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A  HIGH  STANDARD  OF  MEMBERSHIP 


npHE  VALUE  of  membership  in  any  organization  may  be  judged 
-■■  by  its  requirements  for  admission  to  membership.  The  Society 
is  constantly  striving  to  advance  the  engineering  profession  and  to 
include  among  its  members  only  those  having  the  ver^'  highest 
qualifications. 

At  the  Spring  Meeting  several  changes  in  the  requirements  for 
admission  became  effective  which  should  prove  an  incentive  to  all 
engineers  to  cooperate  with  the  Society  and  which  will  enhance  the 
value  of  membership  to  those  already  enrolled. 

The  requirements  for  the  various  grades  are  now  as  follows: 

A  Member  shall  be  an  Engineer  or  Teacher  of  Applied  Science  of  thirty- 
two  years  of  age,  or  over,  and  shall  have  been  in  the  active  practice  of  bis  pro- 
fession for  at  least  ten  years  and  in  responsible  charge  of  important  work  for 
five  years,  and  shall  be  qualified  to  design  as  well  as  to  direct  engineering  work. 
Fulfilling  the  duties  of  a  Professor  of  Engfneering  who  is  in  charge  of  a  depart- 
ment in  a  college  or  school  of  accepted  standing  shall  be  taken  as  an  equivalent 
to  an  equal  number  of  years  of  active  i)ractice.  Graduation  from  a  school  of 
engineering  of  recognized  standing  shall  be  considered  as  equivalent  to  two 
years  of  active  practice. 

An  Associate  shall  be  thirty  years  of  age  or  over.  He  need  not  be  an 
Engineer,  but  must  have  been  so  connected  with  some  Branch  of  Engineering 
or  science,  or  the  arts,  or  industries,  that  the  Council  will  consider  him  qualified 
to  cooperate  with  Engineers  in  the  advancement  of  professional  knowledge. 

An  Associate-Member  shall  be  a  professional  engineer  not  less  than  twenty- 
seven  years  of  age,  who  shall  have  been  in  the  active  practice  of  his  profession 
for  at  least  six  years,  and  who  shall  have  had  responsible  charge  of  work  as 
principal  or  assistant  for  at  least  one  year.  Graduation  from  a  school  of  engineer- 
ing of  recognized  reputation  shaU  he  considered  as  equivalent  to  two  years' 
active  practice. 

A  Junior  shall  be  twenty-one  years  of  age  or  over.  He  must  have  had 
such  engineering  experience  as  will  enable  him  to  fill  a  subordinate  position  in 
engineering  work,  or  he  must  be  a  graduate  of  an  engineering  school. 

The  Member  grade  is  now  more  strict  in  its  requirements  than 
that  of  any  other  engineering  society  in  America  and  the  Associate- 
Member  grade  is  one  of  dignity  and  is  a  professional  grade  inter- 
mediate between  the  Junior  and  Member  grades. 

The  Associate  is  non- professional  and  is  intended  to  provide 
opportunity  for  executive  officers  of  industrial  enterprises  and  others 
who  because  of  their  association  with  engineers  desire  to  cooperate 
with  the  Society  in  the  advancement  of  professional  knowledge. 

A  brochure  has  been  issued  for  distribution  to  those  who  desire 
complete  information  regarding  the  work  of  the  Society. 

Total  Membership  of  the  Society,  June  20,  1914 56S9 

New  Members  since  January  1,  1914 41^ 
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ANNUAL  MEETING  IN  DECEMBER  1914 

THE  Annual  Meeting  of  the  Society  will  l)e  held  in  New  York 
December  1-4.  The  feature  of  the  meeting  will  be  a  session 
extending  throughout  the  day  on  Thursday,  December  3,  on  the 
general  subject  of  the  Engineer  in  Public  Service,  taking  up  also 
problems  in  municipal  engineering  which  are  of  interest  to  the 
mechanical  engineer.  It  is  planned  to  have  a  session  on  Aviation, 
one  devoted  to  Engineering  Metals,  jiarticularly  Steels  of  Construc- 
tion and  for  Tools;  Cast  Irons;  and  Alloys  of  Copper,  Tin  and 
Aluminum,  etc.  The  sub-committees  on  Railroads  and  Machine 
Shop  Practice  are  planning  for  sessions  and  there  will  imdoubtedly 
be  groups  of  papers  given  under  the  direction  of  other  committees, 
besides  one  or  two  sessions  at  which  miscellaneous  papers  will  be 
read.  It  is  urged  that  all  papers  for  the  Annual  Meeting  he  sent  to  tlie 
Secretary  not  later  than  September  1,  and  that  those  who  contemplate  con- 
trihnting  papers  notify  the  Secretarj/  iti  advance  of  this  date  if  possible. 
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THE    SPRING    MEETING 


Those  in  attfiidance  at  the  Spring  Meeting  at  St. 
Paul-Minneapolis  expressed  great  satisfaetiou  at  the 
reception  which  the  Society  received  and  were  enthu- 
siastic at  the  results  achieved  through  The  untiring 
efforts  of  the  Local  Committee,  Max  Toltz,  chairman. 
The  eutire  convention  not  only  afforded  much  pleasure 
to  the  visitors  but  was  of  real  value  to  the  profession. 
The  meeting  comes  to  a  close  as  this  number  of  The 
Journal  is  going  to  press  and  the  various  events  will 
be  refei'red  to  in  a  subsequent  issue. 

The  registration  started  on  Tuesday  afternoou,  June 
16,  a  large  party  of  the  members  from  the  East  arriv- 
ing on  the  special  train  at  4  o'clock.  On  Tuesday 
evening  there  was  a  reception  and  addresses  of  wel- 
come were  delivered  by  Governor  A.  0.  Eberhardt, 
representatives  of  the  Chamber  of  Commerce,  and  the 
Mayor  of  St.  Paul,  the  evening  closing  with  dancing 
and  refreshments. 

At  the  Wednesday  morning  l)usiness  meeting  the 
overshadowing  event  was  the  discussion  upon  the  sub- 
ject of  Boiler  Specifications.  A  tentative  draft  of  the 
Committee's  recommendations  had  been  printed  so 
that  its  work  might  be  checked  up  and  revised  before 
the  report  is  submitted  for  general  discussion.  There 
had  been  a  meeting  at  Chicago  on  Monday,  attended 
by  representatives  of  the  Association  of  Steel  Manu- 
facturers, the  Association  of  Tubular  Boiler  i\Ianufac- 
turers,  and  the  Boiler  Specifications  Committee  of  the 
Society,  at  which  there  was  discussion  with  regard  to 
the  steel  specifications ;  this  diseiission  was  continued 
at  the  opening  session  on  Wednesday  morning.  The 
result  was  a  resolution  calling  for  a  public  hearing  to 
be  held  in  the  rooms  of  the  Society  in  New  York  on 
September  15,  1914,  to  which  all  interests  would  be 
invited  and  that  those  desiring  to  participate  in  this 
hearing  should  submit  their  criticisms  and  suggestions 
in  writing  prior  to  August  10.  At  this  session  also  the 
revised  report  of  the  Flange  Committee  was  received 
and  the  Committee  discharged  with  the  thanks  and 
appreciation  of  the  Council. 

Following  the  business  meeting  was  a  discussion  of 


tlie  papers  on  Powdered  Fuel,  which  were  well  re- 
ceived. The  subject  is  a  timely  one,  and  besides  the 
written  discussion  there  was  a  considerable  amount 
of  opinion  conti-ibuted  from  the  floor.  The  second  ses- 
sion in  the  afternoon  was,  as  would  be  expected,  not 
so  largely  attended,  although  the  papers  drew  out  a 
fair  amount  of  discussion.  In  the  evening  the  lecture 
on  Ore  Handling,  by  John  Hearding,  superintendent 
of  the  Oliver  Iron  Mining  Company,  Duluth,  was  a 
great  success  and  was  attended  by  an  audience  of  300. 
A  number  of  reels  of  films  were  run  off  by  Mr.  Heard- 
ing and  described  by  him  in  a  most  interesting  man- 
ner. He  showed  all  phases  of  iron  mining  work  on 
the  Mesaba  Range  from  the  rough  mining  methods  in 
the  pit  up  to  the  shipping  of  the  ore  and  its  chemical 
analysis. 

On  Thursday  the  visiting  members  were  conducted 
on  special  cars  to  the  University  of  Minnesota  build- 
ings, where  the  concluding  professional  session  was 
held.  Fred  B.  Snyder,  Senator  and  member  of  the 
Board  of  Regents  of  the  University,  made  an  opening 
address,  and  Prof.  II.  T.  Eddy  of  the  faculty  also  ad- 
dressed the  meeting.  The  Engineering  Developments 
of  the  Northwest  were  treated  in  the  three  papers  pre- 
sented, which  had  been  secured  by  the  Local  Commit- 
tee. These  brought  out  some  discussion,  although  the 
large  number  of  excursions  in  progress  at  the  same 
time  limited  the  attendance.  A  luncheon  was  given  at 
noon  in  the  Experimental  Engineering  Building,  250 
sitting  down  to  the  tables.  A  resolution  of  thanks  to 
the  Local  Committee  and  to  all  who  had  contributed  so 
greatly  to  the  success  of  the  meeting  was  read  at  its 
conclusion. 

Immediately  after  luncheon  the  members  and  guests 
went  by  special  train  to  the  residence  of  Mr.  Cjebhard 
Bohn  on  Lake  ]\Iinnetonka,  being  met  at  the  station 
by  launches  and  conducted  to  the  Bohn  residence. 
Here  an  elaborate  program,  including  daylight  fire- 
works, dancing,  and  entertainment  by  a  cartoonist  and 
other  professional  performei-s,  had  been  provided. 
Much  amusement  was  afforded  bv  caricatures  of  tlie 
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members  of  the  Couiieil  pri'seiit  as  well  as  of  the  loeal 
eelebritics.  Tea  was  served  about  G  o'eloek,  followed 
by  daueiiig. 

After  the  close  of  the  eonveution  on  Friday,  about 
forty  members  availed  themselves  of  the  splendid  in- 
vitation extended  by  the  members  of  the  Society  in 
Duluth  to  visit  that  city.  T.  W.  Hugo  eame  to  the 
convention  j)ersonally  to  urge  the  membei's  to  accept 
their  hospitality.  Upon  the  arrival  of  the  visitors  at 
7.30  they  wej'e  taken  on  a  trip  ai'ound  the  harbor  and 
on  .Satui'day  morning  were  given  an  opportunity  to 
view  the  large  ore-handling  apparatus  of  the  city. 

COUNCIL  NOTES 

At  the  meeting  of  tile  Council  held  in  St.  Paul  on 
•June  16,  the  report  of  tlie  Committee  on  Flanges  was 
receiveil,  and  at  their  request  the  Committee  was  dis- 
charged, and  the  Council  spread  upon  its  minutes  its 
appreciation  of  the  splendid  work  which  has  been  per- 
formed by  the  Committee,  especially  its  chairman, 
II.  C.  Stott. 

It  was  voted  to  amend  Hy-Law  2  as  follows: 
Applications  for  membership  from  candidates  who  may 
be  so  situated  as  not  to  be  personally  known  to  the  neces- 
sary number  of  members  of  the  Society,  as  required  in  Para- 
graphs 1  and  2,  may  be  recommended  by  tlie  Membership 
Conmiittee  for  ballot,  after  sufficient  evidence  has  been  se- 
cured to  show  that  in  its  opinion  the  ajiplicant  is  worthy 
of  admission  to  membership.  Such  applicant  for  member- 
ship may  refer  to  officers  or  voting  members  of  other  engi- 
rieering  societies  of  like  standing. 

The  formation  of  a  .Student  Hranch  at  Worcester 
Polytechnic  Institute  was  approved. 

Numerous  requests  were  received  by  the  Council 
from  national  organizations  for  opportunity  for  con- 
ference with  regard  to  Boiler  Specifications,  and  a 
public  hearing  was  ordered  for  September  15  in  the 
rooms  of  the  Society,  when  all  bodies  interested  in  the 
development  of  a  boiler  code  were  coidially  invited  to 
be  present  and  participate  in  the  preparation  of  the 
code. 

Several  communications  received  from  members  of 
the  Society  were  read  in  full  to  the  Council,  urging 
that  the  bound  volume  of  Transactions  be  issued  as 
usual,  bei'au.se  of  its  being  highly  prized  by  the  mem- 
bei'ship,  although  they  have  promptly  received  all  the 
luatrrial  and  more  in  the  monthly  issues  of  The  Jour- 
nal. The  Council  considered  these  requests  favorably 
and  will  eonnuunicate  with  the  members  of  the  Society 
later  regarding  them.  The  Council  would  state  that 
The  Journal  is  self-supi)orting  and  under  no  expense 
to  the  Society,  and  is  therefore  not  subject  to  di.scus- 
sion,  as  the  members"  dues  in  no  way  contribute  to- 
wai-ds  it.  The  continuance  of  Transactions  means 
that  other  activities  of  tlie  Society  which  the  Council 
had  considered  of  more  value  to  the  membership  than 
the  duplicate  pul)lieatiou  in  Transactions  will,  of 
course,  have  to  be  abandoned. 


The  matter  of  issuance  of  advance  copies  of  papers 
to  be  read  at  conventions  was  discussed,  and  notwith- 
standing the  fact  that  out  of  the  entire  membei-ship 
only  six  requests  for  advance  copies  of  papers  had  been 
received,  the  Council  voted  that  hereafter  a  reply 
postal,  or  its  equivalent,  would  be  mailed  to  every 
member  of  the  Society  so  that  there  could  be  no  possi- 
ble opportunity  for  criticism  because  of  the  failure 
of  any  member  to  receive  gratis  copies  of  eveiy  paper 
that  he  actually  needs  previous  to  any  meeting  of  the 
Society. 

Calvin  W.  Rice,  Secretary. 

MEETINGS  OF  THE  YEAR 

With  the  close  of  the  spring  meeting  at  St.  Paul 
and  Minneapolis  and  the  holding  of  the  last  monthly- 
meeting  of  the  season  on  June  3  in  St.  Louis,  the  1913- 
1914  season  ends  for  the  meetings  of  the  Society.  Since 
the  opening  of  the  Society  year  last  October,  54  meet- 
ings have  been  held  in  14  different  cities,  besides  the 
annual  and  spring  meetings  in  New  York  and  St.  Paul- 
Minneapolis  respectively.  This  is  a  substantial  in- 
crease over  any  previous  year,  and  when  it  is  realized 
that  as  recently  as  1907  the  only  local  meetings  were 
the  six  New  York  meetings  occuring  during  the  winter 
months,  it  can  be  seen  how  much  greater  is  the  present 
opportunity  for  the  membershii)  to  get  together. 

In  general  the  local  meetings  have  been  well  at- 
tended and  many  papers  of  extraordinary  interest 
have  been  presented.  Everywhere  the  spirit  of  cooper- 
ation has  been  predominant  since  nearly  one-half  of 
all  the  meetings  throughout  the  coiintrv  have  been 
joint  sessions  with  other  societies.  In  a  number  of 
cases  the  usual  procedure  has  been  varied  by  some 
exceptional  undertaking  as,  for  instance,  at  Worces- 
ter, an  afternoon  and  evening  convention  held  by  the 
Boston  members  in  cooperation  w'ith  the  local  members 
at  Worcester;  or  at  New  York,  where  one  of  the  most 
important  meetings  of  the  year  was  in  connection  with 
the  Sub-Committee  on  Railroads,  with  a  paper  on  the 
famous  Pennsylvania  Railroad  air  brake  tests;  or  at 
New  Haven,  where  regularly  quarterly  conventions 
are  held. 

During  the  past  year  meetings  have  been  begun  at 
Atlanta,  Buffalo,  Milwaukee  and  at  St.  Paul  and 
ilinneapolis.  At  Atlanta,  the  membershii:)  is  small,  but 
the  members  are  working  enthusiasticall.y  to  increase 
the  interest  in  the  Society  and  one  joint  meeting  with 
other  engineering  organizations  has  been  held.  At 
Butfalo  and  Milwaukee  some  work  of  organization  had 
been  done  previous  to  the  present  year  when  the  meet- 
ings have  at  last  become  a  regular  feature.  At  Buffalo 
there  have  been  four  meetings,  the  first  of  which  was 
addressed  by  President  Ilartness,  and  at  Milwaukee 
an  excellent  general  organization  has  been  effected 
known  as  the  Engineers  Society  of  Milwaukee,  com- 
prising representatives  of  five  engineering  societies 
with  a  Board  of  Managers.    Four  meetings  have  taken 
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place,  at  oue  of  wliicli  there  were  afternoon  and  even- 
ing sessions.  At  St.  Paul  and  Minneapolis  there  have 
been  thrt'e  meetings  held  alternately  in  these  two  cities 
under  the  direction  of  the  Minnesota  Committee,  be- 
sides the  special  session  at  the  Spring  Meeting  when 
papers  upon  local  engineering  subjects  were  given, 
arranged  by  the  Local  Committee. 

It  is  altogetlier  probable  that  other  cities  will  join 
the  ranks  of  those  holding  Society  meetings  from  year 
to  year,  emphasizing  more  and  more  the  national  char- 
acter of  the  Society  and  incidentally  making  an  in- 
creasing return  to  the  membership  as  a  result  of  this 
increasing  service  to  the  profession. 

INTERNATIONAL    ENGINEERING 
CONGRESS,    1915 

The  attention  of  the  engineers  of  the  world  is  being 
moi"e  and  more  drawn  to  the  program  of  the  Inter- 
national Engineering  Congress  which  is  to  be  held  in 
San  Francisco,  California,  in  1915.  The  interest  which 
has  been  aroused  in  foi'eign  countries  is  shown  by  the 
fact  that  at  the  present  time  there  have  been  received 
enrollments  and  subsci'iptions  from  42  such  countries. 
It  is  furthermore  to  be  noted  that  of  the  present  total 
enrollment,  approximately  25  per  cent  is  from  coun- 
tries other  than  the  United  States.  The  number  of 
subscriptions  from  the  members  of  the  five  national 
engineering  societies  of  the  United  States  under  whose 
auspices  and  control  the  Congress  is  being  held  is, 
however,  not  so  gratifying.  The  percentage  of  the 
total  membership  of  these  five  societies  represented 
by  the  subscription  list  is  only  3.7,  and  this,  although 
each  individual  member  of  these  societies  has  received 
circular  information  and  data  concerning  the  Congress 
and  has  been  urged  to  send  in  his  subscription 
promptly. 

It  is  probable  that  this  is  largely  due  to  the  fact  that 
the  date  of  the  Congress  is  still  somewhat  in  the  future, 
and  also  to  the  tendency  of  the  individual  to  procrasti- 
nate. This,  to  a  considerable  degree,  handicaps  the 
work  of  the  Committee  on  Management,  and  it  is  ex- 
tremely desirable  that  as  many  as  possible  who  intend 
to  subscribe  should  do  so  at  an  early  date. 

The  list  of  topics  to  be  treated  in  the  Section  on 
Mechanical  Engineering  gives  a  very  good  idea  of  the 
character  of  the  publications  which  it  is  intended  to 
issue  and  the  topics  which  will  be  presented  and  dis- 
cussed at  the  meeting.    These  are  as  follows : 

(1)  Recent  progri-ess  and  present  status  of  foundry  prac- 

tice, and  casting  metals 

(2)  Recent    progress    and    present    status    of    the    art    of 

forging 

(3)  Equipment  processes,  and  methods  for  the  boiler-shop 

(4)  Machine-shop  equipment,  methods,  and  processes 

(5)  Automatics 

(6)  Special  processes  for  shaping  and  forming  metals 

(7)  Higli  temperature  flames  in  metal-working 


(8)  Industrial  uiaiiaijcment 

(9)  Safety  engineering 

(10)  Industrial  Museums  as  an  educational  factor 

(11)  The  steam-engine  of  the  year  1915 

(12)  The  steam-turijine  of  the  year  1915 

(13)  The  intenial-comliustion  engine  of  the  year  1915 

(14)  Motors  of  the  Diesel  type 

(15)  The  Humphreys  gas  pump 

(16)  The  steam  boiler  of  the  year  1915 

(17)  Refrigeration 

(18)  Pneumatics 

(19)  Lubrication  and  lubricants 

(20)  Water  wheels  of  pressure  type 

(21)  Water  wheels  of  impulse  type 

(22)  Hydraulic  power  developments  and  use 

(23)  Power-plant  design 

(24)  Motor  vehicles,  passenger  type 

(25)  Motor  vehicles,  utility  type 

(26)  Motor  tractors 

Many  of  these  topics  will  be  treated  as  symposiums 
with  contributions  representing  the  practice  in  more 
than  one  country. 

The  various  sections  outlined  for  the  work  of  the 
Congress  and  the  volumes  to  be  issued  are  as  foUows : 

Vol.  I  The  Panama  Canal 

Vol.  II  Waterways  and  Irrigation 

Vol.  Ill  Municipal  Engineering 

Vol.  IV  Railways  and  Railway  Engineering 

Vol.  V  Materials  of  Engineering  Construction 

Vol.  VI  Mechanical  Engineering 

Vol.  VII  Electrical  and  Mechanical  Engineering 

Vol.  VIII  Mining  Engineering  and  Metallurgy 

Vol.  IX  Naval  Ai'chitecture  and  Marine  Engineering 

Vol.  X  Military  Engineering,  and  Miscellaneous 

It  will  be  noted  that  the  proceedings  of  the  Section 
on  Mechanical  Engineering  will  be  published  in  Vol. 
VI,  with  some  of  the  papers  falling  into  Vol.  VII.  It 
is  also  noted  that  Vol.  X  wall  consist  only  in  part  of 
Military  Engineering  and  wiU  also  contain  papers  on 
miscellaneous  topics  which  are  not  definitely  associated 
with  any  of  the  various  sections. 

Full  information  concerning  the  Congress  may  be 
obtained  by  addressing  the  Committee  of  Management 
as  follows : 

International  Engineering  Congress,  1915, 
Foxcroft  Building,  San  Fi-ancisco,  Cal. 

APPLICATIONS  FOR  MEMBERSHIP 

Members  are  I'equested  to  scrutinize  with  the  utmost 
care  the  following  list  of  candidates  who  have  filed  ap- 
plications for  membership  in  the  Society.  These  are 
sub-divided  according  to  the  grades  for  which  their 
age  would  qualify  them  and  not  with  regard  to  pro- 
fessional qualifications,  i.e.,  the  age  of  those  under  the 
first  heading  would  place  them  under  either  Member, 
Associate  or  Associate-Member,  those  in  the  next  class 
under  Associate-Member  or  Junior,  while  those  in  the 
tliird  class  are  qualified  for  Junior  grade  only.  The 
Membership  Committee,  and  in  turn  the  Council,  urge 


VI 


SOCIETY     AFFAIRS 


the  members  to  assume  their  share  of  the  responsibility 
of  receiving  these  caiulidates  into  the  membeivsliip  by 
advising  the  Secretary  promptly  of  anyone  whose  eligi- 
bility- for  membership  is  in  any  way  questioned.  Mem- 
bers will  be  furnished  with  complete  records  of  any 
candidate  thus  questioned.  All  correspondence  in  re- 
gard to  sucli  matters  is  strictly  confidential  and  is  solely 
for  the  good  of  the  Society,  which  it  is  the  duty  of 
every_  member  to  promote.  These  candidates  will  be 
balloted  upon  by  the  C'ouiicil  uidess  objection  is  re- 
ceived before  August  10,  1914. 


CoTTRKLL,  Joseph  F.,  2nd  Lieut.,  Coast  Artillery  Corps, 
U.  S.  A.,  ("orregidor  Island,  P.  1. 

Davis,  Koydex  X.,  Mech.  Engr.,  The  Peoples  Gas  Lt.  &  Coke 
Co.,  also  Cons.  Engr.,  Indiana  Gas  &  Oil  Co.,  Chi- 
cago, 111. 

lloiiST,  AxTON  E.,  8eev.  &  Treas.,  Henry  W.  Ilorst  Co., 
Kock  Island,   111. 

M.^xx,  Howard  L.,  I'"'actory  Mgr.,  Chicago  Pneumatic  Tool 
Co.,  Chicago  Heights,  111. 

MoKCAX,  Edward  J.,  Engr.,  Alberger  Pump  &  Condenser 
Co.,  Chicago,  111. 

Staniar,  Wii.,  Special  Mech.  Engr.,  E.  I.  du  Pont  de 
Nemours  Powder  Co.,  Wilmington,  Del. 

Wixc,  Chester  E.,  Asst.  Engr.,  The  G.  M.  Parks  Co.,  Fitch- 
burs;-.  Mass. 


NEW  APPLICATIONS 

for   consideration    as    member,   associate   or   associate- 

-MEMBER 

Allman,  W.m.  N.,  Engr.  &  Draftsman,  Pjaltimore  &  Ohio 
R.  R.  Co.,  P.altimore,  Md. 

Bailey,  Ledtard  M.,  Genl.  Mgr.,  Portland  Cement  Co.  o£ 
Utah,  Salt  Lake  C-'ity,  Utah 

Barker,  John  P.,  Supt.  &  Ch.  Engr.,  Homer  Motors  Co., 
Los  Aiigeles,  Cal. 

Bell,  \Vm.  L.,  Mgr.,  Fulton  Engine  Works,  Los  Angeles, 
Cal. 

Berry,  Arthur  0.,  Senior  Mech.  Engr.,  Interstate  Com- 
merce Commission,  Division  of  Valuation,  Chattanooga, 
Tenn. 

CoOKE,  Horace  G.,  Mgr.,  Eastern  Office,  The  Connersville 
Blower  Co.,  New  York. 

Davis,  Oliver  M.,  Mech.  Engr.,  Constr.  Dept.,  Swift  &  Co., 
Chicago,  111. 

Frear,  Jenness  B.,  Asst.  Supt.,  Park  Mfg.  Co.,  Minnesota 
Transfer,  Minn. 

Hoagland,  Ira  G.,  Secy.,  Natl.  Automatic  Sprinkler  Associa- 
tion, New  York. 

JakOwleff,  Dmitry,  Asst.  Ch.  Engr.  for  Construction  of 
the  Ladoga  Water  Supply,  St.  Petersburg,  Russia. 

Luster,  Emile  J.,  Mech.  Engr.  &  Sales  Mgr.  with  Alfred  H. 
Schutte,  New  York. 

Miller,  Alten  S.,  Member  of  Firm,  Humphreys  &  .Miller, 
Inc.,  New  York. 

Oleson,  Olaf  E.,  Ch.  Engr.,  Fisk  &  Quarry  St.  Stations, 
Ciminionwealth  Edison  Co.,  Chicago,  111. 

Pilkington,  Robert  G.,  Resident  Engineer.  American  Effi- 
ciency Survey  of  Motor  Car  Units,  Cliicago,  111. 

PURVES,  .John  B.,  Mech.  Engr.,  Combined  Locks  Paper  Co., 
Combined  Locks,  Wis. 

SCHRECK,  II.,  Asst.  Ch.  Engr.,  Diesel-Engine  Div.,  Fulton 
Iron  Works,  St.  Louis,  Mo. 

ScHREiBER,  Carl  T..  Publicity  Engr.,  Hill  Publishing  Co., 
New  York. 

Spitzglass,  Jacob  M.,  Engrg.  Dept.,  Peoples  Gas  Lt.  &  Coke 
Co.,  also  Pres.,  Gcbhardt  Meter  Co.,  Chicago,  111. 

Sweeney,  Matthew  M.,  Production  Engr.,  Genl.  Fire  Extin- 
guisher Co.,  Providence,  R.  I. 

Thanisch,  Rudolph  J.,  Asst.  Engr.,  Bridge  &  Ferry  Div., 

City  of  Boston,  Mass. 
Wilcox,  Rop.ert   B.,  Supervising  Engr.,  Dept.  for  Inspec- 
tion of  Steam  Boilers,  Steam  and  Cooling  Plants,  City 
of  Cliicago,  111. 
Williams,  Charles  II.,  Master  Mechanic,  New   River  Col- 
lieries Co.,  Eccles,  W.  Va. 

FOR   CONSIDERATION    AS    ASSOCIATE-MEMBER  OR    JUNIOR 

Alling,  Claude  R.,  Asst.  Engr.,  Underwriter's  Laboratories, 

Inc.,  Chicago,  111. 
Brown,    Alexander    C,    Viee-Pres.,    The    Brown    Hoisting 

Mchy.  Co.,  Cleveland,  Ohio. 
Cady,  Ceylon  R.,  ('h.  Engr.,  Douglas  Co.,  Cedar  Rapids, 

Iowa. 


FOR  consideration  as  junior 

Atwater,   Harry   A.,   Mech.   Engr.,   Union    Stock   Yard   & 

Transit  Co.  of  Chicago,  Chicago,  111. 
Baxter,  Henry  N.,  Designing  Engr.,  Lyons  Atlas  Co.,  In- 
dianapolis, Ind. 
BissELL,  Albert  W.,  Draftsman,  Link-Belt  Co.,  Chicago,  111. 
BuRRELL,  Gene  N.,  Asst.  Resident  Engr.  on  Diversion  Dam 

of  Inter  Comity  Improvement,  Tacoma,  Wash. 
Butler,   Rolaxd  G.,  Asst.  to  Cb.  Engr.  of  Elec.  &  Mech. 

Depts.,  Central  Illinois  Public  Service  Co.,  Mattoon,  111. 
Cozzexs,  Henry  A.,  Jr.,  Laboratory  Asst.,  Public  Service 

Elec.  Co.,  Newark,  N.  J. 
Dawson,   Val   S.,   Supt.,   Fidelity   Cotton    Oil   &   Fertilizer 

Co.,  Houiston,  Texas. 
Dougherty,  John  H.,  Centrifugal  Engr.  &  Salesman,  The 

Jeanesville  Iron  Works  Co.,  Hazleton,  Pa. 
Kinsman,  Richard  E.,  Engr.  &  Accountant,  American-La 

France  Fire  Eng.  Co.,  Elmira,  N.  Y. 
Macnoe,  George,  Draftsman,  Power   Specialty   Co.,   Dans- 

ville,  N.  Y. 
Markey,  Harold  L,  Asst.  Instr,  in  Mech.  Engrg.,  University 

of  Michigan,  Ann  Arbor,  Mich. 
NicoLL,  Wm.  L.,  N.  Y.  Representative,  Lockwood,  Greene  & 

Co.,  New  York. 
Peets,   Wilbur  J.,  Mech.   Engr.,   Singer   Mfg.   Co..   Eliza- 

bethport.  N.  J. 
Porter,  LaFayette  L.,  with  Root  and  Van  Dervoort  Engrg. 

Co.,  East  Moline,  111. 
Reitz,  Walter  R.,  Asst.  to  Mech.  Engr.,  Burdett-Rowntree 

Mfg.  Co.,  Chicago,  111. 
Taylor,  Sutherland  G.,  Jr.,  Ch.  Engr.,  Installation  Dept., 

Slucum,  Avrani  &  Slocum,  Inc.,  New  York. 


APPLICATIONS    FOR    CHANGE    OF    GRADING 

projiotion  from  associate 

Waite,    Edward    B.,    Dean    and    Head,    Consulting    Dept., 
American  School  of  Correspondence,  Chicago,  111. 

promotion  from  junior 

D.wis,  Herbert  R.,  Supt.  ot  Production,  Quapaw  Gas  Co., 

Wichita  Natural  Gas  Co..  and  Wichita  Pipe  Line  Co., 

Bartlesville,  Okla. 
Fisher,  Henry   D.,  Asst.   Mech.   Engr.,   Fuel   Testing   Co., 

Boston,  Mass. 
Price,  Wm.  T..  Ch.  Engr.,  Oil  Eng.  Dept.,  De  La  Vergne 

Mch.  Co.,  New  York. 

SUMMARY 

New    a|>])lications 48 

Applications  for  change  of  grading 

Promotion  from  Associate 1 

Promotion     fmin    .Junior 3 

Total 52 


BOSTON  SYMPOSIUM  ON  SELECTIVE    PACKACJE    AND 

PNEUMATIC   CONVEYORS 

/i  T  a  meeting  iii.  Boston  on  April  8,  three  papers  were  presented  on  Conveying  Systems.  One 
of  these  by  W.  0.  Hildreth  rrlateel  to  eunveyors  aelapted  for  delivering  packages  or  other 
materials  from  a  central  station,  or  from  intermediate  stations,  to  various  other  stations  as  selected 
by  the  sender  at  the  time  the  goods  are  despatched.  A  second  paper  by  F.  B.  Williams  illustrated 
particidarly  the  tube  systems  for  transporting  mail,  for  long  distances  underground.  A  third 
paper  by  S.  L.  Haines  dealt  with  belt  conveyors  in  use  for  handling  magazines  in  publishing  estab- 
lishments and  u-ifh   link-belt  elevators  for  packages. 


CONVEYORS 


OF    THE 
TYPE 


SELECTIVE 


Bv  W.  O.  Hildreth,^  Boston, 

Member  of  the  Society 


Mass. 


Seleeth^e  conveyors  are  conveyors  adapted  for  deliv- 
ering packages  or  other  materials  from  a  central  sta- 
tion, or  from  intermediate  stations,  to  various  other 
stations  as  selected  by  tlie  sender  at  the  time  the  eoods 


of  conveyors  for  transporting  separate  packages  to  pre- 
determined stations. 

The  delivery  of  these  packages  at  the  proper  sta- 
tion may  involve  merely  some  device  to  sweep  the  pack- 
age from  a  moving  conveyor  belt,  or  may  involve  the 
switching  of  some  standard  tray  or  "  tote  box  "  to  a 
station  located  at  the  side  of  the  conveyor,  or  may  in- 
volve the  construction  of  a  carrier  with  individual 
cars  adapted  for  delivering  loads  at  any  one  of  a  num- 


FiG.  1     A  Tray  Conveyor  ix  use  at  the  Philadelphia  Post  Office 


are  desjaatched.  While  this  definition  may  not  en- 
tirely eliminate  the  plain  belt  conveyor  with  the  usual 
trippers  for  distribution  of  a  continuous  stream  of 
material,   this  paper  is  confined  to  the  consideration 


'  Presented  at  tbe  Boston  local  meeting  of  TUe  American  Society  of 
Meclianical  Engineers,  April  S,  1914. 


ber  of  stations  located  along  the  path  of  the  conveyor. 
Generally  it  is  necessary  to  give  sei'vice  in  both  di- 
rections. With  convej'ors  of  the  belt  type  this  return 
service  can  be  secured  by  the  use  of  the  lower  or  re- 
turn part  of  the  belt.  With  other  tj-pes  of  carriers  the 
conveyor  may  form  a  complete  ciretiit  so  as  to  give 
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On.-  of  the  simplest  methods  for  giving  a  series  of 
separate  deliveries  to  a  uumber  of  separate  stations 
located  alongside  a  belt  conveyor  is  to  introduce  a 
number  of  vertical  stationary  partitions  above  the 
moving  belt  so  as  to  divide  the  conveyor  into  a  series 
of  divisions  and  then  terminate  these  dividing  plates 
successively  at  the  various  stations,  at  the  same  time 
leading  the  division  plate  to  the  edge  of  the  belt  so  as 
to  sweep  off  all  material  that  is  contained  in  this  par- 
ticular division. 

Sucli  a  conveyor  can  be  loaded  at  any  intermediate 
point  and  the  sender  can  determine  the  delivery  point 
])}■  placing  his  nmterial  in  the  proper  division.  It  is 
evident  that  such  a  conveyor  has  all  the  limitations 
imi)0sed  by  the  use  of  a  belt;  nevertheless  there  is  a 
considei-able  field  of  usefulness  that  can  be  served  by 
such  a  device.  It  is  well  adapted  for  handling  pass 
books  in  banks  between  tellers  and  bookkeepers,  and 
for  handling  cards,  order  slips  or  papers  that  can  be 
eai'ried  on  edge  between  the  division  plates. 

A  modification  of  this  carrier  has  been  used  in  a  num- 
ber of  telephone  offices  for  conveying  charge  slips  and 
toll  line  call  slips.  This  modification  retains  the  series 
of   vertical   division   plates,   but   substitutes  a   smooth 


Fig.  2     View  of  a  Typical  Pick-up  Carhier  shuwinc  Details 
OF  A  Station 

intercomuuuiicating    service,   although    materials   may 
always  travel  in  the  same  direction. 

While  the  belt  conveyor  type  has  a  certain  amount 
of  flexibility  in  a  vertical  direction,  it  can  make  hori- 
zontal turns  only  by  tlie  use  of  another  conveyor  and 
these  Innitations  compel  the  use  of  some  more  flexible 


Eu;.  '.i     View  of  Sendinc  Station  on  a 


Pick-dp  Carrier  System,  showing  Selective  Mechanism  for  Four  Stations 


means  of  connection  between  the  individual  cars  or 
other  transportation  units,  if  we  are  to  cover  satisfac- 
torily all  the  requirements  of  tlie  modern  manufactur- 
ing plant.  Such  selective  conveyors  must  give  prac- 
tically continuous  servic(>  between  points  located  on 
several  different  floors,  and  must  be  able  to  avoid  va- 
rious obstructions  and  reach  i)oints  that  could  not  con- 
veniently be  reached  by  a  belt  conveyor. 


bottom  plate  for  the  moving  belt.  The  tickets,  whicli 
project  above  the  division  plates,  are  pushed  forward 
by  a  horizontal  finger  attached  to  a  car  and  driven  by 
an  endless  cable.  The  car  is  guided  on  a  track  sus- 
pended above  the  division  plates.  It  is  possible,  with 
this  conveyor,  to  turn  horizontal  corners  and  to  carry 
the  slips  from  one  floor  to  another  by  means  of  in- 
clines which  may  be  as  steep  as  45  degrees  or  more. 
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Fig.  5  A  Pick-ui'  System  fitted  with  Large  Cylindrical 
Carriers  for  Handling  Large  Envelopes  and  Bundles 
OF  Papers 


Fig.   4     A   Vertical  Sending  St.\tion  on   a   Pick-up  Sy'stem, 
having  Selective   Mechanism   for   Two   St.\tions 

Tliis  type  of  carrier  with  the  moving  belt  has  a  con- 
siderable field  for  the  distribution  of  materials  that 
can  be  handled  on  a  belt  and  swept  from  the  belt  at 
the  deliveriiig  point. 

Tr.\y  Conveyor. — The  next  step  in  the  develoi^ment 
of  a  selective  conveyor,  using  a  belt  for  the  moveable 
conveying  member,  is  what  may  lie  called  a  tray  con- 
veyor. The  tray  or  tote  box  is  in  common  use  in  manu- 
facturing establishments  for  the  transportation  of 
small  parts  from  one  department  to  another.  With 
this  type  of  carrier  the  tray  can  occupy  the  entire 
width  of  the  conveyor,  thus  cutting  down  the  width 
of  the  pennanent  structure  to  a  size  just  sufficient  to 
accommodate  one  tray. 

The  carrying  capacity  of  this  type  of  conveyor  is 


very  large  since  there  is  a  possibility  of  sending  prac- 
tically a  continuous  stream  of  trays  and  switching 
them  to  intermediate  stations  or  to  lines  branching 
from  the  main  trunk  line  of  the  conveyor  at  any  point. 
The  i-eturn  service  can  be  secured  by  the  use  of  the  re  ■ 
turning  portion  of  the  belt  and  it  is  possible  to  send 
from  any  station  on  the  line  to  any  other  station,  thus 
giving  intercommunicating  service. 

In  tliis  type  of  conveyor  the  tray  is  furnished  with 
a  moveable  projecting  finger,  generally  extending 
above  the  front  end  of  the  tray,  and  adapted  for  en- 
gagement with  the  switches  which  extend  over  the  con- 
veyor from  the  various  stations.  The  selective  finger 
on  the  tray  is  moved  by  the  despatching  operator  to 


Fig.  7    The  Driving  Mechanism  fob  the  Bag  Carrier  System 
IN  the  Chicago  Post  Office 


Fig.  6    View  of  a  Bag  Carrier  System  in  the  Chicago  Post 
Office,  with  Receiving  Chute 
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Fig.  S    View  of  a  Station  on  a  Typical  Book  Carrier  System 
AND  A  Car  above  en  route 


a  selective  finger  on  tlie  car  and  tlie  number  of  sta- 
tions that  can  be  used  is  limited  only  by  the  space  avail- 
able on  the  car  for  the  selective  switching  positions. 

A  sj'stem  of  this  kind,  with  automatic  elevators  onto 
which  the  cars  are  run  and  dropped  several  stories,  has 
been  in  use  many  years  in  the  Boston  Public  Library 
for  transporting  books  from  the  stacks  to  the  delivery 
desk.  Wlien  cars  are  returned  from  the  switch  tracks 
to  the  main  line,  the  moving  cable  is  gripped  automat- 
ically and  the  car  proceeds  until  switched  again  from 
tlie  main  line  at  the  station  determined  bj-  the  setting 
of  the  selective  finger  on  the  car. 

While  the  capacity  of  this  conveyor  is  not  as  great 
as  the  capacity  of  the  tray  conveyor,  nevertheless  it 
can  handle  a  great  amount  of  material  with  a  very 
small  expenditure  for  power.  When  cars  are  not  ac- 
tually en  route,  the  power  required  for  driving  the 
cable  is  very  small,  the  ti'ack  is  inconspicuous  and  does 
not  obstruct  the  lighting  of  the  shop  at  all. 

Pick-up  Cakkier. — Another  class  of  carriers  that 
has  been  developed  for  the  transportation  of  orders 
and  corresi^ondence,  rather  than  for  large  quantities 
of  manufactured  material,  is  known  as  a  "  Pick-up 
Carrier  ''  from  the  action  of  the  car  which  actually 
l^icks  up  its  load  from  a  shelf  upon  which  the  load  has 
been  placed  by  the  sender. 

This  carrier  introduces  a  different  principle  of  se- 
lection from  those  previously  described,  in  that  it  has 
a  series  of  ears  permanently  attached  to  an   endless 


a  numbered  position  corresponding  to  the  station  to 
which  the  tray  is  to  be  sent,  and  the  tray  is  then 
placed  upon  the  moving  conveyor  belt.  The  tray 
passes  all  the  intervening  switches  until  it  reaches  the 
station  for  which  its  selective  finger  is  set,  and  after 
coming  in  contact  with  the  switch  it  is  deflected  from 
the  conveyor  belt  and  delivered  upon  an  inclined  shelf, 
from  which  it  is  removed  by  the  attendant. 

Instead  of  switching  to  a  station,  the  tray  can  if  de- 
sired be  switched  to  a  branch  line  for  delivery  to  sta- 
tions located  along  this  line.  The  width  of  the  end  of 
tlie  tray,  and  the  necessary  spacing  between  successive 
positions  of  the  selective  finger  on  the  tray,  is  the  only 
thing  that  limits  the  number  of  stations  possible  on 
such  a  system.  It  is  possible  to  cover  more  than  one 
floor  with  one  of  tliese  tray  conveyors  by  transporting 
the  trays  ou  inclined  conveyors  from  floor  to  floor,  or 
by  delivering  the  trays  to  automatic  elevators,  which 
in  turn  may  deliver  at  any  one  of  a  number  of  differ- 
ent floors  or  to  other  belt  conveyors  with  selective  sta- 
tions. A  tj'pical  tray  conveyor  for  Post  Office  work  is 
shown  in  Fig.  1. 

A  further  variation  of  this  type  of  convej'or  is  made 
with  a  foui'-wheeled  car  propelled  by  an  endless  cable 
and  iiinning  upon  two  rails.  This  car  is  provided  with 
a  cable  gripping  device  that  will  disengage  the  car 
from  the  cable  when  the  car  is  switclied  from  the  main 
line  onto  tlie  switch  track.     Tlie  switch  is  oj)eiated  b.y 


Fig.  10  Details  of  Construction  of  Vertical  and  Horizont.\l 
Turns  in  a  Book  Carrier  System 
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driving  cable  and  sliding  upon  a  pair  of  smooth  round 
steel  rods.  The  cars  are  furnished  with  gripping  jaws 
of  steel  wire  adapted  for  holding  either  flat  envelopes 
or  cylindrical  carriers.  The  upper  jaw  is  stationary, 
while  the  lower  jaw  is  moveable  and  swings  around  a 
fulcrum  pin  with  a  spring  to  press  the  moveable  jaw 
against  the  stationary  jaw  and  hold  firmly  whatever 
material  may  be  contained  between  the  jaws.  The 
moveable  jaw  has  a  projecting  ann  that  rides  upon  a 
cam  surface  at  tlie  station  so  as  to  open  the  jaws  for  de- 
livering the  load  and  to  allow  the  jaws  to  close  again 
upon  another  load  waiting  upon  the  sending  slielf.  A 
typical  pick-up  carrier  is  shown  in  Fig.  2. 

As  the  different  cars  have  opening  levers  of  different 
lengths,  it  is  possible  to  have  a  series  of  cars,  each  one 
opening  its  jaws  for  delivering  and  picking  up  mes- 
sages at  two  definite  locations  along  the  line.  A  mes- 
sage placed  upon  a  certain  sending  shelf  will  be  picked 
up  by  its  own  car  only  and  will  be  delivered  alwaj's 
at  another  definite  location  where  tlie  station  cam  is 
placed  in  the  correct  position  to  operate  this  particu- 
lar car  and  no  other  one.  A  series  of  sending  shelves 
at  a  station  gives  the  sending  operator  an  opportunity 
to  send  to  as  many  destinations  as  he  has  shelves,  and 
every  car  that  arrives  at  his  station  must  drop  its  mes- 
sage for  him  before  picking  iip  a  message  for  the  other 
station.  In  Fig.  3,  is  shown  a  sending  station  for  two 
systems  with  four  stations  each. 

In  this  carrier  the  selective  mechanism  is  a  perman- 
ent part  of  the  car,  itself,  and  does  not  require  any 
adjustment  by  the  operator  or  by  the  station  mechan- 
ism. The  only  selective  effort  required  of  the  operator 
is  to  select  the  proper  shelf  upon  which  to  lay  his  mes- 
sage and  the  carrier  does  the  rest. 

In  order  to  keep  the  size  of  the  car  and  stations 
within  reasonable  limits,  it  has  seemed  desirable  to 
limit  the  cam  graduations  on  a  station  to  five  so  that 
it  is  possible  to  send  from  a  central  station  to  five  other 
stations  and  to  receive  messages  from  these  five  sta- 
tions in  return.  It  is  practicable  to  handle  papers  or 
traffic  envelopes  as  large  as  10  in.  x  13  in.  with  this  sys- 
tem, or  in  cylindrical  carriers  as  long  as  30  in.  In  Fig. 
5  is  shown  a  system  of  this  kind. 

As  the  cars  are  traveling  continuously,  sei-vice  is 
provided  from  each  station  at  regular  intervals  and  as 
the  sender  does  not  have  to  wait  for  a  car,  but  has  only 
to  lay  his  message  on  the  proper  shelf  and  return  to 
his  work  again,  the  service  is  prompt  and  regular  with- 
out w'aste  of  the  sender's  time.  The  messages  are 
dropped  by  the  cars  into  a  single  receiving  pan  or 
basket  at  each  station. 

In  cases  where  it  is  desirable  to  have  intercommuni- 
cating service  between  a  large  number  of  stations,  it 
is  customary  to  group  the  central  stations  of  a  number 
of  lines  at  one  convenient  point  and  make  this  point  a 
clearing  house  for  the  entire  system  by  transferring 
the  messages  sent  in  by  the  differeiit  lines  to  the  proper 
shelf  for  transmission  to  their  final  destination.     This 


Fig.  9     A  St.\tion  of  Different  Form  on  a  Book  Carrier 
System   with   Car   approaching   Receiving   Fingers 

work  can  usually  be  done  by  a  filing  clerk  or  some  one 
permanently  employed  in  the  neigliborhood  of  the  sta- 
tion so  that  special  help  need  not  be  employed  for  this 
particular  purpose. 

As  this  system  is  operated  by  a  flexible  cable,  it  is 
possible  to  turn  corners  in  any  direction  so  that  sta- 
tions on  a  number  of  floors  can  be  served  by  a  single 
line.  Tlie  power  consumption  is  small  and  the  service 
is  practically  noiseless  in  operation. 

Bag  Carkie.r. — Another  carrier  with  a  capacity  for 
luuidling  loads  as  great  as  150  to  200  lb.  has  been  de- 
veloped along  somewliat  similar  lines,  but  with  a  dif- 
feient  principle  of  selection.  As  this  conveyor  was 
first  used  for  transporting  post  office  mail  in  bags,  it 
has  become  known  as  a  "  bag  carrier."  It  consists  of 
a  series  of  two  wheeled  cars  or  trolleys  permanently 
attached  to  an  endless  moving  steel  wire  cable  at  fre- 
(jue7it  intervals  often  as  close  as  10  ft.  apart.  The  car 
wheels  run  upon  the  lower  flanges  of  structural  steel 
channels  with  a  pair  of  guiding  rails  below  the  chan- 
nels to  prevent  excessive  swinging  of  the  cars.  A  sys- 
tem of  this  type  is  shown  in  Fig.  6. 

Each  car  has  a  hook  upon  which  the  bags  are  hung 
and  these  hooks  are  hinged  in  such  a  way  that  they 
can  be  tripped  so  as  to  drop  the  loads  hung  upon  them. 
A  moveable  tmlocking  slide  is  arranged  ttpon  the  car 
so  that  a  selective  finger  on  the  car  can  be  set  at  the 
sending  station  in  as  many  different  locations  as  there 
are  delivery  points  on  the  line;  Tliis  selective  setting 
is  done  at  the  sending  station  as  the  car  passes  an  in- 
clined cam  device  whose  position  is  controlled  by  the 
operator.    This  cam  moves  tlie  unlocking  slide  and  the 
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selective  fingei'  to  a  position  corresponding  to  tlie  de- 
livery station  desired. 

Each  delivery  station  has  a  tripping  finger  pernian- 
fiitly  fixed  at  a  different  heiglit  from  all  the  other 
stations  and  arranged  so  as  to  trip  tlie  car  hook  on 
every  car  that  passes  having  its  selective  finger  at 
the  proper  height  to  engage  with  it.  The  bags,  when 
dropped  from  the  cars,  are  received  on  snitable  chutes 
from  which  they  slide  to  the  floor  or  to  tables.  Just 
before  the  cars  complete  their  circuit  and  reach  the 
sending  station  again  they  pass  a  resetting  cam,  which 
returns  the  selective  finger  to  the  neutral  position, 
ready  to  be  set  again  at  the  sending  station. 

As  the  cars  are  permanently  attached  to  the  driving 
cable,  a  rather  novel  cable  drive  lias  been  devised,  giv- 
ing a  powerful  pull  and  operating  on  a  straight  por- 
tion of  the  cable  without  requiring  the  introduction  of 
grooved  di'iving  sheaves.  In  this  driving  device  the 
cable  is  driven  by  a  .series  of  gripping  jaws  in  pairs 
attached  to  an  <'ndless  chain  moving  parallel  to  file 
cable,  and  driven  by  sprocket  wheels.  Each  pair  of 
jaws  is  connected  by  springs,  thus  giving  a  nniforui 
pressure  on  the  cable. 

At  the  point  when  the  jaws  begin  to  leave  the  eable 
at  the  driving  sprocket,  a  cam  is  located  so  as  to  open 
the  gripping  jaws  and  allow  them  to  leave  the  cable 
and  pass  around  the  si)rocket  wheel  and  return  again 
to  the  point  of  commencement,  where  another  cam 
opens  the  jaws  so  as  to  allow  them  to  grip  the  eable 
again.     This  device  makes  a  very  satisfactory  arrange- 


ment, as  it  can  be  placed  at  any  point  of  the  line  where 
there  is  a  straight  section  of  cable.  The  cars  j^ass  this 
drive  without  any  trouble,  and  it  does  not  require  the 
addition  of  a  number  of  driving  sheave  pulleys  around 
which  all  of  the  cars  would  have  to  pass.  With  lines  of 
any  considerable  length,  it  would  not  be  possible  to 
get  sufficient  driving  power  from  a  single-grooved 
driving  sheave  with  ISO  deg.  arc  of  contact,  and  sev- 
eral driven  sheaves  around  which  the  cable  and  the 
attached  cars  must  pass  in  succession  would  introduce 
several  objectionable  complications. 

Book  Carrier. — Among  the  carriers  with  individual 
cars,  each  car  having  its  moveable  selective  finger,  the 
most  interesting  perhaps  is  the  so-called  Factory  Serv- 
ice Carrier.  Tliis  was  originally  developed  for  trans- 
porting books  in  large  libraries  between  stations  lo- 
cated in  the  book  stacks  and  the  delivery  desk,  but  it 
liroved  to  be  very  well  adapted  for  distributing  small 
manufactured  parts  and  tools  from  one  part  of  a  fac- 
tory to  another. 

The  cars  are  permanently  attached  to  a  wire  cable 
at  intervals  depending  upon  the  amount  of  traffic  to 
lie  accommodated.  The  track  upon  which  the  ear 
wheels  run  is  of  ^'4  in.  round  cold  I'olled  steel  and  the 
cars  are  of  the  finger  bottom  type  so  that  the  car  can 
pick  up  its  load  or  drop  its  load  by  passing  between  a 
similar  set  of  fingers  forming  the  stations.  A  system 
of  this  tj-pe  is  shown  in  Fig.  8  with  ear  en  route. 

The  car  body  is  mounted  upon  a  truck  and  arranged 
to  swivel  so  as  to  keep  the  car  body  in  a  horizontal 
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Fig.  12     A  Sweep-off  Carrier  just  Leaving  a  Station  and  Closing  Bottom  Doors 


position  when  the  car  is  traveling  on  vertical  track  as 
well  as  when  the  track  is  horizontal.  This  type  of  car- 
rier can  pass  from  floor  to  floor  vertically  and  can  make 
horizontal  turns  at  any  angle  so  as  to  reach  any  re- 
quiied  position  or  avoid  obstructions,  as  shown  in  Pig. 
10. 

In  this  system  we  have  again  the  moveable  selective 
finger  upon  the  ear  to  determine,  by  its  position,  the 
station  at  which  the  car  will  deliver  its  load ;  and  tliis 
selective  finger  is  moved  by  mechanism  at  the  loading 
station  under  control  of  the  operator.  The  cars  in  all 
cases  pick  up  their  loads  when  passing  upward  tlirough 
the  sending  station  fingers  and  drop  their  loads  upon 
the  receiving  station  fingers  when  passing  downward 
through  these  station  fingers. 

As  the  cars  are  continually  passing  the  sending  sta- 
tions, it  is  obvious  that  the  loaded  sending  station  fin- 
gers must  be  kept  out  of  the  path  of  loaded  cars  but 
must  be  advanced  into  the  path  of  the  first  approach- 
ing empty  car  so  that  the  load  can  be  picked  up  and 
carried  to  its  proper  destination. 

To  carry  out  this  condition,  the  sending  station  fin- 
gers are  mounted  upon  a  wheeled  truck  operating  upon 
horizontal  rails.  This  finger  truck  is  nonually  held 
back  by  a  weight  working  within  a  dash  pot  tube. 
When  the  operator  has  placed  a  load  upon  the  send- 
ing fingers  he  moves  a  lever  to  a  numbered  position 
corresponding  to  the  station  to  which  the  load  is  to  be 


sent  and  then  depresses  a  lever,  which  compresses  a 
spi'ing  and  stores  up  suflieient  energy  to  move  the  send- 
ing fingers  forward  when  the  next  empty  car  arrives. 

Upon  the  approach  of  an  empty  car  the  catch  hold- 
ing the  station  fingers  back  will  be  tripped  and  the  fin- 
gers with  their  load  will  move  forward  into  the  path 
of  the  car.  The  car  then  picks  up  the  load  and  while 
passing  the  station  has  its  selective  finger  moved  to 
the  position  corresponding  to  the  delivery  station. 
After  the  car  has  left  the  sending  station,  the  catch 
holding  the  station  in  forward  position  is  unlocked  by 
fhe  car  and  the  sending  fingers  are  drawn  back  by  the 
counterweight  out  of  the  path  of  succeeding  cars. 

Wliile  the  loading  fingers  are  held  back,  awaiting 
the  approach  of  an  empty  car,  a  loaded  car  will  not 
trip  the  station  catch  because  this  catch  is  tripped  by 
a  lever  arm  on  the  car  having  two  positions,  one  for 
an  empty  car  and  one  for  a  loaded  car,  and  the  lever 
when  in  the  loaded  car  position  will  not  unlock  the  sta- 
tion catch.  The  receiving  station  fingers  are  hinged  at 
the  back  end  so  that  they  are  normally  swung  up  out 
of  the  way  of  passing  cars,  but  an  approaching  loaded 
car,  with  its  selective  finger  set  for  a  station,  will  op- 
erate a  lever  and  throw  down  the  station  fingers  so  as 
to  remove  the  load  from  the  car. 

As  these  station  fingers  drop  only  to  an  inclination 
of  about  20  deg.,  the  load  will  slide  down  and  away 
from  the  fingers  to  an  inclined  shelf,  from  which  the 
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loads  can  be  removed  by  baud.  After  the  car  has 
passed  down  below  the  receiving'Station  it  operates  a 
lever  that  swings  tlie  receiving  station  fingers  up  and 
out  of  the  way  of  succeeding  cars  tmtil  the  approacli 
of  another  car,  whicli  has  its  selective  finger  set  for  this 
station. 

This  type  of  carrier  is  driven  either  by  a  grooveil 
sheave  wheel  or,  for  a  long  line,  by  a  grip  chain  drive 
as  described  for  the  bag  carrier.  This  carrier  has  been 
developed  with  a  cai-  as  large  as  12  in.  x  17  in.  to  take 
loads  of  15  to  20  lb.,  and  these  loads  are  generally  iian- 
dled  in  flat  trays  or  baskets  unless  the  loads  consist 
of  letters  or  papers  that  can  be  liandled  in  envelopes 
or  file  Mrappers. 

Sweep-off  C.vkriek. — Aiiotlier  type  of  carrier  known 
as  a  Sweep-off  Carrier  has  been  developed  more  espe- 
cially as  a  collecting  carrier  for  collecting  letters,  or- 
dei-s,  or  other  papers  from  a  considerable  number  of 
stations  and  delivering  tlieiii  to  a  limited  number  of 
receiving  stations  located  soniewliei-e  on  the  circuit  of 
tlie  line. 

In  this  conveyor  the  load  is  carried  in  a  basket  suj)- 
ported  from  a  two-wlieeled  car  running  on  a  single 
rail  with  guide  rails  below  to  keep  the  basket  from 
swaying.  The  material  to  be  sent  is  laid  upon  a  hori- 
zontal shelf  located  just  above  the  path  of  the  basket 
and  this  material  is  swept  into  the  basket  by  a  brush 
attached  to  the  ear  and  moving  with  it.  A  consider- 
able number  of  stations,  therefore,  can  be  served  by  ;i 
single  car. 

The  basket  of  this  carrier  has  a  hinged  bottom  and 
will  drop  its  load  into  a  hopper  when  the  car  bottom 
is  unlocked  at  the  delivery  station.  It  is  possible  to 
make  this  can-ier  selective  by  fui-nisliing  a  number  of 
separate  shelves  at  the  several  sending  stations.  The 
shelves  in  tiiis  case  are  normally  below  the  path  of  the 
car  and  are  brought  up  to  the  sweep-off  position  when 
the  projier  car  arrives  and  trips  the  holding  down 
catch. 

The  cars  are  provided  witli  pennanent  selective  de- 
vices, which  are  operated  by  the  receiving  stations  so 
as  to  trip  the  car  doors  on  the  basket  when  it  arrives  at 
its  own  station,  but  which  are  arranged  to  pass  all  the 
other  cars  which  deliver  at  other  stations.  This  type 
of  carrier  has  been  used  very  largely  in  Post  Offices 
to  handle  misdirected  letters  from  the  various  sorting 
cases  to  some  central  point  where  proper  addresses  can 
be  su]iplied  or  where  illegible  addresses  can  be  de- 
ciphered. 

Promptness  in  liandling  such  letters  will  generally 
prevent  the  letters  from  being  held  over  to  the  next 
delivery  and  sometimes  will  prevent  them  from  being 
held  over  to  the  next  day.  In  large  Post  Offices  this 
tv-pe  of  carrier  is  often  used  to  collect  the  Special  De- 
livery letters  from  the  facing  tables  and  from  the  o^ien- 
ing  tables  where  the  railroad  nuiil  is  received  and  to 
carry  these  specials  to  the  special  deliveiy  division. 


PNEUMATIC  CONVEYORS 

By  1-.  B.  WiLLi.^Ms,    Boston,  Mass. 
Member  of  the  Society 

The  first  successful  pneumatic  tube  system  was  put 
in  operation  previous  to  1S58  in  London,  England, 
with  a  114  in.  tube  650  ft.  long.  In  1858,  this  was  ex- 
tended with  214  in.  tubes.  From  then  on  tlie  system 
has  grown  rapidly  and  London  lias  now  many  miles  of 
despatch  tubes.  The  usefulness  of  this  sy.stem  lias  also 
been  extended  in  the  large  cities  of  England  and  Ger- 
many. The  transmission  of  telegraph  messages  by 
])neumatic  tubes  commenced  in  1S65.  Also  it  was  at 
about  this  time  that  pneumatic  tubes  were  first  used 
for  transmission  purposes  in  this  counti-y.  John  AVan- 


Fi(i.    1     \'iEW   i.N   A   Modern   Office   with   Pneum.\tic   Tube 
Connection  to  Each  Desk 

amaker's  store  in  Philadelphia  having  probably  had  the 
first  installation. 

There  are  three  systems  in  general  use,  known  as 
the  vacuum,  the  pressure,  and  the  vacuum-pressure 
systems.  Each  of  these  has  very  distinct  advantages 
^vhen  considered  from  the  standpoint  of  the  service 
required  and  other  determining  conditions. 

The  vacuum  system  in  its  simplest  fonn,  omitting 
the  power  plant,  consists  of  two  stations,  one  called  the 
central  station  and  the  other  the  out-station.  As  seen 
at  the  central  station  there  is  a  sending  and  a  receiv- 
ing tube  and  these  two  tubes  extend  to  the  out-station. 
Tlie  receiving  tube  at  the  central  station  is  connected 
to  the  suction  drum,  and  as  the  two  tubes  are  eon- 
i.ected  at  the  out-station,  they  form  one  air  circuit. 

A  carrier  placed  in  the  sending  tube  at  the  central 
.^t;ition  is  sucked  to'  the  out-station  and  there  dis- 
chaiged  by  means  of  a  suitable  tenninal.  The  air  is 
there  by-passed  to  the  other  tube,  in  which  it  returns 
lo  the  central  station  and  is  drawn  into  the  suction 
dram.  A  carrier  placed  in  what  is  the  sending  tube 
;it  the  out-statiou   is  sucked   to  the   central   desk  and 
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tlic'iv  disehai-ged,  while  tlie  air  is  by-passt'd  to  the  suc- 
tion drum.  In  this  way  communication  between  the 
two  stations  is  continuous ;  that  is,  carriers  can  be  sent 
from  each  station  to  the  other  at  the  same  instant — 
a  very  desirable  feature  wliere  tlie  service  is  lieavy,  as 
in  a  department  store. 

Vacuum  terminals  are  simpler  than  the  terminals 
for  other  systems  and  the  method  of  operation  by  ex- 
hausting the  air  is  more  economical  so  far  as  tlie  ex- 
penditure of  power  is  concerned.  But  the  working 
pressure  is  limited  to  something  less  than  14  II).  and 
there  might  be  conditions  which  would  iiiakc  tliat  in- 
sufficient. 

Tlie  pressure  system  is  just  the  reverse  of  the  vac- 


FiG.  2     A  Termin.u.  fob  a  Vacuvm-Pressure  Tube  System 

uum  system,  the  carriers  being  pushed  or  forced  by 
pressure  instead  of  being  sucked  or  pulled  to  their  des- 
tination. Of  course,  theoretically,  the  operation  of  the 
two  systems  is  similar  in  that  the  carriers  are  pro- 
pelled by  the  greater  pressure  behind  tliau  in  front  of 
them.  In  the  vacuum  system  the  power  is  applied  in 
front  of  the  carrier,  but  in  the  pressure  system  it  is 
applied  behind  the  carrier. 

Pressure  systems  are  used  in  carrying  the  U.  S.  mail 
in  many  of  tlie  larger  cities  in  this  country  and  two  of 
the  several  reasons  why  pressure  is  u.sed  instead  of 
vacuum,  are  first,  that  with  the  pressure  system,  small 
leaks  are  not  objectionable  save  that  they  are  a  direct 
loss  of  power,  wliile  with  the  vacuum  system,  a  leak 
underground  would  be  disastrous  to  tlie  working  of 
the  system  and  also  the  possible  entrance  of  moisture 
might  cause  damage  to  the  contents  of  the  carriers; 
second,  in  case  of  a  carrier  being  blocked  in  tlie  tube, 
the  pressure  can  be  reversed  and  raised  and  the  car- 
I'ier  often  blown  out,  while  with  the  vacuum  system 
the  greatest  vacuum  possible  might  be  entirely  inade- 
quate for  tliis  purpose. 

Pneumatic  tubes  on  the  pressure  system  now  pro- 


vide direct  connection  to  46  United  States  Post  OlBces, 
which  offices,  according  to  the  most  recent  Post  Office 
statistics,  sei-ve  a  dependent  population  of  5,881,000 
people.  In  these  pneumatic  tube  Post  Offices  are  em- 
ployed 6,120  clerks  and  3,131  letter  carriers,  and 
tlirough  the  tubes  are  weekly  carried  137,295,000 
pieces  of  mail  matter.  Mail  for  Post  Offices  beyond 
the  pneumatic  tube  districts  is  also  carried  as  far  as 
possible  by  tubes  and  then  transferred  to  wagons. 
Tliese  statistics  do  not  include  the  City  of  Philadel- 
phia or  the  Brooklyn  General  Post  Office.  Each  one 
of  these  Post  Offices,  because  of  its  pneumatic  tube 
connection,  gives  to  its  surrounding  population  the 
same  service  that  is  given  from  the  main  office  of  its 
city.  In  other  woi'ds,  the  pneumatic  tubes,  since  they 
are  practically  instantaneous,  make  the  sub-stations 
witli  which  they  are  connected  a  part  of  the  main 
olHce  of  the  citj'.  It  is  interesting  to  note  that,  assum- 
ing the  above  amount  of  mail  matter  to  be  carried  by 
tlie  tubes  for  52  weeks  a  year,  the  cost  of  carrying  by 
pneumatic  tubes  is  at  the  rate  of  ninety-two  pieces  mail 
matter  for  one  cent,  or  approximately  fifty-four  cents 
per  hundred  pounds. 

The  vacuum-pressure  system  is  used  where  the  serv- 
ice is  lighter.  In  this  system  the  carriers  are  drawn 
to  the  central  station  by  vacuum  and  blown  back  to 
the  out-stations  by  pressure. 

Here  might  be  mentioned  the  single-tube  pressure 
system  of  the  Lamson-Miles  type,  which  has  but  one 
tube  between  the  two  points  to  be  connected.  This  tube 
is  fitted  with  a  combined  despatching  and  receiving 
tenninal  at  each  end,  and  the  compressed  air  is  car- 
ried by  small  iron  pipes  to  the  terminals  at  the  ends 
of  the  tubes.  A  compres.sor  and  storage  tanks  supply 
and  maintain  the  power  for  operating  the  tubes. 
When  idle  the  tubes  are  normally  open  to  the  atmos- 
phere and  are  often  used  as  speaking  tubes.  The  use 
of  a  single  tube  saves  room  in  passageways  and  walls 
of  buildings,  frequently  a  matter  of  great  importance. 

When  a  carrier  is  to  be  transmitted,  air  pressure  is 
introduced  into  the  tube  behind  the  carrier  from  the 
storage  tanks,  in  which  pressure  is  maintained  by  an 
automatic  regulator,  that  controls  the  starting  and 
stopping  of  the  compressor.  The  compressor  automat- 
ically starts  when  the  pressure  drops  below  a  certain 
point  and  stops  when  it  has  produced  the  normal  work- 
ing pressure  of  the  system.  The  air  supply  pipe  is 
much  smaller  in  area  than  the  transit  tube  and  conse- 
quently while  the  carrier  is  on  its  course  the  air  under 
l^ressure  from  the  supply  pipe  expands  in  the  tube. 
Hence  if  a  carrier  tends  to  foul  in  a  bend  or  other  part 
of  the  tube,  it  offers  a  resistance  and  the  air  pressure 
behind  it  immediately  makes  up  to  tlie  pressure  carried 
in  the  supply  pipes  and  thus  tlie  carrier  is  automat- 
ically relieved  and  pushed  along. 

A  combined  receiving  and  despatching  terminal  is 
attached  to  the  ends  of  each  tube,  and  to  these  ter- 
minals are   also   connected   the   supply   pipes   so   that 
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the  air  pressure  can  be  admitted  to  the  tube  at  each  end 
and  carriers  can,  tlierefore,  be  despatched  alternately 
from  either  end  of  the  same  tube.  As  a  transmission 
takes  but  a  few  seconds,  no  practical  inconvenience 
is  experienced  by  using  one  tube  for  transmission  in 
opposite  direetions.  In  answer  to  the  question  as  to 
what  will  prevent  carriers  from  being  despatched  from 
both  ends  of  a  tub(^  at  the  same  time,  it  should  be  stated 
that  this  does  not  happen  because  the  tube  is  nonmally 
open  at  both  ends  and  when  a  cari-ier  starts  from  one 
cud,  the  free  air  in  the  tube  is  forced  ahead  of  the 
carrier  and  out  at  the  other  end  :  thus  a  carrier  cannot 
be  inserted   at   what  is  temporai'ily  the  receiving  end 


transit  without  tlie  use  of  electric  or  other  connections. 

The  tubes  used  for  the  transmission  of  carriers  are 
of  kalameined  steel,  brass,  or  aluminum.  The  sizes 
mostly  in  use  are  214  in-  and  3  in.  outside  diameter. 
Also  4  in.  tubes  and  3  by  6  in.  oval  tubes  are  largely 
used  where  the  material  to  be  transmitted  is  bulkier. 
The  bends  are  made  of  brass,  and  are  formed  by  cut- 
ting to  a  length  according  to  the  radius  of  bend  de- 
sired, filling  witli  water  and  while  under  hydraulic 
pressure,  bending  around  a  form;  the  operation  takes 
but  a  very  few  moments  and  a  perfect  bend  is  formed, 
with  the  section  absolutely  circular. 

Positive  rotary  blowers  are  used  in  the  majority  of 


Vui.  3     A   Large   Centkal   Desk   for   a   Dei'ahtment  Store   System 


until  the  traveling  carrier  is  expelled,  because  the  out- 
ward rusli  of  air  makes  it  impossible. 

Tile  operation  of  the  combined  receiving  and  des- 
patching terminal  is  as  follows :  After  a  carrier  has 
been  inserted  for  transmission,  a  gate  or  cover  nor- 
mally open,  is  closed  beliind  it,  which  closing  of  the 
cover  automatically  locks  it  in  place  and  at  the  same 
time  opens  an  air  valve,  i>ermitting  an  inrush  of  com- 
pressed air  behind  the  carrier.  The  compressed  air  ex- 
pands and  pushes  tlie  carrier  at  increasing  speed  to  the 
dischai'ge  end  of  tlie  tube,  wliere  it  is  deflected  by  a 
chute  into  a  suitable  receptacle.  A  simple  device  cuts 
off  the  air  pressure  at  the  despatching  end,  and  at  the 
same  time  the  closed  gate  or  cover  at  the  sending  end 
is  unlocked  and  the  tube  is  again  thrown  open  to  the 
atmosphere.  All  these  operations  are  accomplished 
by  the  back  pressure  of  the  air  behind  tlie  carrier  in 


the  plants  installed.  This  type  can  be  used  either  as  a 
pressure  blower  or  as  an  exhauster,  and  is  more  eco- 
nomical than  a  compressor  when  operating  against 
pressures  less  than  7  lb.  per  sq.  in.  The  style  of  blower 
used  consists  of  a  casing  in  which  two  impellers  revolve 
in  opposite  directions,  each  impeller  being  of  a  double 
lobe  section  symmetrical  with  its  shaft  and  the  two 
impellers  so  set  that  the  lobe  of  one  fits  into  the  recess 
of  the  other.  The  impellers  work  as  close  as  possible 
to  the  casing  so  as  to  prevent  loss  through  leakage,  and 
to  keep  them  at  their  proper  relative  speeds,  one  shaft 
is  driven  by  the  other  througli  a  pair  of  gears.  If  the 
system  is  of  the  vacuum  type  the  inlet  side  of  the 
blower  is  connected  to  the  galvanized  iron  suction  drum 
in  the  central  station,  if  of  the  pressure  type,  the  out- 
let side  is  piped  to  the  central  station,  and  if  of  the 
vacuum-pressure  type,  both  inlet  and  outlet  are  piped 
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to  separate  drums  in  the  central  station.  The  blowers 
are  usually  driven  by  electric  motors,  although  oc- 
casionally they  are  directly  connected  to  steam 
engines. 

Witli  many  of  the  vacuum  and  pressure  systems  a 
power  saving  device  is  used,  as  in  a  system  of,  say  40 
out-stations,  it  is  safe  to  say  that  the  greatest  number 
that  might  be  in  use  at  one  time  is  28,  and  power  must 
be  supplied  for  28  lines.  Ordinarily  but  4  or  5  are  in 
constant  use.  By  using  a  variable  speed  motor,  of  say 
four  to  one  range,  the  blower  can  be  made  to  supply 
power  for,  at  its  lowest  speed,  3  lines,  but  as  demands 
for  more  service  are  made  from  time  to  time  during  the 
day  the  motor  will  speed  up  until  tlie  maximum  of  28 
is  being  taken  care  of. 

When  the  power  control  system  is  used  on  vacuum 
Hues,  a  vacuum  of,  for  instance,  16  oz.  is  maintained 


Fig.  4    View  of  a  Blower  Plant  for  a  Small  System,  showing 
Automatic  Control  Board  and  Muffler 


in  the  suction  drum  at  all  times  irrespective  of  the 
number  of  lines  in  service.  This  constant  vacuum  is 
maintained  by  connecting  the  suction  drum  to  the 
upper  part  of  a  cylinder  in  which  is  a  weighted  piston, 
that  remains  balanced  and  stationary  as  long  as  the 
vacuum  above  it  equals  16  oz. ;  but  should  the  vacuum 
cirop,  by  opening  of  a  tube  for  the  transmission  of  a 
carrier,  the  piston  slowly  drops  and  at  the  same  time 
turns  the  field  rheostat  of  the  motor  so  as  to  speed  the 
blower  up  to  maintain  the  16  oz.  vacuum.  Should  a 
greater  vacuum  momentarily  exist  a  relief  valve  oper- 
ates to  reduce  it  to  the  proper  point. 

When  the  vacuum  in  any  one  of  the  lines  is  broken 
by  the  insertion  of  a  carrier,  a  device  at  the  end  of  each 
air  circuit,  called  a  power  control  device,  automat- 
ically keeps  the  line  open  long  enough  for  the  carrier 
to  reach  its  destination  and  then  "■  times  off,"  and  the 
line  comes  to  rest  and  so  remains  until  the  next  carrier 
is  inserted.  It  is  not  necessary  to  wait  until  one  car- 
rier has  reached  its  destination  before   inserting  the 


next;  tile  vacuum  in  the  line  will  take  care  of  several 
carriers,  and,  except  in  the  ease  of  a  very  long  line,  it 
would  be  almost  an  impossibility  to  overload  an  air 
circuit  because  the  carriers  travel  at  such  a  high  rate 
of  speed  that  they  would  begin  to  deliver  at  the  other 
end  before  the  critical  load  was  reached.  And  as  in 
actual  practice,  tlie  carriers  must  be  loaded  with  let- 
ters, messages  or  cash,  there  must  be  an  appreciable 
interval  of  time  between  each  transmission  of  a  carrier, 
and  this  prevents  any  one  line  from  being  overloaded. 
This  power-saving  device  is  of  the  vented  cylinder  and 
piston  type  and  is  very  flexible  as  it  can  be  adjusted 
for  varying  lengths  of  lines.  It  can  be  set  to  "  time 
anywhere  from  I14  seconds  to  2  minutes  to  accommo- 
date any  length  of  line. 

Fi'om  an  engineering  stand-point,  the  best  system  is 
one  that  uses  power  only  when  a  carrier  is  in  transit 
and  is  known  as  the  start  and  timing-stop  system. 
Tliis  system  is  operated  by  means  of  a  special  switch- 
hoard,  on  which  an  electric  circuit  is  closed  by  the 
insertion  of  a  carrier  in  the  terminal  for  transmission. 
;md  that  throws  in  tlie  main  power  circuit,  causing 
the  motor-blower  unit  to  automatically  start  up  and 
supply  the  necessary  vacuum  or  pressure,  as  tlie  case 
uiaj'  be,  and  it  does  not  stop  until  the  carrier  reaches 
its  destination.  If  several  carriers  are  sent,  even  from 
remote  parts  of  the  system,  the  power  is  supplied  until 
tlie  last  carrier  is  delivered. 

The  latest  improvement  is  the  "  power-saving  start 
and  timing-stop  system,"  which  is  similar  to  the  pre- 
vious system,  but  goes  one  step  farther  and  supplies 
power  according  to  the  number  of  lines  in  sei'\'ice.  If 
one  is  used,  power  for  one  is  supplied ;  if  half  a  dozen, 
tlie  power  unit  speeds  up  to  supply  the  proper  power 
for  those  six  lines  and  then  comes  to  a  stop  when  the 
last  carrier  is  delivered.  This  is  as  it  should  be;  in 
all  but  the  largest  systems,  there  are  a  great  many 
times  when  no  carriers  are  in  transit,  and  then  there 
are  times  when  there  may  be  several,  possibly  up  to 
the  capacity  of  the  system,  dispatched  at  almost  the 
same  time.  This  system  uses  only  as  much  power  as  is 
i-equired  to  transmit  the  carriers  and  shows  a  very 
great  saving  over  all  other  systems. 

The  tenninals  used  are  of  brass  and  bronze  construc- 
tion, except  in  some  of  the  largest  sizes  where  iron  is 
occasionally  used.  Most  of  the  terminals  used  on  the 
larger  vacuum  tubes  are  of  the  double-door  t^-pe,  in 
which  the  carrier  passes  through  two  valves  before  it 
delivers.  This  for  two  reasons:  One  is  that  the  noise 
is  eliminated,  and  the  other  is  that  the  momentum  of 
the  carrier  is  lessened.  Wlien  a  carrier  passes  from 
the  tube  into  the  terminal  it  passes  through  the  first 
valve  into  a  chamber  where  the  air  pressure  is  slightly 
below  atmospheric ;  its  momentum,  checked  by  its  pas- 
sage through  the  first  valve,  carries  it  through  the  sec- 
ond valve  into  the  atmosphere  and  to  the  recei\'ing 
basket.  The  noise  of  the  vacuum  terminals  was  one  of 
the  principal  objections  to  that  system  as  applied  to 
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large  tubes,  but  since  the  double-door  terminal  has  been 
perfected  there  is  no  annoyance  on  that  score. 

The  carriers  are  of  leather  except  those  used  in  de- 
partment stores,  which  are  of  metal  with  felt  heads. 
The  leather  caiTiers  are  made  in  various  lengths  with 
hard  felt  heads  and  are  of  both  closed  and  open  types. 
Tile  lengtlis  of  carriers  are  determined  by  two  factors, 
the  requirements  of  the  sei'vice  and  the  radius  of  the 
beuds.  A  carrier  8  in.  long,  for  a  3  in.  pneumatic  tube, 
requires  bends  of  2^4  ft.  radius,  and  a  carrier  10  in. 
long  requires  bends  of  Sy^  ft.  radius. 

It  is  often  a  serious  undertaking  to  lay  out  the  tubes 
and  bends  for  long  carriiT><  so  that  they  M'ill  not  be  uu- 


iu  rooms  dimly  illuminated  by  means  of  specially  col- 
ored electric  lights,  and  these  rooms  are  so  dark  that  a 
person  going  in  from  tlie  outside  would  be  almost  help- 
less. The  pneumatic  lube  service  is  effective  in  these 
rooms,  whereas  it  is  easy  to  see  that  a  messenger  serv- 
ice would  be  not  only  very  slow  in  comparison,  but 
very  greatly  handicapped  on  account  of  the  illumina- 
tion. 

One  of  the  essential  routine  requirements  of  a  fac- 
tory, large  or  small,  is  an  equipment  for  handling  mail, 
instructions,  orders,  and  blueprints  rapidly.  Unless 
the  method  of  distributing  the  mail  is  effective,  delays 
and  confusion  alwaj's  result.    This  is  particularly  true 
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sightly  or  interfere  with  the  design  of  the  building  in 
which  they  are  located.  The  modern  office  building 
has  usually  a  chase  or  riser  flue  that  is  available  for 
the  risei's  to  the  various  floors,  but  in  some  of  the  rein- 
forced concrete  buildings  and  those  of  the  mushroom 
type  of  construction,  the  difficidties  of  installation  are 
numerous. 

Pneumatic  tube  systems  are  used  principally  for  the 
transmission  of  ca.sh,  mail,  or  messages  of  an  intei'de- 
partmental  character.  Occasionally  they  are  used  for 
the  cariying  of  other  material,  as  in  the  Winchester 
works  in  New  Haven,  where  powder  is  delivered  to  the 
loading  machines  by  pneumatic  tubes.  The  Eastman 
Kodak  Company  has  an  extensive  sj'stem  of  tubes 
which  perform  a  sei'N'iee  that  would  be  almost  impos- 
sible to  duplicate  by  any  other  means.  Their  stocks 
of  films,  plates  and  bromide  and  other  papers  are  kept 


in  the  big  factories  where  often  more  mail  is  handled 
daily  than  passes  through  many  a  small  city  post  office. 
But  the  methods  adopted  by  these  large  establishments 
are  applicable  as  well  in  the  small  plant,  for  the  com- 
plete system  for  handling  the  mail  is  generally  built 
up  of  several  units,  any  one  of  which  can  be  advan- 
tageously adopted  in  the  smaller  factory.  Those  rea- 
sons of  economy  which  bring  refinement  in  the  large 
plant  are  just  as  effective  in  the  smaller  establishment 
where  their  importance  is  often  overlooked.  Pneu- 
matic tubes  bring  remote  buildings  side  by  side  for 
business  purpo.ses. 

An  interesting  industrial  application  of  pneumatic 
dispatch  tubes  has  recently  been  made  to  a  modern 
"  hump  yard  "  freight  terminal  which  due  to  the  pe- 
culiar governing  conditions,  has  resvilted  in  an  unusual 
economy.    The  saving  due  to  this  installation,  at  a  total 
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investment  of  less  than  -$10,000,  amounts  to  an  actual 
cash  saving  of  at  least  $500  per  day,  while  at  the  same 
time  an  increased  eftieieney  of  service  is  gained,  the 
value  of  which  is  incalculable  but  of  utmost  impor- 
tance (Figs.  5  and  6). 

Tliis  yard  is  located  at  Gibson  (near  Hammond), 
Indiana,  23  miles  southeast  of  Chicago  on  the  Chicago, 
Indiana  &  Soutliern  Railroad,  being  tlie  Chicago 
freight  terminal  of  the  New  York  Central  lines.  The 
function  of  this  yard  is  to  facilitate  the  distribution  of 
cars  from  incoming  trains  for  prompt  delivery  to  con- 
necting roads,  and  conversely,  to  assemble  into  out- 
going trains  the  cars  received  for  forwarding.     This 


Fig.  6     Terminal  used  on  the  "Hdmp"  Yaku  System 

is  accomplished  in  the  following  manner :  The  yard 
is  laid  out  as  an  East  yard  and  a  West  yard,  each  prac- 
tically a  duplicate  of  tlie  other,  and  consisting  of  series 
of  adjoining  tracks  with  connecting  ladder  tracks  at 
both  ends.  These  lead  respectively  east  and  west  from 
an  artificial  elevation  in  the  level  of  the  yard  between 
them,  and  a  car  upon  being  pushed  up  this  elevation 
by  a  locomotive  will,  after  getting  over  the  peak  or 
highest  point,  run  down  on  the  other  side  by  gravity 
where  it  may  be  switched  from  the  ladder  track  into 
the  yard  tracks  at  will. 

To  illustrate,  assume  an  incoming  train  to  consist  of 
50  cars  destined  for,  say,  20  different  connections,  the 
first  two  for  A,  the  next  one  for  B,  the  next  three  for 
C,  the  next  two  for  A,  and  so  on ;  the  engine  which 
has  brought  the  train  in  is  disconnected  therefrom  and 
a  switch  engine  pushes  it  up  the  hump  until  the  first 


two  cars  pass  over  the  peak  of  the  grade  and  run 
down  on  the  other  side,  where  they  are  switched  say 
to  track  No.  1,  followed  immediately  by  the  third  car, 
which  is  switched  to  track  No.  2,  this  in  turn  by  the 
next  three  cars,  which  together  are  switched  to  track 
No.  3,  the  next  two  ears  to  track  No.  1,  and  so  on  till 
all  cars  in  the  train  have  been  distributed  and  thus 
reassembled  directly  into  new  trains  with  practically  a 
continuous  and  uninterrupted  movement  of  care  in 
the  same  direction  aU  the  time. 

The  incoming  train  brings  the  forwarding  instruc- 
tions from  which  orders  covering  proper  distribution 
of  cars  are  made  out  by  the  clei'ical  force  at  the  main 
\ard  office  adjoining  the  Hump.  In  order  therefore 
to  insure  quick  handling  of  trains,  it  becomes  impera- 
tive to  have  forwarding  instructions  delivered  to  the 
office  and  the  orders  in  turn  delivered  to  the  train  and 
yard  erews  in  the  shortest  possible  time.  This  is  done 
tlirough  the  Yardmaster's  ofldees,  each  of  which  is 
nearly  a  mile  from  the  main  "  Hump  "  office  in  op- 
posite directions,  and  as  the  movement  of  trains  is 
directly  dependent  upon  these  orders,  it  follows  that 
any  delay  in  the  transmission  means  an  equal  delay  in 
the  despatching  of  trains,  with  a  direct  loss  of  an 
amount  equal  to  cost  of  train  crews.  Hence  the  im- 
portance of  the  time  element  is  at  once  apparent,  but 
the  extent  of  its  importance  will  be  better  appreciated 
Avhen  it  is  understood  that  the  railroad  management 
figures  the  cost  of  a  train  crew  at  $5  per  hour  and 
that  a  total  of  from  150  to  200  trains  are  handled  at 
this  yard  every  24  hours.  Messenger  boys  were  for- 
merly used,  and  even  at  best  the  time  for  transmission 
was  very  considei-able  owing  to  the  distance  to  be  cov- 
ered, the  character  of  roadway  and  the  natural  unre- 
liability of  such  service,  while  in  inclement  weather 
tlie  business  was  well  nigh  paralyzed. 

Since  the  installation  of  the  pneumatic  tube  system 
by  use  of  wliich  it  takes  less  than  three  minutes  to  con- 
vey messages  between  the  Yardmaster's  offices  and  the 
"  Hump  "  office,  and  which  have  proven  reliable  in 
all  kinds  of  weather,  there  has  been  saved  one-half 
hour  to  an  hour  (an  average  of  %  hr.)  in  the  time 
of  each  train  crew  from  which  the  direct  money  sav- 
ing figures  out  as  follows: 

Cost  of  train  crew,  34  hr.  @  $5  per  hour.     $3.75 

Trains   despatched   in   24  hrs.    (150  to 

200,  or  a  mean  of  175) 175  Trains 

Hence  dii'ect  money  saving  per  24  hrs. 
is  5  (dollars)  x  %  (hour)  x  175 
(trains  per  day)  equals  $656.25.  .  .$656.25 


Thus  the  figure  of  $500  per  day,  as  given  above,  is  a 
very  conservative  statement. 

The  system  is  of  the  straight  high  pressure  pneu- 
matic type,  with  diaphragm  latch  tenninal  and  sup- 
plementary time-off  device,  there  being  two  single  lines 
of  3  in.  kalameined  steel  tubing,  one  running  from  the 
"  Hump  "   office   to   the   East   Yardmaster's   office,   a 
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distance  of  4650  ft.,  and  the  otlu-i-  luiiiiiiig  from  the 
Hump  "  office  to  West  Yardmaster's  office,  a  dis- 
tance of  4350  ft.  The  tubing  is  laid  from  3  to  4  ft. 
underground  (frost  line  is  about  4'^  ft.  down),  joints 
being  made  with  sleeves  of  a  rust-proof  composition 
called  "  Toucan  Metal,"  and  the  wliole  is  heavily 
coated  with  aspluiltum  paint.  Tlie  terminals  are  of 
the  up-dischargc  type  with  vent-aetuated  pressure  tim- 
ing valve  and  special  long  timing  eonti'ol. 

Botli  ends  of  the  tubes  are  alike  and  are  normally 
open,  with  no  air  flowing.  In  sending,  a  carrier  is 
insi-i-ted  in  a  terminal,  the  clapper  closed  and  air  then 
admitted  behind  the  carrier  by  pressing  a  button, 
which  actuates  the  automatic  control  device,  by  which 
air  is  delivered  from  a  low  pressure  storage  tank  for 
a  pre-determined  period,  sufficient  to  insure  arrival 
of  carrier  at  other  end  of  tube.  Air  is  supplied  to  the 
storage  tanks  from  the  regular  railroad  service  for 
operating  switches,  signals,  etc.,  at  a  pressure  of  90 
to  110  lb.  at  the  compressor.  This  is  located  in  a  shop 
some  950  ft.  from  East  Yardmaster's  office  and  there 
is  a  loss  in  pressure  of  about  20  lb.  in  transmission. 
There  are  three  storage  tanks,  one  at  tlie  East  Y^ard- 
master's  office,  one  at  the  Hump  office  and  the  third 
at  West  Yai'dmaster 's  office.  The  air  is  brought  under- 
ground from  the  compressor  to  tlie  East  tank,  with 
branches  to  the  Hump  and  West  tanks,  to  each  of  which 
it  is  connected  through  a  5  in.  Cochrane  oil  and  w-ater 
separator,  a  1  in.  check  valve  and  a  1  in.  Mason  lever 
type  reducing  valve,  that  keeps  the  air  at  11  to  15  lb. 
pressure  in  the  tank,  depending  upon  conditions.  A 
lyo  in.  or  11/4  in-  pipe  leads  from  the  tank  to  the  pi-es- 
sure  timing  valve  on  the  3  in.  carrier  tube,  in  each  case 
giving  a  pressure  in  the  tube  behind  the  carrier  of  from 
G  to  10  lb.  The  tank  at  the  Hump  office,  about  5570 
ft.  from  compressor,  is  supplied  by  4650  ft.  of  2-in.  iron 
|)ipe,  and  connection  to  the  tank  is  made  in  the  order 
named  through  a  2-in.  cock,  a  5-in.  Cochrane  oil  and 
water  separator,  a  1-in.  check  valve,  a  1-in.  mason  lever 
type  reducing  valve,  and  a  2-in.  pipe.  The  pressures 
are  approximately  the  same  as  on  the  East  tank. 

Xo  extra  lielp  is  employed  in  connection  w'ith  the 
tube  system,  tlie  carriers  being  handled  by  the  clerks, 
who  make  out  the  orders.  The  total  number  of  car- 
riers transmitted  over  tlie  wliole  system  for  the  24 
hours  ending  at  1  p.m..  May  17,  1918,  was  by  actual 
count  220,  which  is  said  to  be  about  half  the  normal 
average  during  the  busy  winter  season.  The  cost  of 
maintenance,  including  all  labor  and  material  for  the 
entire  system  of  tubes,  supply  pipes,  etc.,  for  the  three 
months  of  .lanuary,  February  and  March.  1913, 
amounted  to  $17.92,  which  included  an  abnoimal  ex- 
jiensc  for  clearing  out  the  high  pressure  supply  pipes, 
necessitated  by  their  having  been  frozen.  (It  will  be 
uoted  above  that  the  pipes  were  not  laid  below  frost 
line.)  This  monthl.v  average  of  $5.97  is  therefore  high 
and  a  more  nearly  correct  figure  would  be  about  -$3 
per  month. 


MACllLXKUY  FOR    HANDLING   SMALL 
PACKAGES 

By  S.  L.  HaixeSj'  Boston,  Mass. 
Non-Member 

The  above  sub.iect  covers  a  vci'y  wiile  field,  and  in- 
volves many  classes  of  conveyor  machinery,  but  the 
intention  is  here  to  present  an  illustration  of  one  of 
the  latest  developments  in  this  line,  namely,  a  novel 
method  of  handling  magazines,  the  Saturday  Evening 
Post  and  the  Ladies'  Home  Joui'iial,  in  the  publishing 
house  of  the  Curtis  Publishing  Company,  Philadelphia. 
The  same  types  of  machinery,  modified  to  suit  condi- 
tions, may  of  course  be  used  for  the  handling  of  light 
boxes,  small  packages,  etc.  In  connection  with  the 
above  examples  I  will  also  show  the  manner  in  which 
the  mail  bags,  filled  with  the  above  magazines,  are 
handled,  by  means  of  the  various  types  of  elevators, 
lowerers,  conveyors,  etc. 

The  magazine  handling  equipment  consists  in  gen- 
ei'al  of  two  duplicate  lowering  machines  for  the  Home 
Journal,  and  two  duplicate  lowering  machines  for  the 
Saturday  Evening  Post,  with  a  belt  conveyor  distrib- 
uting system  in  the  delivery  room  for  each  pair  of 
conveyors.  Fig.  1  shows  the  arrangement  of  the  ma- 
chines as  actually  installed.  Two  of  the  lowerers  are 
vertical  machines  about  73  ft.  center  to  center  of  head 
and  foot  shafts  and  the  other  two  have  also  a  hori- 
zontal run  of  about  50  ft.  Each  lowering  machine  has 
two  steel  roller  chains  running  over  sprocket  wheels 
as  indicated,  and  have  corner  hung  steel  trays  sus- 
pended between  them  and  spaced  5  ft.  apart.  The 
trays  have  two  sides,  a  back,  and  bottoms  made  with  two 
slots  running  from  front  to  back  so  that  loading  and 
unloading  fingers  can  extend  well  back  into  them. 

The  loading  is  accomplished  by  automatic  loaders 
at  each  floor.  The  magazines  come  from  the  trimming 
machines  in  stacks  3%  in.  high  and  two  of  these  stacks 
are  placed  together,  one  with  the  backs  one  way  and 
the  other  with  the  backs  the  opposite  way,  making  a 
7  in.  stack.  These  7  in.  stacks  are  then  moved  to  the 
loading  points  where  an  attendant  places  them,  one  at 
a  time,  on  the  loading  fingers,  which,  when  at  rest,  are 
,iust  outside  the  casings  of  the  lowerers.  The  loadei^s 
are  set  opposite  the  ascending  line  of  trays  and  each 
one  is  operated  by  means  of  a  small  auxiliary  chain 
with  a  lug,  or  attachment,  which  engages  with  another 
lug  on  the  main  chain,  just  before  a  tray  passes,  thus 
working  a  crank  and  connecting  rod  mechanism  that 
moves  the  fingers  inward  and  directly  over  the  slots 
ill  the  tray.  Each  stack  of  magazines  is  then  picked 
up  by  a  tray,  carried  up  and  over  the  head  sprockets 
and  down  to  the  automatic  unloader  in  the  delivery 
room. 

In   onler   that   the   loaders   may   operate   only   when 
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magazines  are  placed  on  them,  the  lower  shaft  and 
sprocket  of  the  auxiliary  chain  are  arranged  in  such 
a  manner  that  ordinarily  they  are  back  far  enough 
so  that  tlie  lugs  will  not  engage  and  no  movement  of 
the  loader  takes  place.  It  is  part  of  the  duty  of  the 
attendant,  after  placing  a  stack  of  magazines  on  a 
loader,  to  throw  a  lever  which  moves  the  lower  shaft 
of  the  auxiliary  chain  forward  into  the  engaging  or 
operating  position. 

Further,  it  is  obvious  that  with  this  system  of  load- 
ing, it  would  not  be  possible  for  a  loaded  tray  to  pass 
loading  fingers  in  the  forward  position,  siiiec  tlie  slots 


one  of  whicli  is  sliown  in  Fig.  2,  are  located  in  the  de- 
livery room  on  the  first  floor,  the  ones  from  the  two 
Post  low-erers  delivering  to  a  single  wide  belt  conveyor 
running  between  the  mailing  tables,  and  the  ones  from 
the  Journal  lowerei's  delivering  first  to  a  short  belt 
conveyor  and  then  to  another  belt  conveyor  at  right 
angles  and  also  running  between  the  mailing  tables. 

At  the  pi'esent  time  tlie  lowerers  run  up  to  the  5th 
floor  with  loading  points  on  tlie  2nd,  3rd  and  4th 
floors,  but  they  have  been  built  with  the  idea  that  they 
may  some  day  be  extended  to  tlie  Sth  floor.  They  are 
operated  at  a  speed  of  60  ft.  per  iiiin.,  so  that  with  the 


.LOWERS    LADIES  HOM£  JOURNAL 


SATURDAY  EVENING  POST 


Flti.   1      DlAGR.\M  SHOWING  ARRANGEMENT  OF  A  LaRGE  INSTALLATION    OF    MAGAZINE    HANDLING    CoNVEYORS,  WITH   DETAILS 

OF  Loaders  and  Unloaders 


in  the  tray  bottom  would  be  covered  by  the  maga- 
zines. Since  loading  on  the  several  floors  at  the  same 
time  was  one  of  the  requirements,  it  was  necessary  to 
make  the  loaders  selective,  that  is  arrange  them  so  that 
they  would  pick  out  only  empty  trays.  This  was  ac- 
complished by  arranging  an  arm,  A,  Fig.  1,  at  each 
loader  so  that  it  would  pass  through  one  of  the  slots 
of  an  empty  tray  but  be  thrown  back  by  the  maga- 
zines of  a  loaded  tray  and  release  a  trigger  which  pre- 
vents the  loader  from  operating. 

The  unloading  is  accomplished  by  having  each  de- 
scending tray  deposit  its  load  of  magazines  on  two  nar- 
row moving  belts  which  extend  into  the  slots  in  the 
tray  bottom,  as  at  B,  ¥\g.  1.     These  unloader  belts. 


trays  .spaced  5  ft.  apait  tliis  means  a  maximum  of  12 
trays  per  minute.  A  7  in.  stack  includes  thirty-six 
92  page  Posts  or  fifteen  124  page  Journals,  so  that 
when  handling  magazines  of  this  size  each  lowerer  has 
a  maximum  capacity  of  25,920  Posts  or  10,800  Joiir- 
nals  per  hour. 

The  drive  for  the  two  lowerers,  which  is  operated 
by  one  Ti/o  li.p.  electric  motor,  is  arranged  so  that  the 
trays  will  deliver  their  loads  of  magazines  at  the 
proper  alternate  intervals  to  avoid  interference  when 
they  ai'c  delivered  to  the  same  belt  conveyor  in  the  de- 
livery room.  It  is  so  arranged  that  a  spare  motor  can 
be  thrown  in  on  short  notice  in  case  of  trouble  with 
the  other  motor.     The  two  belt  conveyor  systems  in 
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Room  Bags  to  the  Horizontal  Conveyor 


the  (Iclivfi-y  room  are  eat'li  driven  by  a  1  li.p.  motor. 

Tile  electric  control  system  is  arranged  so  that  the 
machines  can  be  started  and  stopped  from  any  floor 
and  each  lowcrer  is  equipped  with  counters  at  head 
and  foot  and  on  each  loader,  so  that  the  number  of 
stacks  of  magazines  can  be  accurately  counted  and 
also  that  the  counts  from  the  different  counters  checked 
up  to  see  that  they  tally  and  that  none  of  them  have 
been  tampered  with. 

The  mail  bags  are  tilled  at  the 
mailing  tables  in  the  delivery 
room,  taken  to  the  north  end  of 
the  room  and  either  stored  on  a 
mezzanine  floor  for  a  future  ship- 
ment, or  weighed  and  sent  out  at 
once.  Since  there  are  sevei'al  hun- 
tlrcd  of  these  bags  to  be  handled 
per  hour,  it  would  mean  consider- 
able labor  and  moi'e  or  less  confu- 
sion to  truck  them  all  the  way 
through  the  room,  besides  which  it 
is  necessary  to  take  f)art  of  them 
to  the  mezzanine  tlooi'.  It  was  de- 
cided, therefore,  to  install  three 
continuously  moving  chain  and 
arm  elevators,  located  at  con- 
venient   points,    and    an    overhead 


apron  cari-ier.  or  moving  platform,  running  to  the 
north  end  of  the  room  and  delivering  to  the  mezza- 
nine rioor.  The  attendant  dumps  the  mail  bags 
from  his  truck  at  the  foot  of  an  elevator,  they  are 
taken  up  and  delivered  to  the  apron  conveyor,  carried 
to  tile  north  end  of  the  room  and  deposited  on  the 
mezzanine  floor.  Here  a  second  man  either  places  the 
bags  in  a  certain  compartment,  according  to  their  des- 
tination, or  sends  them  down  a 
chute  to  the  weighers  on  the  first 
floor. 

These  elevators,  one  of  which  is 
shown  in  Fig.  3,  are  of  a  special 
design  arranged  so  as  not  to  ex- 
tend below  the  flooi'  level  and  yet 
be  easily  loaded  at  the  floor  level. 
The  chains  are  6  in.  pitch,  steel 
bushed,  steel  roller  cliains  and  at 
intervals  of  61/-;  ft.,  there  are  arms 
consisting  of  two  brackets  attached 
to  the  chain  with  pin  connections 
to  allow  of  flexibility  and  having 
curved  steel  plates  across  the  full 
width.  The  path  of  the  chains  is 
shown  in  Fig.  4.  When  an  at- 
tendant dumps  a  mail  bag  on  the 
steel    plate    just   abovi'    the    floor, 


Fig.  4    Details   ok   the   Mail  Bag  Elevator   and  Arrangement  of  the  Horizontal  Bag  Conveyor 
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Fig.   5     ^■IEW   of  the   Horizontal   Mail   Bag   Conveyor   in    Operation 


an  arm  comes  along  and  sweeps  it  up  around  the  curve. 
caiTving  it  up  and  discharging  it  at  the  upper  turn 
'  so  that  it  falls  on  the  steel  apron  conveyor. 

The   apron   conveyor,   a   view  of   which   appears   in 


Fig.  5,  is  made  up  with  two  12  in.  pitch,  steel  bushed, 
steel  roller  chains  with  corrugated  steel  slats  attached 
to  them  so  as  to  form  a  continuous  apron  3  ft.  wide. 
The  mail  bags  ride  along  on  the  apron  to  the  end  of  the 


5  feel  Chute  on  each  Fl. 


;■-  When  Fire  Door  is  Closed 
uhioadtng  fingers  ore  in 
this  position 


Nofe: 


-Approx.  9-0"C.foC. 
DETAIL  OF  TRAY 


The  numbers  on  Trai^  denote  the  Floor  to  wtiich  the  : 

Package  is  to  be  unloaded  and  they  must  be  placed 

in  the  right  position  to  get  to  their  Destination 

Haxirnum  Load  on  Trays  =  150 

Speed  60  Ft  per  Mi  n. 

Capacity  5000  Packages  per  l^our 


"iiii' 
SIDE    ELEVATION 


Fig.  6  Detail.^  of  the  Compartme.nt  Lowerer  de.signed  for 
Delivering  Packages  prom  any  Floor  of  a  Building  to 
any  other     Floor  de.sired 


254   THE     POWER     PROBLEM     IN     THE     ELECTROLYTIC     DEPOSITION     OF     METAI>S,     H.     E.     LONGAVELL 


conveyor  and  tall  ol!  into  a  eliutc  as  the  chains  pass 
around  the  sprocket  wheels. 

The  apron  conveyor  is  166  ft.  long  and  operates  at 
a  speed  of  80  ft.  per  miu.  It  is  driven  by  a  10  h.p. 
motor,  and  the  speed  reductions  from  tliis  motoi-  and 
also  from  the  elevator  motors  are  made  by  silent  chain 
drives  from  the  motors  to  the  first  counter  shafts  and 
then  with  cut  gears. 

Each  elevator  is  driven  by  a  8  h.p.  motoi',  and  at  a 
speed  of  65-ft.  pei-  mill.,  lias  a  capacity  of  600  mail 
bags  per  hour,  the  inaximinn  weight  of  the  bags  being 
about  200  lb. 

Fig.  6  shows  a  later  tj-pe  of  elevator  and  lowt-rer, 


known  as  the  compartiuent  lowerer.  It  will  be  seen 
that  the  tray  of  this  conveyor  is  made  up  of  live  com- 
])artinents.  and  the  building  in  wliieli  it  is  used  is  five 
stories  high.  The  machine  is  used  where  boxes  are 
loaded  from  various  floors  and  it  is  the  wish  to  unload 
at  various  tloors.  Each  compartment  has  a  ntimber 
(corresponding  to  a  different  floor.  ^Material  put  on  at 
any  floor  and  assigned  to  the  fourth  flooi-,  would  of 
course  be  put  in  the  fourth  comi)artment,  and  at  that 
point  would  be  automatically  discharged  by  the  roller 
fingers  as  shown  opposite  the  fire  door  openings.  The 
speed  is  60  ft.  per  min.  and  the  capacity  about  3000 
packages  per  hour. 


THE   POWER   PROBLEM  IN  THE  ELECTROLYTIC  DEPOSITION 

OF   METALS 


BY  H.  K.  LONGWKLL,   PITTSBIKGH,  P.\. 
Member  of  the  Society 


CT^ HE  ini  <  tiny  of  the  Society  in  New  York  on  Jaiiu- 
-*  a)-y  I),  1914,  ivas  a  joint  meeting  with  the  Ameri- 
tcan  Institute  of  Electrical  Engineers  and  the  American 
Electrochemical  Society,  at  whieh  was  held  a  sympo- 
sium on  the  subject  of  Electrolytic  Deposition  of  Metals. 
Lawrence  Addieks,  Mem.Am.Soc.M.E.,  representing 
the  American  Electrochemical  Society,  delivered  a 
paper  on  Limitations  of  the  Problem  of  Electrolytic 
Deposition,  while  F.  D.  Neivburii,  of  the  Anurieun  In^ 
stitutc  of  Electrical  Engineers,  presented  a  paper  on 
Sources  of  Direct  Current  for  Electrochemical  I'roe- 
essis.  n.  E.  Longwell,  Mem.Am.Soc.M.E..  n  ad  a  paper 
on  the  Power  Problem  in  Electrolytic  Deposition  of 
Mifals,  in  ivhich  he  discussed  som(  interesting  ph<ises 
of  the  problem  of  power  production  iu  industries  of 
this  class.  If  IS  ri  marks  an  pn  si  nidi  hiloir  in  abstract 
form. 

In  dealing  with  any  technical  iirohlem.  conunon  sense 
is  most  useful ;  but  technical  knowledge  without  com- 
mon sense  is  disasti-ous.  1  want  to  emi>hasize  the  fall- 
lacy  of  attaching'  too  nuicli  imiiortance  to  the  qtiestion 
of  mere  fuel  economy  in  a  power  plant,  because  I  think 
there  is  a  little  tendency  in  this  direction  iu  the  pre- 
sentation of  the  problem  that  has  been  submitted  as  a 
foundation  for  this  discussion.  Sundry  estimates  are 
subiiiitted  as  repi'esenting  the  problem  cost  of  steam 
and  ilcrtrical  energy,  exclusive  of  administration, 
taxes,  dejirecnation  and  interest  charges.  The  items  of 
interest,  taxes,  insurance  and  depreciation,  or  more 
exactly,  amortization,  are  too  important  to  be  ignored. 
These  so-called  fixed  charges,  or  investment  costs,  are 
in  general  greater  in  amount  than  the  total  cost  of  la- 
bor, operating  supjilies  and  maintenance.  They  are 
especially  significant  in  that  they  measure  the  cost  of 
fuel  economy. 


To  illustrate,  let  tis  consider  the  probable  compara- 
tive jierformances  of  a  high  grade  steam  turbine  plant, 
and  a  gas  engine  and  producer  plant,  consisting  of 
several  1500  kw.  generating  units.  The  electrolytic  re- 
fining industry  offers  any  investment  in  the  interest  of 
economy,  an  unustially  favorable  opportunity  to 
"  make  good,"  becatise  the  investment  is  permitted  to 
work  at  its  utmost  intensity  continuously  24  hours  per 
day  every  day  in  the  week. 

Asstiming  the  fuel  to  be  the  highest  grade  of  bitu- 
minous or  semiliittiminous  coal,  having  a  calorific  value 
of  14r)00  B.t.ti.  per  lb.,  the  gas  engine  and  jn-odueer 
plant,  would,  under  test  conditions,  effect  a  saving  of 
U,  lb.  of  coal  per  kw-hr.  over  the  tur])ine  jilant.  or  say 
2  tons  per  annum.  If  the  coal  costs  as  much  as  $3  per 
ton  this  would  mean  a  saving  of  $6  per  kw-year. 

The  gas  engine  and  producer  plant  will  cost  about 
.$50  i)er  kw.  more  than  the  steam  turbine  plant,  and  the 
question  arises  as  to  whether  it  is  worth  while  to  in- 
vest .iiSO  in  plant  to  save  .$6  a  year.  Naturally  there 
will  be  differences  of  opinion  as  to  what  would  consti- 
tute an  attractive  return  on  this  extra  investment.  For 
my  own  part,  I  shotild  want  6  per  cent  for  interest,  1 
per  cent  for  taxes,  1  per  cent  for  insurance,  and  2  per 
cent  for  maintenance.  Having  due  regard  to  the  ap- 
palling speed  with  which  new  things  in  engineering 
become  old,  I  shouldn't  feel  comfortable  unless  I  had 
a  sinking  fund  of  8  per  cent  to  provide  for  the  safe  re- 
turn of  my  capital.  The  sum  of  these  items  amounts 
to  18  per  cent.  Even  with  this  gross  return  assured,  I 
think  I  should  be  inclined  to  regard  a  6  per  cent  rnort^ 
gage  as  a  more  attractive  investment.  In  my  own 
opinion  the  gross  return  should  be  not  less  than  20  per 
cent  per  annum,  so  that  this  saving  of  $6  per  kw-year 
would  be  too  expensive  if  it  required  an  extra  invest- 
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merit  of  more  tluui  -$30  per  k\v.  in  plant  equipment. 
Those  wlio  are  interested  in  the  determination  of  the 
true  cost  of  electrical  energy  will  ])rofit  by  reading  a 
paper,  Standardization  of  I\Ietliod  for  Determining 
and  Comparing  Power  Costs  in  Steam  Plants,  pre- 
sented jointly  by  Messrs.  H.  G.  Stott  and  W.  V.  Gor- 


tlie  problem,  if  live  steam  were  used  for  heating  the 
electrolyte,  tlie  total  steam  from  the  boilers  would  be 
used  as  follows :  One-half  for  electric  power  generator, 
one-quarter  for  steam  driven  auxiliaries,  and  one-quar- 
ter for  lieating  tlie  electrolyte.  Steam  driven  auxilia- 
ries are  not  as  a  rule  so  efficient  that  they  abstract  any 


Fig.   1     Sectional  View  through  a  typical  expansion  .steam  turbine  of  the  Parsons  tvpe 


such,  at  the  June  1913  meeting  of  the  American  Insti- 
tute of  Electrical  Engineers. 

Witli  respect  to  the  type  of  power  plant  best  suited 
for  the  electrolytic  refining  of  copper,  I  tliink  we  may 
safely  eliminate  the  gas  engine  equipment  from  serious 
consideration.  If  the  plant  will  be  located  where  there 
is  an  abundant  water  supply  available  for  condensing 
purposes,  and  where  the  cost  of  fuel  is  reasonable,  such 
as  to  enable  a  steam  plant  to  display  its  best  economy, 
the  gas  engine  plant  would  be  a  doubtful  investment, 
even  were  tliere  no  especial  reason  wliy  it  is  not  desi- 
rable for  this  particular  class  of  work.  Tliere  appears, 
however,  to  be  one  reason  why  the  proposition  is  pecu- 
liarly one  for  a  steam  plant,  whicli  is  based  on  jircmises 
supplied  by  those  actively  engaged  in  electrolytic  cop- 
per refining.    According  to  Mr.  Addicks"  statement  of 


serious  amount  of  heat  from  the  steam  passing  through 
them,  so  that  for  the  puiijose  of  heating  the  electro- 
lyte, the  exhaust  from  these  auxiliaries  would  be  prac- 
tically as  effective  as  an  equal  quantity  of  boiler  steam. 
Therefore  the  boiler  steam  required  for  auxiliaries  and 
for  heating  the  electrolyte,  would  be  ai)proximately  ^)0 
per  cent  of  the  amount  recpiired  for  generating  the 
electric  current. 

I  am  informed  by  the  general  manager  of  one  of  the 
largest  refineries  in  tliis  country  that  in  a  plant  having 
an  output  of  .^)00  tons  of  refined  copper  per  day,  the 
waste  lieat  boilers  connected  to  the  reverberatory  iwv- 
naces  forming  a  part  of  such  a  plant,  should  be  cap- 
able of  supplying  50,000  lb.  of  steam  jier  liour.  This 
is  somewhat  over  40  per  cent  of  the  steam  required  by 
the  main  trenerating  units,  or  practically  enougii  to  oji- 


FiG.  2    A   1500-Kw.   gear-driven  turbo-generator  installed 

BESIDE     A     RECIPR0C.\TING     ENGINE     SET     OF     SAME     NOMINAL 

capacity 


Fig.  3  A  yuUU-Kw.  gear-driven  direct-current  turbo- 
generator operated  BY"  THE  CLEVELAND  ELECTRIC  IlLUM- 
iNATiNf:  Company' 
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eraU'  all  of  the  auxiliaries  that  would  usually  be  run 
by  independent  stcain  motors  in  a  steam  driven  plant, 
and  the  exhaust  fi'om  these  auxiliaries  would  take  care 
of  the  heating  of  the  electrolyte.  This  quantity  of 
steam  is  too  important  to  ignore  and  even  though  gas- 
engine  driven  main  generating  units  were  installed  it 
would  be  necessary  to  make  use  of  this  steam  from  the 
waste  heat  boilers. 

As  I  understand  it,  the  practical  dilBculty  arises 
from  the  fact  that  while  the  tanks  are  operated  con- 
tinuously, it  is  not  usual  to  run  the  furnaces  on  Sun- 
day. Consequently  it  would  Ije  necessary  to  have  a 
considerable  boiler  plant  in  reserve  to  be  o])erated  only 
one  day  in  each  week  foi-  the  purpose  of  tiding  the 
plant  over  .Sunday.  And  so  even  if  there  were  no 
(|Ucstion  as  to  the  couniiercial  economy  of  a  gas  engine 


figures.  It  is  not  denied  that  this  combination  has  its 
legitimate  uses,  but  it  is  most  certain  that  mature 
judgment  is  recpiiied  for  determining  the  conditions 
under  whieli  it  may  be  recommended. 

Admitting  tlie  hypothetical  economy  of  the  combi- 
nation, let  us  consider  the  features  that  tend  to  offset 
tliis  advantage.  We  have  fii'st  increased  initial  cost. 
A  low-pi'essure  turbine  will  in  many  instances  cost  75 
to  80  per  cent  more  per  kw.  than  a  complete  expan- 
sion tui-bine.  That  this  is  reasonable  may  be  seen  read- 
ily by  an  inspection  of  Fig.  1,  which  is  a  sectional  view 
through  a  typical  expansion  steam  turbine  of  the  Par- 
sons type.  Let  \is  assume  that  the  capacity  of  this  ma- 
chine is  3000  kw.  What  we  must  do  to  convert  this 
3000-kw.  turl)ine  into  a  low-pressure  turbine  of  half 
this  capacity,  is  simjily  to  cut  out  that  portion  included 


Fll.;.    -1       .\     i."jO-K\\.    c.I,AK-IjK1\  K.\    DIKEeX-CUKKENT    TUKBO-GENERATOR    IN    U.SE    BY    THE    LoUISVILLE    ifc    Xa.'^HVILLE    U.   R. 


and  producer  plant  as  a  general  proposition,  this  one 
practical  operating  condition  would  be  sufficient  to  rob 
it  of  all  of  its  theoretical  advantages.  In  a  steam  plant 
the  regular  boiler  equipment  is  so  flexible  that  it  will 
readily  take  care  of  the  fluctuations  in  the  output  of 
the  waste  heat  boilei-s.  Since  with  modern  mechanical 
stokei-s  it  is  not  unusual  to  force  boilers  to  200  and  300 
per  cent  of  their  normal  rating,  it  is  evident  that  no 
decidedly  disproportionate  boiler  equipment  would  be 
required  to  carry  the  plant  over  the  weekly  interval 
in  which  the  waste  heat  boilers  are  out  of  commission. 
The  combination  of  a  compound  reciprocating  en- 
gine exhausting  into  a  low-pressure  condensing  tur- 
bine looks  on  first  consideration  to  be  inviting,  since  it 
is  generally  admitted  that  between  the  limits  of  the 
usual  l)oilei-  pressure  and  atmospheric  exhaust  pres- 
sure, a  reciprocating  engine  is  usually  more  efficient 
than  it  is  (Mistoniary  to  make  the  portion  of  a  complete 
expansion  turbine  tiiat  takes  care  of  tliis  part  of  the 
pressure  range.  While  the  superior  fuel  economy  of 
this  combination  seems  very  ajjparent  from  purely 
theoretical  considerations,  there  is  comparatively  little 
available  itifoi-mation  regarding  its  amount  in  actual 


between  the  two  vertical  lines  AB  and  CD,  and  in- 
crease the  inlet  opening  some  six  or  eight  times.  Now 
it  does  not  require  any  unusual  qualifications  to  see 
that  the  part  eliminated  does  not  by  any  means  repre- 
sent one-half  of  the  cost  of  the  3000-kw  machine. 
Neither  would  any  one  of  reasonable  intelligence  ex- 
pect to  purchase  1500-kw.  capacity  in  a  reciprocating 
engine  for  any  sum  remotely  approaching  the  cost  of 
the  section  that  has  been  eliminated  from  the  complete 
expansion  turbine.  Again,  no  one  would  seriously 
claim  that  the  expense  of  installing  the  combination 
unit  would  be  less  than  twice  that  of  installing  the  sin- 
gle complete  expansion  unit,  and  no  one  would  suggest 
that  the  charges  for  attendance,  maintenance  and  op- 
erating supplies  would  be  approximately  equal  for  the 
two  units. 

There  are,  doubtless,  cases  in  which  the  possibility 
of  consei-ving  reciprocating  engines  already  in  use 
would  justify  this  combination  type  of  unit,  but  in  a 
plant  that  is  new  throughout  its  desirabilit.y  is.  to  say 
the  least,  highly  problematical.  Tlie  most  important 
installation  of  combination  units  in  the  world  was  car- 
ried out  under  the  direction  of  Mr.  Stott.     He  had  the 
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justification  of  eonserviug  valuable  reciprocating  eu- 
gine  equipment  which  was  in  excellent  physical  condi- 
tion, and  there  can  be  no  question  that  the  best  pos- 
sible engineering  judgment  was  exercised  in  designing 
and  executing  the  project. 

As  regards  the  comparative  merits  of  compound  auci 
triple  expansion  reciprocating  engines,  and  turbines, 
as  prime  movers,  the  trend  of  general  practice  in  power 
plant  design  sliows  pretty  conclusively  that  the  turbine 
has  the  advantage.  It  has  economic  possibilities  equal 
at  least  to  those  of  the  reciprocating  engine,  and  mark- 
edly better  when  working  witli  the  high  vacuums  ob- 
tainable with  the  newer  types  of  condensing  apparatus 
and  the  copious  supply  of  cooling  water  that  is  inva- 
riably found  in  places  that  would  be  regarded  as  fa- 
vorable locations  for  electrolytic  copper  refining 
plants. 

I  speak  of  the  economic  possibilities  of  a  certain  type 
of  prime  mover  rather  than  of  its  inherent  economy, 
because  the  latter  is  inseparably  associated  with  the 
type.  A  prime  mover  is  not  economical  simply  because 
it  is  a  compound  engine,  a  triple  expansion  engine  or  a 
turbine,  but  because  it  is  economical  by  design.  Tliere 
are  hundreds  of  triple  expansion  engines  that  are  less 
economical  than  some  compound  engines.  In  fact  I  am 
not  sure  that  there  are  authentic  records  of  triple  ex- 
pansion engines  which  show  sufficient  improvement 
over  the  economic  results  of  the  best  examples  of  two- 
cjdinder  compound  engines  to  justify  the  added  com- 
plication and  expense  of  the  third  cylinder  and  its 
connections. 

It  is  possible  to  design  a  turbine  that  will  be  less  eco- 
nomical than  a  very  ordinary  multiple  expansion  re- 
ciprocating engine.  On  the  other  hand  turbines  are 
built  tliat  under  suitable  operating  conditions  give 
economic  results  that  cannot  be  equalled  by  reciprocat- 
ing engines  of  any  type,  however  skilfully  designed,  if 
operated  under  the  same  conditions.  The  advocates  of 
the  turbine  can  afford  to  be  unnecessarily  modest,  and 
claim  no  more  than  equality  with  other  types  of  prime 
mover  as  regards  steam  economy,  for  there  remain  still 
the  unquestioned  advantages  of  lesser  cost,  and  smaller 
installation  expenses. 

For  some  years  the  turbine  was  at  a  disadvantage  in 
plants  in  wliich  it  was  desirable  to  generate  direct  cur- 
lent,  for  the  reason  that  the  rotative  speed  of  an  effi- 
cient steam  turbine,  and  the  rotative  speed  of  a  reli- 
able efficient  direct-current  generator  are  not  compat- 
ible. This  inability  has  happily  been  removed  by  the 
development  of  a  reliable  transmissiosi  gear,  wdiich  al- 
lows any  reasonable  speed  ratio  between  the  turbine 
and  the  generator.  This  gearing  has  an  efficiency  of 
over  98  per  cent,  and  has  been  in  public  use  long 
enough  to  demonstrate  that  in  point  of  reliability  and 


durability  it  is  at  least  on  a  par  witli  any  other  kind 
of  apparatus  installed  as  a  part  of  an  electric  power 
plant. 

Fig.  2  is  a  view  of  one  of  two  ISOO-kw.  geared  sets 
installed  at  San  Diego,  Cal.  Tlu;  illustration  gives  a 
good  idea  of  tlie  size  of  this  unit  as  compared  with  an 
engine  driven  set  of  approximately  the  same  nominal 
capacity.  One  of  these  sets  was  in  regular  service  two 
years  on  September  3,  1913,  and  the  second  was  in 
service  two  years  on  Februai-y  15,  1914.  Fig.  3  shows 
one  of  two  3000-kw.  geared  direct-current  turbo-gen- 
erator sets  installed  for  the  Cleveland  Electric  Illumi- 
nating Comjjany.  One  of  these  sets  was  put  in  service 
a  year  ago  January  20,  1914.  It  is  fair  to  say  that 
in  this  case  the  exhaust  of  the  turbines  is  used  for  dis- 
trict heating,  and  the  units  operate  only  during  the 
heating  season.  Fig.  4  shows  a  750-kw.  set  owned  by 
tlie  Louisville  &  Nashville  Railroad  Company,  which 
has  been  in  service  just  about  one  year.  In  addition 
to  the  sets  illustrated,  I  might  mention  six  others  of 
750  and  1500  kw.  capacity,  all  of  which  have  been  in. 
regular  service  for  more  than  two  years,  and  the  oldest 
of  which  will  have  been  in  service  three  years  on  April 
4,  1915. 

While  tlie  geared  direct-current  unit  costs  more  than 
an  alternating-current  turbo-generator  unit  of  the 
same  capacity,  it  is  cheaper  and  somewhat  more  efiS- 
cient  than  the  combination  of  an  alternating-eiirrent 
unit  and  rotary  converter.  I  am  not  in  possession  of 
reliable  costs  for  compound  reciprocating  engine- 
driven  units,  but  commercial  experience  indicates  that 
the  geared  turbine-driven  unit  has  an  advantage  as 
regards  price  at  the  factory.  With  freight  and  instal- 
lation costs  added,  tiie  advantage  is  obviously  more 
marked. 

Figures  purporting  to  give  probable  plant  and  unit 
power  costs  are  as  a  rule  unsatisfactory  because  they 
are  affected  by  too  many  variable  factors.  As  regards 
plant  cost,  it  might  be  said  that  depending  on  the  ex- 
pensiveness  or  simplicity  of  one's  architectural  tastes, 
his  luck  in  selecting  a  contractor,  his  resourcefulness 
as  a  designer,  his  finesse  as  a  buyer,  the  accessibility  of 
the  site  selected,  the  state  of  the  weather,  etc.,  he  ought 
to  be  able  to  build  a  really  good  turbine-driven  plant 
of  from  6000  to  9000  kw.  capacity,  for  around  $75  per 
kilowatt. 

As  regards  the  cost  of  power :  if  one  is  satisfied  with 
investment  charges  of  101,4  per  cent  per  annum,  if  he 
can  buy  really  good  coal  at  not  to  exceed  .$8  per  ton, 
if  he  is  a  capable  manager  and  a  careful  operator,  and 
reasonably  economical,  he  ought,  with  a  plant  of  this 
size,  to  be  able  to  produce  a  kw-hr.  at  the  switchboard 
with  substantially  100  per  cent  load  factor,  for  around 
4.3  mills. 


NOTES  OX  THE  EEOW  OE  OIE   IX  PIPES 


BV  K    1     DYKU,'  SAN  I- KANCISCO,  CAL. 

Noii-Mt-iril)rr 


j^  T  (I  meeting  of  flu  Smi  Francisco  S:  clion  of  IIk 
-^-*  Am.Hoc.M.E.,  Ik  Id  Fcbruarij  JO,  the  topic  for 
discussion  ivas  The  Transportation  of  Crude  Oil  in  Pipe 
lAnes.  K.  I.  Dyer,  cngineer-in-chief  for  the  Union 
Oil  Company  of  Ccdifornia,  led  the  discussion  by  read- 
ing a  paper  prepared  with  special  reference  to  experi- 
mental work  on  one  of  the  oil  pipe  lines  of  his  company, 
to  determine  the  various  factors  influencing  the  loss 
due  to  friction  in  pumping  oil  through  pipe  lines,  and 
the  derivation  of  formulae  by  which  the  friction  losses 
could  he  calculated.  An  abstract  of  ih<  pupir  iind 
ri port  of  the  meeting  is  given  herewith. 

An  oil  pipi'  Hue  is  j)riinarily  an  investment,  and  as 
such,  exists  for  the  puipose  of  enabling  its  owuei's  to 
derive  protit  either  directly  from  the  operation  of  the 
line  itself,  or  from  otlier  associated  enterprises.  The 
time  element  has  always  been  an  important  considera- 
tion in  its  construction.  In  this  state,  the  production 
of  oil  has  increased  at  such  a  rapid  rate  and  with  such 
suddenness  at  times,  that  it  has  been  absolutely  neces- 
sary to  build  long  pipe  lines  on  short  notice,  and  these 
■conditions  have  unfavorably  influenced  their  design  by 
putting  a  premium  on  practice  which,  while  not  usu- 
ally preventing  the  pipe  line  from  being  constructed 
witli  reasonable  certainty  of  success  as  an  investment, 
has  too  frequently  not  residted  in  the  most  profitable 
investment  possible. 

Fortunately,  undertakings  of  tliis  character  have 
been  safeguarded  as  a  rule  by  a  variety  of  favorable 
cireuinstanees  tending  to  offset  mistakes  of  design,  (^ne 
of  tliese  has  been  tlie  absence  of  competition,  due  to  the 
costly  nature  of  operations  on  a  scale  sufficiently  large 
to  render  such  competition  eft'ective,  and  another  has 
been  that  experience  has  developed  an  empirical  prac- 
tice which  provides  reasonable  protection  against  a  con- 
sidei'able  variation  in  i)hysical  conditions.  As  a  rule, 
buildei's  of  pipe  lines  have  been  content  to  follow  close- 
ly in  the  footsteps  of  others,  so  that  we  see  on  every 
hand  too  much  slavisli  imitation  and  rule-of-thumb 
engineering,  with  too  little  evidence  of  initiative.  As 
a  matter  of  fact,  the  immense  number  of  variables  to 
be  dealt  with,  particularly  with  California  oils,  is 
enough  to  warrant  a  great  deal  of  conservatism.  The 
in'cessity  foi-  quick  action  has  made  designers  of  pipe 
lines  the  victims  of  circumstances,  and  the  multifarious 
duties  e.\acted  of  most  engineers  connected  with  oil 
companies,  together  witli  a  general  lack  of  sympathy 
with  research  work,  luis  discouraged  investigation  of 
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the  finidaiiiriital  vari;ihlcs  whieh  are  at  the  bottom  of 
all  pipe  line  design. 

Hence  it  is  that,  as  a  ride,  the  oil  pipe  line  in  Cali- 
fornia, regarded  either  as  an  investment  or  as  a  purely 
physical  problem,  does  not  always  represent  the  best 
l)ossible  solution  that  might  be  made  for  exactly  the 
same  conditions.  The  most  economical  pipe  line  for  a 
given  service  cannot  be  determined  in  advance  without 
a  working  knowledge  of  the  laws  governing  the  flow  of 
oil  in  pipes  in  general.  The  determination  of  these 
laws  offers  the  most  important  single  problem  in  con- 
nection with  pipe  line  work.  Everytliing  else  depends 
on  it.  Unless  the  lo.ss  of  head  by  friction  can  be  pre- 
determined with  reasonable  accuracy,  every  element 
entering  into  both  the  first  and  tlie  0])erating  costs  of 
an  installation  is  uncertain,  and  should  the  design  be 
undertaken  in  an  era  of  keen  competition  and  small 
margins  of  profit,  a  losing  venture  might  easily  result. 

In  view  of  the  importance  of  this  j)liase  of  the  sub- 
ject, this  discussion  is  confined  as  far  as  possible  to 
points  bearing  upon  the  friction  head  in  oil  pipe  lines. 
Neither  a  full  nor  a  general  analysis  is  attempted,  nor 
is  anything  oft'ered  jnirporting  to  be  a  complete  and 
final  solution  of  the  problem.  The  information  offered 
is  of  a  fragmentary  and  tentative  character,  based  on 
obsei'vations  unfortunately  subject  to  considerable 
error,  as  will  ajipear  later,  and  it  is  lioped  that  it  will 
promote  discussion  and  stimulate  investigations  wliich 
tile  importance  of  the  subject  demands,  and  if  possible, 
at  the  same  time,  be  suggestive  of  an  avenue  of  ap- 
proach toward  a  logical  and  complete  method  of  deter- 
mining the  friction  head  for  any  given  oil  under  any 
given  conditions. 

The  problem  of  piping  oil  differs  from  that  of  piping 
water  primarily  in  the  fact  that,  whereas  water  is  a 
fluid  of  well-defined  and  of  almost  constant  physical 
characteristics  within  ordinary  temperature  limits,  oil 
is  quite  the  opposite;  no  two  oils  are  exactly  alike  and 
even  any  one  oil  is  subject  to  important  physical 
changes  under  variable  temperature.  While  the  flow 
of  water  through  pipes  offers  in  itself  a  sufficiently 
difficult  problem,  still  tlie  laws  governing  it  have  been 
determined  empirically  with  sufficient  exactness  to 
meet  all  ordinary,  practical  requirements.  For  pres- 
ent purposes  water  may  be  considered  as  a  liquid  of 
almost  negligible  viscosity  at  all  ordinary  tempera- 
tures, althougli  tliis  is  not  strictly  correct,  as  will  ap- 
pear later.  Oil,  on  the  other  liaiid,  is  a  liipiid  of  rela- 
tively great  viscosity,  much  affected  by  change  of  tem- 
l)ei'ature.     Tlie  principal  difference  between  the   two 
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from  a  pipe  line  point  of  view  lies  iu  this  question  of 
viscosity  and  it  is  logical  to  suspect  that  any  solution 
of  oil  flow  problems  will  be  found  to  involve  viscosity 
in  some  form  or  other. 

Viscosity  may  be  defined  as  that  property  of  a  liquid 
which  causes  it  to  ofl:'er  resistance  to  relative  motion  of 
its  parts  and  to  change  of  form.  More  specifically,  it 
has  been  defined  by  Clerk  Maxwell  as  "  the  tangential 
force  per  unit  area  of  eithei-  of  two  horizontal  planes 
at  the  unit  of  distance  apart,  one  of  wliich  planes  is 
fixed,  while  the  other  moves  witli  unit  velocity,  the 
space  between  being  filled  with  the  viscous  liquid." 

The  viscosity  of  any  liquid  may  be  measured  in  tlie 


the  approximate  viscosity  of  water  at  a  temperature 
of  GO  deg.  fahr.,  and  a  typical  fuel  oil  of  16  deg.  to  17 
deg.  Be.  has  a  viscosity  of  about  9000  at  the  same  tem- 
perature. 

It  will  be  seen  that  the  phenomena  occurring  in  this 
instrument  do  not  differ  radically  from  those  in  a  pipe 
line  except  that  the  entrance  eflieets  are  relatively  large 
and  the  operation  is  on  a  small  scale,  under  variable 
head  and  under  constant  temperature.  As  previously 
indicated,  the  viscosity  of  oil  varies  over  a  wide  range 
with  change  of  temperature.  Thus,  a  cei-tain  oil  of  16.6 
deg.  Be.  gravity  has  a  viscosity  of  200  at  200  deg.  fahr. 
and  about  13,000  at  50  deg.  fahr.     In  other  words,  at 
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Fig.  1     Curves  showing  Relation  of  Viscosity  to  Temperature  in  Several  Different  Crude  Oils 


laboratory  and  can  be  expressed  either  as  absolute  vis- 
cosity iu  c.g.s.  or  gravitational  units,  or  else  iu  some 
empirical  unit.  An  arbitrary  unit  is  more  convenient 
for  practical  purposes,  as  simple  apparatus  may  be 
used  and  no  computations  are  required.  The  instru- 
ment used  is  known  as  a  viscosimeter  or  viscometer. 
The  type  which  finds  most  general  application  in  this 
country  consists  of  a  cylindrical  vessel  of  known  vol- 
ume and  form  surrounded  by  a  water  jacket  which  may 
be  maintained  at  any  desired  temperature.  At  the  bot- 
tom of  this  vessel  is  a  small  circular  orifice  of  definite 
dimensions  with  a  definite  form  of  entrance.  A  meas- 
ured quantity  of  the  liquid  to  be  tested  is  put  into  the 
vessel  and  the  time  required  to  run  through  the  outlet 
in  seconds  is  taken  as  the  viscosity  of  that  liquid  at 
that  temperature.  Thus,  if  the  time  is  30  seconds,  the 
viscositv  is  called  30.     This  figure  in  fact  represents 


the  lower  temperature  it  takes  65  times  as  long  to  tlow 
tlirough  the  standard  orifice  as  it  does  at  the  higher 
temperature.  The  curves  iu  Fig.  1  illustrate  the 
change  of  viscosity  for  several  crude  oils  with  change 
of  temperature.  It  is  worth  noting  in  passing  that  the 
heavy  and  the  light  oils  tend  to  show  about  the  same 
viscosity  at  a  temperature  of  200  deg.  fahr.,  and  as  we 
have  seen  that  viscosity  is  the  measure  of  the  resistance 
of  an  oil  to  change  of  form,  these  curves  should  convey 
a  lesson  to  those  who  are  interested  in  cutting  down  the 
steam  required  for  atomizing  oil  in  burners.  The  same 
sheet  also  shows  the  effect  of  change  of  temperature  on 
water:  although  the  change  is  not  great  as  compared 
with  oil,  still  it  is  quite  noticeable. 

Having  noted  the  effect  of  temperature  variation  on 
the  viscosity  of  oil,  it  will  be  instructive  to  make  sim- 
ilar observations  on  the  effect  of  temperature  on  the 
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resistance  to  tiow  oi  oil  iji  pipe  lines.  In  making  these 
observations  it  has  been  convenient  to  use  the  Chezy 
foiinula  in  the  form  given  by  Unwin  for  use  witli 
water.  This  formula  is  largely  used  by  engineers  and 
may  be  expressed  as  follows: 


0.1008  -■ 


ZQ'L 


d' 


Hi 


Where  s  ^  an  arbitrary  coefficient  depending  on  diam- 
eter, velocity  and  ronglmess  of  surface 
h    =  loss  of  head,  feet 
Q  =  quantity,  cubic  feet  per  second 
L   --=  length,  feet 
d    =^  diameter,  feet 

Transposing,  we  have 

hd' 


?  = 


Q.WOSQ'L    '"' 

\iy  use  of  this  last  expression,  5  can  be  determined 
without  difficulty  for  a7iy  oil  in  a  pipe  line  by  a  series 
of  observations,  for  anj'  temperatures,  size  of  pipes,  rate 
of  flow,  etc.  At  the  same  time  the  viscosity  of  the  same 
oils  over  the  same  range  of  temperatures  can  be  deter- 
mined with  a  viscometer.  Two  sets  of  cun-es  can  then 
be  plotted,  one  showing  the  relation  existing  between 
tempei'ature  and  q  as  observed  in  a  pipe  line  and  the 
other,  the  relation  tjetweeu  temperature  and  viscosity 
as  deteiTuined  by  tlie  viscometer.  From  these  eui'A'es 
two  empirical  equations  may  be  detei'mined  and  t 
(temperature)  eliminated,  giving  g  in  terms  of  vis- 
cosity. By  substituting  tliis  value  of  ?  in  equation  |1] 
we  would  then  expect  to  have  an  expression  of  the  form 


h  = 


d' 


where  c  is  a  constant  and  /  (r;)  represents  some  func- 
tion of  Y],  the  coefficient  of  viscosity.  By  a  series  of 
tests  we  might  reasonably  expect  to  be  able  to  deter- 
mine by  these  means  such  constants  as  would  enable  us 
to  predetermine  the  drop  in  pressure  for  any  oil  in  any 
pipe  line  by  measurements  of  viscosity  made  in  the 
laboratory. 

To  make  the  determinations  covering  all  possible 
conditions  naturally  requires  an  extensive  equipment, 
patience  and  sustained  effort.  I  have  already  indicated 
some  of  the  obstacles  in  the  w^v  of  the  engineer  of  the 
oil  company,  preventing  W'ork  of  this  character  being 
done.  Nevertlieless  it  lias  been  possible  to  keep  records 
of  everychiy  operations  which  afford  some  approxima- 
tion to  accuracy.  In  one  place  wliieh  1  have  had  under 
observation  for  some  years  thei'e  are  two  oil  pipe  lines 
respectively  6  in.  and  8  in.  in  diameter  and  about  2 
miles  long,  which  are  in  intermittent  service  as  occa- 
sion demands,  carrying  a  vai-iety  of  oils,  usually  at  a 
fairly  constant  rate  of  about  500  bbl.  per  liour.  The 
tempei'atures  available  and  the  rate  of  flow  are  such  as 
commercial  considerations  dictate,  so  that  it  has  been 
impossible  to  make  changes  for  experimental  pui-poses. 
The  mean  temperature  in  the  pipe  line  averages  about 
110  deg.   faiir.     The  lines  are  buried  for  practically 


tlieir  entire  length,  although  they  are  exposed  for  con- 
siderable distances,  and  for  the  most  part  they  are 
practically  straight.  They  are  equipped  with  gages 
and  theimometers  and  the  elevations  are  of  course 
known.  Tiie  gages  are  of  ordinary  commercial  type 
and  therefore  at  times  very  unreliable,  but  they  are, 
liowever,  calibrated  at  more  or  less  frequent  intei-vals 
by  a  standard  gage  which  is  it.self  cheeked  from  time 
to  time  on  a  dead  weiglit  tester.  Errors  of  pressure 
have  undoubtedly  crept  in;  the  observations  as  to 
((uantities,  temperatures,  etc.,  are  made  by  the  regular 
operators  and  are  also  known  to  be  inaccurate  at  times. 
In  general,  commercial  requirements  do  not  permit  of 
tlie  conditions  being  varied  at  will  for  purposes  of  test 
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and  in  other  respects  they  are  not  ideal.  It  is  particu- 
larly unfortunate  that  higher  rates  of  flow  and  rangea 
of  temperatuie  have  not  been  available,  but  their  ab- 
sence should  not  interfere  witli  the  general  truth,  of 
the  deductions  which  1  am  about  to  make. 

Values  of  :;  have  been  computed  for  tlie  two  lines  for 
some  120  or  more  runs.  Those  for  the  8  in.  line  have 
l)een  analyzed  and  tabulated  and  the  residts  given  here 
are  for  that  line.  Values  of  ;  have  been  plotted  against 
temperature  as  shown  in  Fig.  2.  tlie  temperature  used 
being  tlie  arithmetical  mean  of  the  temperatures  at 
both  ends  of  the  line.  The  logaritlimic  mean  would 
])robal)ly  give  greater  accuracy  but  there  are  so  many 
other  uncertainties  that  it  is  probable  that  the  fall  of 
temperature  in  the  line  is  not  strictly  uniform  any- 
way. The  oil  represented  in  the  t-q  curves  varies  in 
gravity  from  16  to  17  deg.  Be.  There  are  a  few  freak 
points,  but  on  the  whole  a  fair  curve  can  be  drawn 
wliich    is    reasonably    representative    of    the    average 
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While  the  curve  may  uot  be  strictly  correct,  it  is  evi- 
dent that  it  unmistakably  shows  that  q  decreases  regu- 
larly with  increase  of  temperature. 

If  we  compare  the  <-?  and  t-r,  curves  we  will  at  once 
be  impressed  by  their  similarity  and  if  we  examine  the 
viscosity  curve  for  16.6  deg.  Be.  oil,  particularly  that 
portion  wliich  lies  between  the  same  temperature  limits 
as  the  t-z  curve,  it  will  be  seen  that  the  similarity  is 
very  striking.  In  fact,  plotting  the  two  on  the  same 
sheet  with  the  same  temperature  scale  and  the  ?  scale 
suitably  adjusted,  the  curves  can  be  made  practically 
to  coincide.  By  means  of  this  expedient  I  have  de- 
duced the  relation 

_  T]  —  930 
^  ""      30667 
Now  if  this  value  of  q  be  substituted  in  equation    [1] 
we  have 

Q'L   (0.001075  -q  —  1) 


h  = 


[3] 


327d^ 

This  relation  has  been  checked  in  several  instances  and 
the  agreement  with  observed  facts  was  as  close  as  might 
be  expected  under  the  conditions.  You  will  notice  that 
with  viscosity  of  930  the  expression  becomes  zero  and 
indicates  one  of  the  limits  of  the  formula.  The  form- 
ula is  not  proposed  for  serious  use,  but  is  given  as  a 
sample  of  one  method  of  approach.  With  an  accurate 
series  of  observations  there  is  no  reason  that  I  see  why 
a  formula  cannot  be  developed  in  this  way  to  cover  all 
conditions.  If  we  inspect  the  temperature  —  viscosity 
curves  again  it  will  be  seen  that  what  is  true  of  16.6 
deg.  Be.  oil  between  the  temperatures  of  100  and  120 
deg.  appears  also  to  be  approximately  true  for 

12  gravity  oil  between  145  and  165  deg. 

15  gravity  oil  between  110  and  1-10  deg. 

18  gravity  oil  between     75  and  100  deg. 
because  the  curves  are  of  the  same  form  and  general 
slope  between  those  temperatui-e  limits. 

I  have  digressed  slightly  from  the  course  I  had 
mapped  out.  wherein  I  had  intended  to  show  how  ; 
might  be  expressed  in  terms  of  r,  by  equating  the  value 
of  t  found  from  the  empirical  equations  of  the  temper- 
ature-viscosity and  temperature-?  cui-ves. 

H.  E.  Boner,  engineer  of  tests  of  the  Union  Oil  Com- 
pany, has  developed  the  empirical  equations  for  both 
the  sets  of  curves  shown,  and  finds  that  the  equation 
of  the  t-Ti  curve  is 

_     (584.5)^-" 


from  wliich 


t  = 


(t  +  50) 
584.5 


+  65 


50 


(r;  —  65)"-" 

He  has  also  derived  tlie  empirical  equation  for  the  t-q 
curve,  which  is 

70 


from  which 


/       70      \  «■" 
[-t  +  5    ) 


By  equating  the  two  values  for  t  tlius  obtained,  the 
value  of  q  is  found  to  be 

1.555  1  „  „. 


13 


1 


l(ri  —  eS)"-''' 
Substituting  this  value  for  q  in  equation  [1]   we  have 


■1  = 


o.ioosy-x 


d-' 


1.555 


13 
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l(Y)  —  65)''-i«" 

This  expression  gives  values  for  the  lost  head  some- 
what higher  tlian  the  relation  first  deduced  in  equation 
[3]  and  as  far  as  it  has  been  checked,  with  no  greater 
accuracy.  It,  however,  offers  greater  pi'omise  of  ex- 
tension over  a  wider  range  of  temperatures.  It  will 
be  noted  that  it  does  not  become  zero  until  the  coeffi- 
cient of  viscosity  becomes  as  small  as  65.  I  might  say 
that  the  t-r,  and  t-q  empirical  equations  when  plotted 
give  curves  agreeing  very  nearly  with  the  curves 
plotted  from  the  original  j)oints.  In  considering  these 
equations,  it  sliould  be  borne  in  mind  that  they  are  de- 
veloped from  a  limited  series  of  tests  made  on  but  a  few 
oils  over  a  narrow  temperature  and  velocity  range. 

If  an  attempt  is  made  to  apply  them  to  conditions 
differing  materially  from  those  under  which  the  runs 
were  made,  it  will  be  found  that  correct  results  will 
not  be  given.  Therefore  I  wish  to  emphasize  the  point 
that  I  have  not  been  attempting  to  offer  a  solution  of 
the  problem,  but  rather  to  indicate  a  promising  method 
for  arriving  at  the  solution.  The  velocities  used  in  the 
above  determinations  are  lower  than  those  found  in 
practice  in  the  field,  and  this  is  an  important  point  of 
difference.  The  same  method  of  development  can  be 
employed  to  determine  the  effect  of  velocity,  but  this 
has  not  been  done  as  yet.  I  feel  certain,  however,  that 
the  methods  indicated  if  carried  out  on  an  extensive 
scale  and  under  test  conditions,  can  be  made  to  yield 
reliable  i-esults  and  if  this  actually  proves  to  be  the 
case,  the  starting  point  in  pipe  line  design  may  be  in 
the  laboratory,  commencing  with  the  viscosimeter. 

DISCUSSION 

Wyxx  Meredith.  The  commercial  considerations  have, 
as  Mr.  Dyer  has  stated,  prevented  the  obtaining  of  precise 
data  of  existing  lines  as  to  the  governing-  factors  in  the 
pumping  of  California  oils.  The  development  of  empirical 
formulae  to  tit  conditions  within  certain  limits  is  very  in- 
teresting. The  temperatures  used  in  pumping  California  oils 
run  from  about  140  deg.  falir.  down  to  whatever  it  comes  to 
at  the  delivery  station,  the  stations  being  usually  12  to  14 
miles  apart.  This  temperature  is  about  as  high  as  can  be 
used  with  the  light  oils  without  losing  valuable  gases;  with 
the  hea\4er  fuel  oils  the  temperature  can  be  raised  very  much 
higher  without  serious  loss,  because  they  have  very  little  to 
lose. 

The  general  practice  in  pumping  is  to  have  about  800  lb. 
pressure  at  the  initial  station.  Aside  from  the  distances  be- 
tween stations,  the  rate  of  loss  of  heat  is  largely  affected  by 
the  nature  of  the  ground  traversed  by  tlie  pipe  line,  and  has 
a  governing  effect  upon  the  proper  location  of  stations.     One 
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curious  tiling  tliat  liappens  in  pumping  lieateil  licavy  oils  in 
a  line  witli  a  iionnal  capacity  of  say  20,000  bbl..  is  tliat  wlicn 
operating  at  a  rate  of  from  6,000  to  8,000  bbl.,  the  initial 
pressure  is  actually  greater  than  it  is  when  pumping  up  to 
15,000  or  20,000  bbl.  This  follows  naturally,  because  at  the 
higher  rate  the  oil  carries  the  heat  further  and  maintains  a 
greater  tluidity  throughout  the  liiie.  But  it  is  rather  curious 
to  see  a  pump  working  under  one-third  capacity  with  a  i)res- 
sure  even  greater  than  when  running  at  full  capacity. 

The  economic  pumping  of  heated  California  oils  requires, 
among  other  things,  the  proper  locating  of  pumping  sta- 
tions with  reference  to  distance  between  stations,  due  con- 
sideration being  given  to  differences  in  altitude.  A  correct 
fornuila  for  the  determining  of  friction  head  would  be  of 
great  value  in  the  calculations.  Experience  with  existing 
lines  has  shown  the  limitations  to  a  considerable  extent.  For- 
tunately, the  errors  of  calculation  with  present  knowledge 
are  capable  of  fairly  simple  correction  by  the  addition  of 
somewhat  larger  pipe  on  the  delivery  end  in  the  event  of  sta- 
tions being  located  slightly  too  far  apart. 

The  method  of  equalizing  different  divisions  of  a  pumping 
line  may  also  be  used  to  maintain  the  capacity  when  it  is  re- 
quireil  to  pump  heavier  oils,  which  usually  follow  upon  the 
decline  of  an  oil  field.  This  method  of  correction  is  exactly 
similar  to  that  used  in  electric  circuits,  wherein  the  load  is 
increased  beyond  originally  calculated  quantities,  and  addi- 
tional copper  is  inserted  to  keep  the  drop  withm  economic 
limits;  only,  in  the  case  of  an  electric  circuit,  the  copper  is 
usually  put  on  the  pumping  end  instead  of  the  delivery  end, 
the  latter  location  being  more  efficient  in  the  case  of  a  hot  oil 
Inie  on  account  of  temperature  conditions. 

II.  \V.  CrOZIER.  I  lia\e  been  doing  considerable  work  on 
this  problem,  but  have  attacked  it  in  an  entirely  different 
way.  Instead  of  attempting  to  calculate  the  head  only,  I 
have  been  calculating  the  hydraulic  grade  for  a  whole  pump- 
ing unit,  that  is  a  pumping  station  and  the  pipe  extending  to 
the  next  pumping  station.  The  hydraulic  grade  line  which 
the  hydraulic  engineers  have  used  for  many  years  is  a  fa- 
miliar device.  It  consists  of  a  sloping  straight  line  so 
drawn  that  one  end  intersects  the  surface  of  the  water  in  the 
reservoir  supjilying  the  pipe  under  consideration  (neglecting 
entrance  losses)  and  the  other  end  coincides  with  the  surface 
of  the  water  in  the  terminal  tank  or  reservoir.  The  distance 
between  the  hydraidic  grade  line  and  the  pipe  at  any 
point  is  proportional  to  the  pressure  at  that  point  and  the 
slope  of  the  line  is  ])roportional  to  the  friction  loss  in  the 
pipe. 

When  considciing  heated  California  oils  instead  of  water, 
the  hydraulic  grade  line  is  no  longer  a  straight  line  but  a 
curved  line  which  droops  as  the  distance  from  the  pumping 
station  increa.ses,  due  to  the  drop  of  temperature  caused  by 
heat  losses  due  to  radiation  and  conduction  through  the 
ground  in  whiih  the  i)ii)e  is  laid.  The  reason  I  have  been 
giving  so  much  consideration  to  the  hydraulic  grade  phase  of 
this  matter  is  on  account  of  the  fact  that  we  have  been  work- 
ing on  mountain  pipe  lines;  these  are  altogether  different 
from  valley  lines,  where  certain  definite  conditions  exist  in 
each  station,  (^n  one  mountain  line  surmounting  a  consider- 
able summit,  four  pumping  stations,  only  a  few  miles  apart, 
pump  the  oil  up  the  mountain  slope  to  the  summit  while  on 
the  down-hill  slope  the  stations  are  spaced  from  18  to  20 
miles  ajiart,  de])endiiig  on  the  slope.     P\nn[)ing  stations  on 


this  same  line  serving  relatively  level  sections  are  13  miles 
apart. 

During  the  construction  of  that  line  everybody  foresaw 
trouble  in  getting  the  oil  uphill.  My  contention  was  that  the 
linutation  of  the  line  would  be,  not  in  getting  the  oil  up  the 
hill,  but  down,  my  reason  being  that  there  was  ample  heat 
in  the  oil  to  keep  the  temperature  high  enough  to  hold  the 
oil  in  a  fluid  condition  in  the  0-mile  ascending  sections;  but 
m  the  22  and  26-mile  descending  sections  it  was  a  different 
thing  altogether,  as  the  curves  in  Fig.  1  illustrate  very 
clearly.  As  the  temperature  drops  due  to  loss  of  heat  the 
\iscosity  increases  with  increased  rapidity;  hence  on  the  long 
descending  sections  the  friction  increases  rapidly  and  a  limit 
is  reached  at  which  it  is  necessary  to  install  a  pumping  sta- 
tion with  its  heaters  to  pump  the  oil  along.  By  using  a  hy- 
draulic grade  line  platted  as  accurately  as  possible,  this  can 
be  laid  out  on  the  profile  of  the  luie,  and  the  pumping  sta- 
tions located  with  considerable  accuracy. 

Referring  to  the  statement  made  by  the  author  that  equa- 
tion [2]  was  correct  for  any  definite  temperature,  I  would 
like  to  point  out  a  question  of  premise.  The  statement  is 
correct,  but  in  making  a  test  on  a  pipe  line  there  are  no  defi- 
nite temperatures;  there  is  a  certain  temperature  at  one  end 
of  the  line,  and  a  certain  temperature  at  the  other  end  of  the 
line,  and  1  think  more  stress  should  be  given  to  the  tempera- 
tures between  the  two.  It  is  not  safe  to  use  the  average;  it 
is  much  safer  to  use  an  integrated  value,  which  can  be  ob- 
tained with  a  planimeter.  The  fact  that  the  line  goes  through 
a  variable  country,  with  different  soil  conditions  and  differ- 
ent rate  of  radiation,  is  the  problem  that  is  confronting  the 
engineer  working  in  difficult  country,  or  country  subject  to 
overflow,  and  it  is  very  difficult  to  estimate  what  tempera- 
ture you  are  going  to  get. 

Another  problem  which  is  perhaps  of  as  much  importance 
as  the  question  here,  is  to  predict  the  temperature  at  the  end 
of  the  line.  I  have  been  working  particularly  on  long  pipe 
lines,  for  instance,  where  there  are  a  series  of  four  or  five 
pumping  stations  pumping  oil  over  a  mountain  range  and 
then  a  long  drop,  say  a  4000  or  5000  ft.  to  the  seaboard,  and 
the  problem  is  to  calculate  the  temperature  gradient;  we 
know  the  temperature  at  the  initial  point  and  wish  to  calcu- 
late the  temperature  at  the  terminal,  so  we  can  determine 
between  what  limits  to  take  the  viscosity  curve  illustrated  in 
Fig.  1,  and  thus  calculate  the  capacity  of  the  line.  Satisfac- 
tory equations  have  been  worked  out  and  partially  checked 
with  observed  data. 

In  regard  to  the  matter  mentioned  by  Mr.  Meredith,  it 
seems  extraordinary  that  such  a  condition  should  occur  where 
juimping  stations  are  operating  at  say  one-third  speed,  but 
such  actually  is  the  case;  and  it  is  due  to  the  loss  of  heat  as 
can  he  readily  seen  by  examining  the  temperature  viscosity 
curves.  The  heat  lost  is  proportional  to  the  temperature  and 
surface  of  the  pipe,  so  when  the  velocity  is  low,  the  heat 
losses  being  the  same,  the  oil  rapidly  cools,  increasing  in  vis- 
cosity and  friction  until  the  total  head  due  to  friction  is 
greater  than  when  the  velocity  is  higher  when  there  is  more 
oil  passing  to  contribute  heat  to  make  up  the  lieat  losses. 

A.  C.  McLaughlin".  From  the  standpoint  of  an  operating 
oil  man,  it  has  always  seemed  to  me  that  the  engineer,  in 
approaching  the  question  t)f  the  transportation  of  oil  through 
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pipe  lines,  is  too  mupli  inoliiied  tu  take  as  his  point  of  de- 
parture tlie  transportation  or  pumping  of  water  through 
pipe  lines,  the  laws  of  whieh  are  well  known.  The  trans- 
portation of  oil  is  an  altogether  diffei'ent  problem.  In  the 
tirst  place,  ordinan*  crude  oil  is  not  a  simple  homogeneous 
liquid  such  as  is  water,  but  is  a  very  complex  substance,  com- 
posed of  compounds  of  carbon  and  hydrogen,  which  in  them- 
selves are  simple,  but  which  exist  in  petroleum  in  almost  be- 
wildering number.  In  crude  oil  we  find  something  like  eight 
normal  series  of  hydrocarbons,  each  series  being  represented 
by  a  large  number  of  compounds  differing  slightly  from  each 
other  in  physical  characteristics.     In  addition  to  these  ordi- 
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Fig.  .3    Variation  in  Absolute  Viscosity,  in  Dynes  per  Sq.  Cm.  with  Character- 
istic California  Crude  Oils 


nary  hydrocarbons  in  petroleum,  which  we  may  consider  us 
the  essential  constituents,  there  are  a  great  many  impurities 
in  the  form  of  sulphur  compounds  and  nitrogen  compounds. 
These  impurities  are  in  such  large  proportions  at  times  as 
profoundly  to  influence  the  physical  characteristics  of  crude 
oil.  For  example,  in  some  California  crude  oils  as  much  as 
20  per  cent  of  the  volume  of  the  crude  oil  consists  of  nitrogen 
compounds. 

Since  each  series  of  hydrocarbons  is  composed  of  mem- 
bers differing  but  slightly  from  each  other  in  physical  char- 
acteristics, the  viscosity,  boiling  point,  specific  gravity,  etc., 
and  since  each  series  differs  in  the  same  characteristics  from 
each  other  series,  it  follows  that  rarely  two  samples  of  crude 
oil  are  precisely  alike.  It  also  follows  that  if  one  is  to  pre- 
dict with  accuracy  the  precise  actions  of  a  given  crude  oil 
under  given  conditions  of  pressure  and  tera[)erature,  it  is 
necessary  that  he  know  the  constitution  of  the  crude  oil  and 
the  phyi^ital  clia'aeteristics  of  each  of  its  components,  which, 
of  course,  is  impracticable.  Therefore  the  practical  i'>ipe  line 
man  attemjits,  in  so  far  as  possible,  to  obtain  a  mixture  of  a 
large  number  of  crudes,  since  it  is  only  by  getting  such  a 


mixture    that    he    can    obtain    even    approximately    constant 
physical  characteristics.     On  the  other  hand,  he  is  limited  in 
his  mixing  crude  oils  by  the  fact  that  different  crude  oils 
have  different  values  and  must  be  kept  separate.    In  general, 
however,  it  is  the  practice  of  the  pipe  line  companies  to  mix 
their  crudes  as  much  as  commercial  requirements  will  allow. 
Furthermore,  examination  into  the  chemical  constitution  of 
crude  oil  has  shown   tliat   instead   of  dealing  with  a   homo- 
geneous fluid  like  water,  we  are  dealing  with  a  solution  of  a 
large  number  of  solid  substances  in  an  equally  large  num- 
ber of  liquids.     For  bringing  out  the  result  of  this  feature, 
I   have  prepared  a  number  of  curves.   Fig.  3,  showing  the 
absolute  viscosity  in  dynes  per  square 
centimeter  of  a  number  of  character- 
istic  California  crude  oils  varying  in 
gravity   from   14.9   deg.   Be.   to   about 
23   deg.    Be.     An   inspection   of  these 
curves    shows    that    above    a    certain 
tem]>erature     each     crude     oil     has    a 
fairly   constant   viscosity,   but   that   at 
that  certain  temperature  the  viscosity 
changes    very    rapidly    with    drop    in 
temperature.      This    is    explained    by 
the  fact  that  above  the  given  tempera- 
ture   all    of    the    constituents    of    the 
crude    oil    are    liquids    and    the    mass 
behaves  as  a  liquid  of  apijroximately 
constant    viscosity.      At    this    certain 
temperature,   which   we   may   call   the 
critical    temperature,    the    solid    com- 
ponents  begin   to  segregate   from   the 
mass   of  the   liquid   and  the   viscosity 
of  the  oil  begins  to  change  with  great 
rapidity.      The   result   of  this   is   that 
the  practical  pipe  line  man  in  pump- 
ing   California    oil    tends    more    and 
more    to    keep    the    crude    above    this 
critical    temperature,    as    it    is    only 
above    that    temperature    that    lie    can 
figure    with    any    degree   of   accuracy. 
It  would  therefore  seem  that  success- 
ful pumping  of  California  oil  will  be 
brought  about  by  successful  methods  of  heating  and  success- 
ful methods  of  insulating  the  lines. 

It  is  observed  in  pumping  hot  crude  oil  through  pipe  lines 
that  the  temperature  falls  with  comparative  rapidity  during 
the  first  few  miles  of  its  passage  through  the  line,  and  that 
the  rate  of  fall  of  temperature  changes  very  suddenly  and  the 
loss  of  heat  is  comparatively  slow  for  the  balance  of  the 
distance  into  the  next  station.  The  explanation  of  this  action 
is  to  be  found,  I  believe,  in  the  nature  of  the  crude  oil.  In 
the  first  few  miles  of  the  pumping,  the  crude  is  above  its 
critical  temperature  and  acts  appi'oximately  as  a  homogene- 
ous fluid.  About  3  to  5  miles  from  the  initial  station  the 
critical  temperature  is  reached,  the  heavy  hydrocarbons  be- 
gin to  segregate  and  form  a  coating  on  the  inside  of  the  pipe 
which  protects  the  balance  of  the  crude  oil  into  the  next 
station.  Another  factor  to  be  taken  into  consideration  is  the 
speciflc  heat  of  crude  oil,  wliich  is  only  0.45  as  compared  with 
water  as  unity.  This  means  that  for  a  given  loss  of  heat, 
the  crude  oil  will  drop  twice  as  fast  in  temperature  as  water 
would. 

Another  factor  which  comes  in  is  the  matter  of  mixture  of 
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oils  in  pipe  lines,  which  is  a  matter  that  has  recently  aroused 
considerable  interest  on  account  of  tlie  so-called  Common 
Carrier  Pipe  Line  bill.  In  the  case  of  eastern  crudes  (Penn- 
sylvania crudes  and  other  light  oils),  where  the  heavy  hydro- 
carbons are  carried  in  solution  at  ordinary  temperatures,  it 
has  been  found  that  crude  oils  mix  or  contaminate  each  other 
in  passing  through  a  pipe  line  in  plugs,  to  the  extent  of  about 
10  per  cent  of  the  total  capacity,  of  the  line.  This  was 
worked  out  by  Professor  Shoter  of  Cornell  University  dur- 
ing the  Standard  Oil  Company  litigation.  Now  in  California 
crude  oil,  where  are  those  heavy  hydracarboiis  condensing  or 
segregating  on  the  outside  of  the  pipe  line,  we  naturally  get 
a  very  much  greater  mixture  than  in  Pennsylvania.  In  fact, 
nobody  knows  how  great  it  is;  but  no  doubt  it  would  be  a 


valley;  and  my  experience,  from  tests  I  made,  was  that  the 
oils  from  JIarieopa  had  the  least  viscosity  of  any  oil  I  tried. 

T.\BLE   1 


Oil 
District 


Average  Data, 
No.  Samples  Used 


Gravity, 
(Beaum^),  Deg. 


Kern 

40 

1.5.i» 

915 

Midway. . . 

29 

16." 

518 

Sunset., . .  . 

25 

U.K 

527 

McKitt...  . 

26 

16." 

200 

Coalinga. . . 

62 

17.K 

341 

Viscosity,  Using  Egler 

Viscometer    at  20  Deg. 

Cent.,  Seconds 


Roughtly  Speaking,  tests  of  12  gravity  Maricopa  oil  had  no 
s^reater  viscosity  than  14  irravitv  Kern  oil.     Bulletin  No.  19 
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very  important  feature  in  pumping  batches  of  oil  through 
pipe  lines. 

R.  P.  McLaughlin.'  The  curves  in  Fig.  4,  showing  the  re- 
lation of  viscosity  and  gravity  of  crude  California  petroleum, 
are  presented  with  the  idea  that  they  may  call  attention  to 
some  points  that  have  not  been  commonly  recognized.  De- 
velopment of  the  oil  industry  in  this  state  has  been  so  rapid 
that  most  men  actively  engaged  in  it  have  had  too  little  time 
to  stop  and  summarize.  Too  frequently  a  few  observations 
have  been  the  basis  of  statements  that  no  general  rule  could 
be  formulated. 

Arthur  F.  L.  Bell."  There  is  a  very  notable  difference  in 
the  viscosity  of  oil  in  different  fields,  especially  the  Santa 
Barbara  field.  The  Santa  Barbara  oils  of  the  same  grav- 
ity show  a  marked  increase  in  viscosity  over  the  oils  of  the 


Cal. 
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of  the  Bureau  of  Mines  gives  the  data  presented  in  Table  1. 
A.  C.  McLaughlin.  Crude  oils  vary  in  viscosity,  depend- 
ing on  the  composition  of  the  crude.  In  a  parafiin  crude  oil, 
the  drop  in  viscosity  with  the  temperature  is  very  much  less 
than  it  is  with  the  so-called  asphalt  crude  oil.  Of  course 
there  is  no  such  thing  as  an  asphalt  and  a  paraffin  crude  oil 
except  as  concerns  the  end  members  of  a  series.  All  crude 
oils  are  to  a  certain  extent  paraffin  crude  oils,  and  all  paraf- 
fin crude  oils  are  to  a  certain  extent  asphalt  crude  oils. 
For  example,  we  have  the  Pennsylvania  characteristic  at  one 
end  and  the  California  at  the  other.  But  it  is  a  fact  that 
paraf&n  hydrocarbons  decrease  in  viscosity  with  tempera- 
ture very  much  more  rapidly  than  the  so-called  saturated 
hydrocarbons,  which  are  composed  of  those  asphalt  crudes. 
Most  of  those  curves  plotted  are  not  curves  of  viscosity,  but 
time  of  flow;  and  in  examining  them  it  will  be  found  that 
they  are  very  different  looking  curves  from  the  true  viscosity 
curves  when  the  density  of  the  oil  is  eliminated. 
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H.  T.  Cory.  In  regard  to  JIi-.  McLauglilin's  comment  that 
what  is  called  viscosity  is  not  the  true  coettlcient  of  viscosity, 
doubtless  the  men  in  the  oilfields  are  using  a  eoellicient  that 
they  think  better  serves  their  purpose  than  the  true  coefficient 
of  viscosity.  The  Beaume  reading  and  the  specific  gravity 
are  both  intended  to  express  a  certain  physical  characteristic 
of  oil;  and  are  simply  two  ways  of  expressing  that  char- 
acteristic. In  this  particular  ease  these  two  ways  are  suf- 
ficiently distinct.  However,  this  "  viscosity  "  which  has  been 
used  in  the  discussion  here,  and  the  real  coefficient  of  vis- 
cosity, are  so  entirely  different  that  the  use  of  the  term 
"  viscosity "  seems  to  me  very  unfortunate.  Apparently 
some  of  the  cil  terniinology  is  pretty  far  from  l)eing  stand- 
ardized. 

Robert  Sibley.  The  standardizing  of  some  of  tlie  units 
of  measurement  that  are  utilized,  for  instance,  the  measure- 
ment of  gravity,  the  Beaume  scale,  is  a  point  that  concerns 
our  San  Francisco  Section.  Recently,  the  Standard  Oil 
Company  issued  Bulletin  No.  4,  in  which  was  described  a 
conversion  of  specific  gravity  readings  into  the  Beaume  scale, 
and  vice  versa;  and  also  was  given  an  entirely  different  for- 
mula than  is  found  in  Kent's  Mechanical  Pocket  Book  and 
that  adopted  by  the  United  States  Bureau  of  Mines.  In 
other  words,  there  is  evidently  a  confiict  in  the  adoption  of 
an  empirical  relationship  such  as  the  Beaume  scale;  and  it 
would  seem  to  be  one  function  of  this  Society,  as  long  as  we 
are  concerned  largely  with  the  manipulation  of  crude  oil, 
especially  its  use  in  the  industries,  to  add  its  weight  some- 
what in  standardizing  those  relationships  if  possible. 

R.  P.  IMcLaughlin.  It  seems  to  me  the  relation  which 
exists  between  the  viscosity  and  the  gravity  of  California 
crude  oils  might  help  to  standardize  some  of  these  discus- 
sions.   I  have  plotted  a  number  of  viscosity  tests  in  the  form 


of  curves  and  there  seems  to  be  a  definite  relation  between 
viscosity  and  gravity.  The  data  for  these  curves  are  pub- 
lished in  Bulletin  No.  31  of  the  California  State  Mining 
Bureau  and  cover  in  the  neighborhood  of  60  different  sam- 
ples of  oil  from  all  parts  of  the  state.  The  temperature  vis- 
cosity curves  are  for  two  different  temperatures,  namely,  60 
deg.  and  185  deg.  fahr. 

H.  W.  Crozier.  I  would  like  to  ask  Mr.  McLaughlin  for 
further  information  about  those  curves.  My  experience  is 
entirely  at  variance  with  his  results  and,  while  we  have 
always  known  that  the  viscosity  was  m  some  way  related  to 
the  gravity,  so  many  exceptions  have  come  to  our  notice 
that,  in  exact  work,  we  do  not  consider  that  knowledge  of 
the  gravity  of  an  oil  sample  gives  us  very  much  information 
about  what  its  ]ierformance  will  be  in  a  pipe  line. 

R.  P.  McLaucjhlin.  The  curves  are,  in  general,  correct 
and  show  the  relation  between  gravity  and  viscosity  at  the 
definite  temperatui-es  used,  but,  as  Mi'.  Crozier  stated,  there 
are  a  number  of  samples  which  differ  widely  from  the  aver- 
age shown  by  the  curve,  and  I  would  particularly  call  atten- 
tion to  samj)les  Nos.  40  and  56,  which  have  viscosities  over 
twice  that  given  by  the  reading  from  the  curve,  while  sam- 
ples Nos.  42  and  50  are  very  much  below  the  readings  of  the 
curve.  Also  in  regard  to  some  of  the  oils  from  the  Kern  and 
Los  Angeles  fields  of  about  12  and  13  gravity,  there  are  four 
samples :  53,  54,  26  and  49,  which  depart  widely  from  the 
185  deg.  curve.  These  curves  may  be  used  in  a  general  way 
for  the  determination  of  the  probabilities,  but,  as  Mr.  Crozier 
has  pointed  out,  it  is  advisable  to  sample  and  test  the  oils 
before  making  a  prediction  as  to  what  they  will  do  in  a  pipe 
line,  and  it  will  be  noted  that  many  of  the  exceptions  depart 
widely  from  the  average  condition  represented  by  the  curve, 
which  is,  of  course,  a  generalization. 


PRESENT  TENDENCIES  IN   RAILROAD   WORK 

PAPERS   PRESENTED   AT  A  JOINT  MEETING   IN   BOSTON 


THE  MODERN  LOCOMOTIVE 

By  Henry-   Bartlett.  Boston,   jNIass. 

Member  of  the  Society 

Twenty  years  ago  the  express  passenger  engine  was 
of  the  eight-wheel  type  with  18  x  24  in.  cylinders,  a  58 
in.  boiler  carrying  160-lb.  of  steam,  a  grate  area  of  19 
sq.  ft.,  a  tractive  power  of  15,300  lb.  and  a  weight  in 
working  order  of  about  50  tons.  Since  that  time  larger 
eiglit-wheel  passenger  engines  have  been  bnilt,  then  the 
Atlantic  tj^pe  of  locomotive,  and  now  tlie  Pacific  type 
has  been  reached  as  the  standard  express  locomotive 
on  many  railroads.  The  standard  Pacific  type  express 
locomotive  of  the  Boston  and  Maine  Railroad  has  22 
X  28  in.  cylinders,  a  68  in.  boiler  carrying  200  lbs.  of 
steam,  a  grate  area  of  53.2  sq.  ft.,  a  tractive  power  of 
31,600  lb.  and  a  weight  in  working  order  of  235.000  lb. 


Abstracts  of  p.npers  presented  at  a  joint  meeting  lield  at  Boston  on 
February  4  by  tbe  Ameriean  Society  ol;  Meebanical  Engineers,  tlie 
Boston  Society  of  Civil  Engineers  and  the  Ameriean  Institute  of  Elec- 
trical Engineers. 


These  locomotives  have  also  many  improvements, 
includtng  a  superheater,  piston-valves,  Walsehaert 
valve-gear,  a  brick  arch,  pneumatically  operated  fire- 
door,  flexible  stay  bolts,  extended  use  of  cast-steel,  a 
design  of  trailing  tiiick  permitting  the  use  of  a  deep 
wide  fire-box. 

These  engines  show  an  increase  of  83  per  cent  in 
capacity  and  at  the  same  time  an  increase  of  80  per 
cent  in  weight  over  the  standard  of  twenty  years  ago. 
This  increase  in  weiglit  in  about  the  same  proportion 
as  the  power  may  perhaps  suggest  a  lack  of  refinement 
in  detail,  but  upon  investigation  it  will  be  seen  that  this 
apparent  disparity  does  not  actually  exist  as  one  of 
the  most  characteristic  improvements  in  locomotive 
design  has  been  the  introduction  of  the  trailing  truck 
which  makes  it  possible  to  obtain  ample  heating  sur- 
face and  larger  grate  area ;  this  enables  the  locomo- 
tive to  deliver  its  rated  tractive  power  under  all  service 
conditions  and  to  do  it  with  the  consumption  of  less 
fuel. 
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Local  conditions  have  develojxd  larger  passenger 
engines  on  some  other  roads,  and  the  introduction  of 
lieavier  steel  cars  will  require  still  greater  power  to 
handle  them.  An  example  is  the  famous  No.  999  on 
the  New  York  Central  Railroad  with  which  was  inau- 
gurated the  Empire  State  Express  at  the  time  of  the 
Chicago  Exposition,  and  in  comparison  with  this  the 
Pacific  Tj-pe  engine  that  now  handles  the  Twentieth 
Centurj'  Limited  between  New  York  and  Chicago.  In 
these  engines,  the  increase  of  100  per  cent  in  tractive 
power  and  118  per  cent  in  weight  is  a  mute  testimony 
to  tlie  rapid  growth  in  weight  of  lolling  stock  as  well 
as  in  passenger  traffic.  An  interesting  feature  of  tin- 
old  No.  999  locomotive  was  tlie  water  table  extend- 
ing tile  full  length  and  width  inside  the  fire  box  as  a 
substitute  brick  arch;  there  can  be  no  doubt  but  that 
tile  increased  heating  surface  and  circulation  obtained 
in  tliis  way  was  an  important  factor  in  the  phenomena] 
success  of  that  engine,  but  toda.y  we  are  obtaining 
similar  results  in  an  easier  way  with  the  brick  arch 
supported  on  water  tubes. 

The  development  of  twenty  years  on  the  Rock  Island 
Railroad  has  been  to  the  use  of  the  mountain  type  of 
locomotive,  the  latter  being  designed  to  haul  heavy  pas- 
senger trains  over  1  per  cent  grade  at  moderate  speeds 
and  yet  be  capable  of  attaining  speed  of  from  50  to  60 
miles  per  liour  on  levels.  The  increase  in  tractive 
power  here  is  138  per  cent  and  in  weight  156  per  cent. 
One  of  the  best  examples  of  modem  locomotive  design 
is  a  locomotive  that  was  built  bj-  the  American  Loco- 
motive Company  for  the  Pennsylvania  Railroad  for 
testing  out  pui-poses.  This  locomotive  which  is  of  the 
Pacific  type,  lias  been  given  a  long  try-out  at  the  test- 
ing plant  at  Altoona,  at  speeds  ranging  up  to  85  miles 
per  hour.  Notwithstanding  the  immense  power  and 
weight  of  this  engine,  it  has  delivered  a  liorse  power 
hour  on  16.4  lb.  of  water  and  2.66  lb.  of  coal,  establish- 
ing a  record  in  this  respect;  tlie  best  i)erformance  of 
twenty  years  ago  was  a  horse  power  hour  on  about  27 
lb,  of  water  and  4  lb.  of  coal.  This  remarkable  locomo- 
tive showed  an  evaporation  of  6500  gal.  of  water  jier 
hour  and  develops  a  draft  in  front  of  tlie  diaphragm 
of  19.6  in.  of  water.  Tlie  maximum  coal  consumption 
in  these  tests  was  9700  lb.  (4.8  tons)  per  hour,  whieli 
was  accomplished  with  stoker  firing;  in  this  manner 
about  50  per  cent  greater  boiler  capacity  was  obtained 
than  would  have  been  possible  with  hand  firing. 

Twenty  years  ago,  ten-wheel  locomotives  were  in 
common  use  for  freight  service.  Tiie  standard  freight 
engines  on  the  Boston  &  Maine  Railroad  at  that  tim(\ 
had  19  X  26  in.  cylinders,  a  58  in.  boiler,  carrying  150 
lb.  of  steam,  a  grate  area  of  19.5  sq.  feet,  a  tractive 
power  of  20,600  11).,  and  a  weight  in  working  order  of 
116.000  11).  The  presiiit  standard  freight  engine  of 
this  road  is  of  the  consolidation  type,  with  24  x  30  in. 
cylinders,  a  68  in.  boiler,  carrying  180  lb.  of  steam,  a 
grate  area  of  53.5  s().  feet,  a  tractive  power  of  43,400 


11).  and  a  weight  in  working  order  of  210,500  lbs.  This 
engine  has  also  the  latest  features  of  design  such  as 
sui)erheater,  Walschaert  valve  gear,  piston  valves,  a 
brick  arch,  pneumatic  fire-door  opener,  etc.,  the  in- 
crease in  this  class  of  engines  being  90  per  cent  in 
power  and  Si  per  cent  in  weight. 

The  transportation  of  freight  is  the  most  important 
problem  that  the  majority  of  raili'oads  have  to  con- 
sider, as  it  produces  the  largest  part  of  their  gross 
revenue  and  consumes  the  greatest  proportion  of  their 
operating  expenses.  In  considering  the  best  type  of 
locomotives  we  are  confronted  with  a  great  variety  of 
requirements  which  must  be  met  in  conducting  this 
traffic.  The  consolidation  type  is  giving  good  service 
where  traffic  conditions  are  suited  to  its  limitations, 
that  is,  low  or  medium  speed ;  as  a  type,  it  carries  a 
greater  propoi-tion  of  weight  on  its  driving  wheels 
than  any  other  road-engine,  and  in  that  respect  is  the 
most  logical  type  to  select  for  the  above  mentioned 
class  of  traffic.  As  the  demand  came  for  more  rapid 
movement  of  freight  trains,  moi"e  powerful  consolida- 
tions with  larger  driving  wheels  were  developed,  but 
they  did  not  fill  the  requirements  as  expected  because 
of  lack  of  boiler  capacity  to  furnish  steam  at  the  higher 
speed,  and  also  the  fact  that  the  larger  driving  wheels 
had  restricted  the  depth  of  the  fire-box  to  such  an  ex- 
tent that  a  large  part  of  the  heating  surface  was  value- 
less. This  has  resulted  in  the  development  of  what  is 
called  the  ^likado  type  of  engine  which  is  really  a  con- 
solidation with  a  trailing  truck  whicli  permits  the  ap- 
plication of  a  boiler  large  enough  to  furnish  steam  for 
the  maximum  reciuiremeiits  and  at  the  same  time  give 
ample  room  for  a  fire-box  of  the  requisite  area  and 
depth.  This  tyj)e  is  the  latest  word  as  a  fast  freight 
locomotive,  a  large  nnuiber  liaving  been  built  in  the  last 
year  or  two. 

The  IMallet  type  or  articulated  locomotive  has  made 
it  possible  for  many  roads  to  increase  greatly  the  ton- 
nage over  a  division  on  which  a  short  heavy  grade  abso 
lutely  limits  the  train  load  to  a  fraction  of  what  could 
be  hanled  over  the  remainder  of  the  division  and  where 
it  is  too  expensive  to  reduce  the  grade.  Some  enor- 
mous IMallet  locomotives  have  been  built  of  recent 
years,  one  being  tested  out  liy  the  Pennsylvania  Rail- 
road which  has  evaporated  71.000  lb.  of  water  and  con- 
sunies  15,000  lb.  of  fuel  jier  hour;  in  this  engine  both 
sets  of  cylinders  are  simple,  whereas  usually  Mallet 
locomotives  are  of  the  compound  type.  The  fuel  con- 
sumed at  tlie  above  rate  was  86  per  cent  of  two  con- 
solidation locomotives  of  equal  aggregate  power. 

The  greatest  advance  in  locomotive  development  in 
recent  years  has  been  the  perfection  and  ajiplication 
of  the  high-temperature  superheater.  Although  in- 
troduced extensively  only  a  little  over  two  years  ago, 
it  has  ]iroved  its  value  so  undoubtedly  that  today  there 
are  over  7.000  locomotives  with  superheaters.  This 
device   makes   it    possilile   to   reduce   very   greatly   the 
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amount  of  fuel  consumed  and  wliat  is  fully  as  impor- 
tant also,  offers  a  method  of  obtaining  power  without 
exceeding  the  capacity  of  the  firenum.  Among  the 
many  attempts  that  have  been  made  to  improve  and  in- 
sure complete  combustion,  the  Gaines  flre-box  and  com- 
busting chamber  is  an  example ;  in  tliis  device,  a  large 
volume  of  heated  air  is  introduced  into  the  fire-box 
through  tuyeres  in  the  vertical  wall  whicli  materially 
improves  combustion.  An  important  advantage  of  this 
type  of  fire-box  is  tlie  means  it  offers  of  getting  amph- 
depth  above  the  grate  in  designs  with  shallow  throat 
sheets. 

TRACK 

By  a.  B.  Corthell,^  Boston,  Mass. 

Xon-Mombrr 

The  first  steel  rails  made  in  this  country  were  rolled 
at  Danville,  Pa.,  in  1845.  Other  rollings  were  made  in 
the  same  year  by  the  Boston  Iron  Works,  the  Trenton 
Iron  Works,  the  New  England  Iron  Co.,  and  tlie  Phoe- 
nix Iron  Co.  The  first  Bessemer  rail  made  in  the 
United  States  was  rolled  in  Chicago  in  May,  1865 ;  the 
first  Bessemer  steel  rails  to  be  produced  on  a  commer- 
cial order,  were  rolled  in  Jamestown,  in  August  1867. 
The  introduction  of  the  Bessemer  process  thorough  Ij' 
revolutionized  the  art  of  rail  manufacturing  and  the 
ultimate  effect  on  railway  building  and  commercial  de- 
velopment of  our  coiintry  can  hardly  be  ovei'-estimated. 

Attempts  wei'e  made  about  1870  to  roll  a  combina- 
tion rail  with  steel  head  and  iron  web  and  base,  but  the 
rapid  reduction  in  price  of  all-steel  rails  rendered  this 
process  of  no  economic  value,  for  while  steel  rails  in 
1872  sold  for  $140  per  ton,  in  1882  the  price  had 
dropped  to  $35  per  ton.  This  cheaper  production  made 
possible  the  heavier  rail  of  recent  years,  also  the  largi'r 
locomotives,  greater  capacity  cars,  and  correspond- 
ingly greater  economy  in  railroad  operations.  It  is  in- 
teresting to  note  in  this  connection  that  there  seems  to 
have  been  a  fixed  relation  between  the  weight  of  rail 
in  pounds  per  yard  and  the  weight  of  locomotives  in 
tons,  for  when  we  had  60  lb.  rails  in  general  use,  we  had 
60  ton  locomotives,  and  with  the  100  lb.  rail,  came  100 
ton  locomotives ;  roughly  speaking  in  70  years  the 
weight  of  rails  has  increased  70  lb.  or  1  pound  per  year. 

Not  many  j-ears  ago  the  designing  of  rail  sections 
had  become  a  fad.  Most  engineers  were  called  upon  to 
get  up  a  new  standard  design  and  nearly  all  roads  had 
their  own  standard  sections.  As  a  matter  of  record,  the 
rail  mills  at  one  tinu'  had  no  less  than  188  diff'erent 
patterns  and  119  patterns  of  37  diff'erent  weights  per 
yard.  The  situation  was  investigated  by  the  American 
Society  of  Civil  Engineers  and  in  1893.  after  mo'v 
than  three  years  delil:>eration,  the  Society  reported 
upon  standard  sections  for  rail  from  40  to  100  pounds 
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vaiying  in  weight  in  5  lb.  increments.  This  report 
was  accepted  by  the  Society  and  recommended  to  the 
railroads  for  adoption  during  the  year  1901.  Rails  of 
the  above  type  of  sections  constituted  fully  75  per  cent 
of  all  the  I'ails  rolled  in  American  mills. 

In  1901  the  report  of  the  American  Railway  Asso- 
ciation reconnnending  tlie  use  of  33  ft.  rails  was 
adopted.  In  October  1907,  a  preliminary  report  was 
submitted  accompanied  by  two  series  of  proposed 
standard  rail  sections  and  in  1908  the  report  recom- 
mended types  A  and  B.  Since  October  1907  several 
mills  have  rolled  I'ails  substantially  in  accord  with  the 
new  .sections,  both  A  and  B,  and  it  has  been  demon- 
strated that  these  sections  can  be  finislied  in  the  mill  at 
a  lower  temperature  than  the  A.S.C.E.  sections.  A 
finer  grained  and  better  wearing  rail  should  be  secured. 
However,  great  care  must  be  exei'ci.sed  in  the  mills 
to  see  that  the  rails  are  actually  rolled  at  the  lower 
temperature. 

During  the  year  1913  there  has  been  laid  on  tlie  Bos- 
ton and  Maine  Railroad,  500  tons  of  85  lb.  frictionless 
rails  in  curves  of  5i/o  deg.  and  over,  with  which  it  is 
hoped  to  lessen  materially  the  flange  wear  on  high  rails 
which  on  sharp  curves  is  always  considerable.  Actual 
experiment  shows  that  curve  resistance  is  a  great  deal 
lessened  by  the  use  of  this  rail.  The  theorv  offered 
for  the  action  of  the  so-called  frictionless  rail  is  based 
on  the  means  that  it  offers  the  outer  wheel  on  each 
axle  to  become  dominant  over  the  inner  one,  and  the 
inner  wheel  to  slide  laterally  to  release  the  outer  wheel 
flanges  as  they  are  forced  against  the  outer  rail.  The 
outer  wheel  is  traversing  a  greater  distance  througli  a 
curve  than  the  inner  one  but  is  making  the  same  num- 
ber of  revolutions.  On  this  account,  a  compensating 
slide  of  the  outer  whet4  or  a  spin  of  the  inner  one  must 
occur.  The  frictionless  rail  allows  this  necessary  spin 
to  occur  at  the  inside  rail. 

No  subject  concenied  with  track  appliances  has  been 
more  discussed  than  that  of  the  joint  fastening.  The 
evolution  of  joint  fastenings  has  advanced  through 
three  stages;  first,  the  chair  which  maintains  the  ends 
of  the  rail  in  alignment  and  serves  as  a  bearing;  sec- 
ond, the  fish  plate  which  afforded  the  rail  some  support 
under  the  head  but  greatly  improved  the  matter  by 
stiffening  the  junction  of  the  rails  vertically,  and  third, 
the  angle  bar  which  combines  the  features  of  the  fish 
]ilate  and  flange  and  effected  a  great  improvement  in 
both  the  vertical  and  horizontal  stiffness  of  joint  fas- 
tening; the  plain  angle  bar  is  very  simple,  easily  ap- 
plied and  cheap  in  first  cost. 

The  conditions  which  bear  some  relation  to  the  wear 
of  splice  bars  are  the  extent  of  bearing  surface  and 
the  hardness  of  the  metal.  In  the  new  85  lb.  rails  and 
smaller  sizes,  the  question  arises  whether  the  plain 
angle  bar  meets  with  the  ideal  requirements  of  the 
splice  bar  in  the  two  important  respects,  strength,  and 
the  wear  in  the  immediate  vicinity  of  the  joint  which 
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affects  the  close  luiioii  of  the  parts.  We  know  that 
angle  bars  are  not  strong  enough  because  they  beud 
and  take  a  pennanent  set  in  service,  and  occasionally 
one  breaks.  The  supported  joints  whicli  we  have  liutl 
in  use  are  the  Fisher,  the  Continuous  and  the  Weber 
joints. 

For  bolts  to  fasten  the  joints  to  the  rails,  tiie  most 
etficient  are  those  having  the  so-called  grip  thread. 
This  bolt  is  made  of  a  soft  steel  and  the  threads  are 
cold  pressed  in  a  manner  to  upset  the  metal  so  as  to 
reduce  the  diameter  of  the  bolt  but  slightly  at  the  bot- 
tom of  the  thread.  The  threads  are  ratchet  shape  and 
under  cut  5  deg.  on  the  bearing  side.  In  the  nut  the 
bearing  side  of  the  thread  is  at  right  angles  to  the  axis 
of  the  aperture,  so  that  when  it  is  screwed  tight  against 
the  splice  bar  the  threads  of  the  bolt  give  to  the  extent 
of  wliicli  they  are  undercut  and  the  metal  will  be 
pushed  completely  to  the  outer  recesses  of  the  nut 
threads,  so  as  to  liold  the  nut  against  turning  off.  The 
nut  is  .square  with  the  corners  chamfered  next  to  the 
wearing  surface  which  gives  an  approximately  circu- 
lar bearing.  On  the  bearing  side  the  nut  is  recessed 
the  depth  of  a  thread  and  to  a  diameter  somewhat 
larger  than  that  of  the  threaded  bolt,  tlius  housing  and 
protecting  the  many  threads  against  injury  by  the 
chafing  on  the  splice  bar. 

The  first  tie-plates  were  used  to  prevent  rails  from 
cutting  into  and  destroying  the  ties.  Gradual  develop- 
ment has  added  other  features  such  as  the  top  shoulder, 
spike  hole,  bottom  claws  and  ribs,  all  tending  to  make 
the  tie-plate  not  only  a  tie  protection  but  a  more  valu- 
able rail  brace.  Economy  of  material  compels  a  mini- 
mum of  weight  consistent  with  strength  and  one  of  the 
most  important  considerations  is  to  obtain  a  tie-plate 
which  will  unite  firmly  with  the  tie;  otherwi.se  it  will 
pound  the  tie  and  wear  it  under  rail  vibration  and 
afford  no  lateral  resistance  to  the  spreading  of  the  rails. 
As  such  a  requirement  cannot  be  had  by  a  plate  with  a 
smooth  underside,  practically  all  tie-plates  are  now 
made  with  imder  projections  in  the  shape  of  claws 
which  enter  the  wood  crosswise  of  the  grain  or  of  the 
flanged  or  rib  type  which  enter  the  wood  longitudinally 
with  the  grain.  In  the  former  case  the  lateral  displace- 
ment of  the  plate  is  resisted  by  an  abutment  against 
an  end  section  of  the  fibres.  The  standard  Boston  and 
Maine  tie-plate  has  four  flanges  which  enter  the  grain 
of  the  tie  longitudinally,  running  the  widtli  of  tli" 
plate.  Tlie  latest  tie-plate  shows  the  two  longitudinal 
flanges  and  two  smaller  transverse  flanges  on  the  bot- 
tom, a  heavier  shoulder  and  a  better  portioning  of  ma- 
tei'ial. 

Wooden  ties  have  been  almost  universally  used  by 
the  railroads  of  this  country  and  are  still  used  as  best 
practice.  Steel  ties  and  tics  of  concrete  construction 
have  been  made  and  are  used  to  some  extent  with  vary- 
ing success.  For  wooden  ties,  the  hard  wood  tie  of 
oak,  chestnut  and  hard  pine  are  used  mostly  for  main 


line  ti-aftic  and  the  softer  woods  such  as  cedar,  for 
branch  lines  of  light  service.  The  standard  Boston  and 
Maine  tie  is  6  in.  thick  by  8  in.  wide  and  8  ft.  long. 
The  average  life  of  a  chestnut  tie  is  seven  yeai-s,  and 
hard  pine  ties  eleven  years.  The  life  of  a  tie  can  be 
lengthened  by  the  use  of  tie-plates  and  presei-vatives. 

1  can  see  no  radical  change  in  the  present  track  ma- 
terials or  methods  in  the  immediate  future.  The  rail 
may  be  heavier  and  more  spikes,  tie-plates  and  braces 
added,  but  the  general  design  will  be  the  same.  The 
changes  in  tuimouts  and  yards  will  be  most  marked ; 
longer  switch  leads,  wider  spacings  of  track,  heavier 
rail  and  more  careful  maintenance  are  already  neces- 
saiy  in  a  great  number  of  our  yards  due  to  the  in- 
creased loads  in  power  and  rolling  stock.  In  the  Penn- 
sylvania Terminal  in  New  York  City,  we  find  part 
of  the  tracks  laid  on  stone  ballast  and  some  part  on  a 
solid  concrete  base,  with  creosoted  ties  bedded  therein 
and  anchored  by  bolts  to  the  concrete. 

ELECTKICAL  EQUIPMENT 

Bv  Frederic  D.  Hall/  Boston,  Mass. 

Non-Member 

SYXOPSIS  OF  PAPER 

The  author  showed  slides  illustrating  types  of  later 
electric  locomotives  and  the  catenary  construction  for 
both  A.C.  and  D.C.  operation.  The  present  slow 
growth  sliould  not  be  taken  as  a  sign  of  lessened  de- 
termination or  activity.  The  installations  already 
made  for  special  requirements,  while  handling  traffie 
in  a  manner  impossible  by  steam,  are  short  and  dis- 
connected, thereby  not  permitting  realization  of  full 
economies.  No  statement  that  installations  are  other 
than  successful  can  be  regarded  seriously,  for  railway 
managers  are  too  conservative  and  too  much  occupied 
with  detail  required  of  them  to  listen  readily  to  rad- 
ically new  methods  of  operation.  The  present  attitude 
of  manufacturei"s,  each  exploiting  his  own  system,  is 
confusing  to  railway  men,  and  detrimental  to  their 
common  interests;  designing  engineers  are  not  very 
far  apart  in  their  convictions.  A  standardized  system 
of  distribution  must  be  worked  out  before  an  argument 
strong  enough  to  carry  conviction  can  be  presented, 
and  tlie  biirden  of  proof  must  rest  on  the  manufactur- 
ers. Railway  managers  are  not  fair  in  their  consid- 
eration of  electrification,  since  they  compare  the  cost 
of  an  entire  electrification  with  tliat  of  a  few  steam 
locomotives  from  time  to  time  without  sufficient  regard 
for  future  requirements  and  without  considering  the 
various  expensive  clianges  in  road  bed.  bridges,  engine 
houses,  turntables,  new  shops  and  tool  equipments,  etc., 
made  necessary  by  the  heavier  power,  not  only  a  heavy 
capital  charge  but  an  ever  increasing  operating  cost, 
not  eliarged  to  cost  of  new  locomotives  but  passed  by 
merely  as  improvements  to  property. 
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FOREIGN  REVIEW   AND   REVIEW  OF  PROCEEDINGS  OF 

ENGINEERING  SOCIETIES 


ENGINEERING  SURVEY 

The  man  who  makes  assumptions  in  engineerinsj  must 
exi)ect  to  find  that  he  is  wrong,  and  the  Engineering  Survey 
of  this  month  presents  several  illustrations  of  this  fart:  the 
working  processes  in  a  suction  comjiressor  taking  air  at  an 
initial  pressure  above  atmospheric  are  not  as  they  were 
usually  assumed  to  be;  the  action  of  gripping  devices  on 
elevators  is  different  from  what  it  was  supposed  to  be;  and 
the  same  is  trae  to  a  certain  extent  with  res]5eet  to  the  re- 
sistance of  locomotives  and  operation  of  saturated  steam 
locomotive  boilers. 

THIS    JIOXTIl's   AKTICLES 

The  article  on  the  operation  of  suction  compressors  has 
been  already  mentioned  above,  as  well  as  the  investigation 
of  grip  devices.  In  the  article  on  centrifugal  pumps  built 
by  a  German  concern  is  desci-ibed  an  interesting  type  of 
jjump  for  mine  work,  particularly  adajited  to  sinking  shafts. 

The  railway  engineering  section  contains  an  account  of 
tests  of  a  saturated  steam  twin  express  locomotive,  in  which 
the  boiler  and  engine  have  been  tested  first  separately,  and 
then  together  as  a  unit.  In  another  part  of  the  same  section 
is  presented  an  extensive  abstract  of  a  series  of  Russian 
tests  on  the  resistance  of  locomotives  and  ears  while  in  mo- 
tion and  under  various  atmospheric  conditions  (it  is  the 
general  rule  of  the  Engineering  Survey  to  make  more  ex- 
tensive abstracts  of  articles  published  in  little  accessible 
publications,  or  languages  not  commonly  known  in  this 
country). 

A  variation  in  the  design  of  combined  Cornwall  tubular 
boilers  is  described  in  the  Steam  Engineering  Section,  the 
advantage  of  the  type  being  its  higher  coefficient  of  safety 
and  less  necessity  for  skilled  attendance.  In  the  same  sec- 
tion is  desci'ibed  a  rather  unusual  case  of  an  explosion  of 
a  de  Laval  rotor  caused  apparently  bj'  some  internal  de- 
fect in  the  material  which  had  not  been  previously'  discov- 
ered because  no  overspeed  tests  of  the  rotor  were  made  by 
the  manufacturers.  R.  Schulz  shows  tliat  it  is  mainly  the 
presence  of  oils  in  imperfectly  cleaned  water  of  condensa- 
tion, used  over  again  as  feedwater,  that  causes  corrosion  in 
boilers,  while  separators  for  extracting  oil  from  steam,  as 
usually  made,  are  far  from  being  efficient  enough  to  give 
an  absolute  guarantee  of  producing  water  of  condensation 
safe  to  use  hi  a  boiler.  Attention  is  called  to  the  interesting 
experimental  investigation  of  what  is  known  as  "  knock- 
ing "  in  the  crank  mechanism  of  reciprocating  engines,  the 
main  feature  of  which  is  that  it  is  experimentalhj  deter- 
mined with  a  special  apparatus  which  makes  it  possible  to 
establish  the  causes  of  knocking  with  great  completeness. 
The  apparatus  also  lends  itself  to  several  other  uses  in  con- 
nection with  the  investigation  of  machine  parts  ha\'ing  a 
motion  different  frcmi  one  along  closed  continuous  curves. 

A  communication  of  the  German  Royal  Testing  Labora- 
tories at  Gross  Lichterfelde  West  describes  a  new  method 
for  the  determination  of  heat  conductivity  of  refractory 
materials,   which    avoids   the    well-known    difficulties    of   the 
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calorimetric  method;  the  apjiaratus  is  simple  and  easily 
installed. 

Richard  H.  Rice  describes  the  ojieration  of  turbo-blowers 
for  blast  furnace  blowing,  and  shows,  by  means  of  a  spe- 
cially designed  apparatus,  that,  contrary  to  frequent  con- 
tentions, the  blast  from  a  turbo-blower  is  actually  more 
steady  than  that  from  a  recijjrocating  engine. 

From  the  Journal  of  the  American  Societj'  of  Naval  Engi- 
neers are  taken  articles  on  the  operation  and  trials  of  the 
U.  S.  Collier  Jupiter,  the  construction  of  which  has  been  de- 
scribed in  a  paper  presented  before  tliis  Society;  and  tests 
on  tlie  use  of  mixed  oils  in  forced-lubrication  systems  which 
appear  to  establish  that  such  a  use  of  oils  has  no  harmful 
effects.  From  the  same  source  is  also  taken  an  empirical 
formula  for  the  ueight  of  steam  passing  through  a  veuturi 
tube  (a  modified  Rankine  foi-mula). 

Data  ujion  the  new  turbine  pumps  of  the  St.  Louis  Water 
Works,  and  a  formula  for  cajiitalizing  the  investment,  are 
presented  in'  a  paper  before  the  Association  of  Engineering 
Societies.  The  Australasian  Institute  of  Mining  Engineers 
has  a  paper  on  the  requirements  of  economical  winding  con- 
taining, among  other  things,  an  interesting  list  of  safety 
devices  which  the  author  claims  to  be  necessary  in  a  winding 
engine  as  ■'  the  saving  of  property  in  the  event  of  an  acci- 
dent more  than  compensates  for  their  initial  and  maintenance 
costs."  The  principles  of  scale  constraction  are  summarized 
from  the  manuscript  of  a  paper  j)resented  before  the  Eighth 
Annual  Conference  of  Weights  and  Measures  (very  kindly 
loaned  for  tliis  purjjose  by  the  author,  Jlr.  A.  Bousfield ) . 

Professor  Horace  Judd,  in  a  jiaper  before  the  Ohio  So- 
ciety of  Mechanical,  Electrical  and  Steam  Engineers,  jire- 
sents  interesting  data  on  the  Taylor  stoker  operating  under 
ordinary  conditions. 

(.)wing  to  lack  of  space  several  articles  whieli  would  other- 
wise be  reported  in  this  issue,  have  been  held  until  another 
issue. 

Articles  appearing  in  flie  Survey  are  classified  as  c  com- 
parative; d  descriptive;  e  e  ;perimental;  g  general;  h  his- 
torical; m  mathematical;  p  practical;  s  statistical;  t  theoret- 
ical. Articles  of  exceptional  merit  are  rated  A  by  the 
reviewer.  Opinions  expressed  are  those  of  the  reriewer,  not 
of  the  Society. 

FOREIGN   REVIEW 

Air  Machinery 

Influence  or  the  Suction  Pressure  of  a  Compressor 
ON  ITS  Power  Consumption  and  Output  (Der  Einfluss  der 
Saugspannung  eines  Kompressors  mif  dessen  Kraftverbrauch 
und  seine  Ansangeleistung,  Hans  AVunderlich.  Bie  Forder- 
iechnik,  vol.  7,  no.  9,  p.  10.5,  May  1,  1014.  3  pp.,  5  figs. 
t).  There  are  still  many  erroneous  ideas  about  the  power 
consumption  of  compressors,  working  on  gases  having  an 
initial  pressure  above  the  atmospheric,  and  there  are  even 
]iersons  who  still  believe  that  the  compressor  working  with 
such  gas  consumes  less  power  than  one  handling  gas  at  an 
initial  atmospheric  pressure.  They  do  not  consider  the  facts 
that    the   suction    volume    corresponding   to    various   suction 
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pressures  is  not  constant  and  that  tlie  heat  relations  in  such 
a  compressor  are  essentially  ditt'erent  from  those  in  a  com- 
pressor which  takes  its  supplj'  at  atmospheric  pressure.  In 
order  to  determine  the  power  consurai)tion  of  such  a  com- 
pressor, tiie  author  proceeds  in  two  ways,  first  determining 
the  theoretical  power  consumption  by  means  of  entropy  dia- 
grams, and  then  grapiiically. 

Theoretical  determination  of  j^ouer  consttmptiun  of  thf 
compressor  by  means  of  entropy  tables.  In  Fig.  lA  a  b  rep- 
resents the  adiabatic  ciirve  and  a  c  the  isothennal.  Further, 
the  work  of  isothermal  comijression  is  represented  by  the 
area  a  c  d  f  which  is  gennietrically  equal  to  the  area  a  c  g  h 
representing  the  P  ^'  diagram  in  the  present  case.  It  eom- 
])rises  the  work  of  compression  and  the  woik  delivered  at 
constant  pressure.  The  value  corresponding  to  both  of  these 
ureas  is  (see  Fig.  IB). 


A 


-mAg. 


If  the  conijiression  occurs  adiabatically,  which  is  nearer  to 
what  actually  happens,  then  the  area  a  b  e  f  in.  Fig  lA  rep- 
resents the  corresponding  work ;  to  this  should  be  added  the 
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Fig.   1     Diagrams  of  the  Working  of  a  Compressor  Taking  Gas  at  an 
Initial  Pressure  above  Atmospheric 


Strip  b  c  d  e  representing  the  heat  losses  through  radiation 
and  conduction,  due  to  the  fact  that  the  air  or  gas  goes  to 
the  place  of  consumption  without  usefully  employing  the 
heat  which  it  contained  when  it  left  the  compressor.  The 
area  a  b  c  d  f  represents  therefore  the  total  work  consumed 
in  adiabatic  compression.  Such  work  on  the  PV  diagram 
being  represented  by  the  area  n  b  (j  li.  the  value  corresjiond- 
ing  to  it  is 
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in  order  to  obtain  the  number  of  horsepower  for  each  case, 
one  nnist  divide  the  values  of  L,  and  La  by  75.  and  this,  with 
mechanical  ellicicncy  cj>,  will  give  the  following  expressions: 

.V,  =-^J  and  xV.  =  ^_'- 

In  tlie  above  i'ormulae  and  figures,  the  following  n(itatinM 

is  used:    .1,  the  mechanical  c(|uivalent  of  heat.      .,_  m/lig; 

6',,  S..,  entropy;  0^,  specific  heat  at  constant  pressure; 
r,.  T.,,  absolute  temperatui'cs;  f„  t.,,  temperatures;  Gs,  weight 
of  air  taken  in  by  the  compressor  per  second;  L,  work  gen- 
erally; Li,  L,„  work  under  specific  conditions;  N-,,  indicated 
horsepower;  iV^,  effective  horseiiower;  (^,  mechanical  effi- 
ciency. 

Graphical  determinatimi  nf  power  consumption.  I'or  this 
purpose  one  has  to  ph)t  the  PV  diagram  with  the  corre- 
sponding suction  pressures  and  the  recjuired  end  pressure 
and  evaluate  it  by  means  of  a  planimeter  in  order  to  establish 
thus  the  average  diagi'am  pressure  p  m.  Fi'om  this  the 
work  required   for  operating  the  compressor  can   lie   deter- 


mined by  means  of  the  equation  L  =  10,000  F(pm)c  =  Pc 
and  from  this  the  indicated  and  effective  horsejiower  con- 
sumption are  derived  respectively: 

A',  =  Pc/75  and  N,  =  Pc/75^ 
In  this  equation  F  is  the  area  of  the  piston  in  square  meters, 
/nn  the  average  diagram  pressure  in  kg.  per  square  meter, 
<■  i>iston  velocity  per  second  in  meters,  P  power  on  the  con- 
necting rod  in  kg.  For  air  at  IG  deg.  cent.  (60.8  deg.  fahr.) 
and  an  output  of  1  kg.  ol  air  taken  in  per  second,  the  above 
equation  assumes  the  form  L  =  8350  pm  m  kg. 

The  autlior  gives  two  examples  of  the  application  of  this 
method  of  which  the  first  will  be  reported  here.  Let  the  end 
pressure  of  an  air  compressor  be  11  atmospheres  absolute 
iind  be  constant,  while  the  suction  pressure  varies  from  1 
atmosphere  to  2,  ,3,  4,  etc.,  up  to  ten  atmospheres,  increasing 
Ijy  steps  of  one  atmosphere  each.  The  compression  is  in  a 
single  stage  and  proceeds  on  the  purely  adiabatic  process, 
in  accordance  Avith  the  law,  pr'-"  =  C,  the  suction  tem- 
perature is  in  all  cases  16  deg.  cent,  or  60.8  deg.  fahr.,  and 
tlie  weight  of  air  1.2  kg.  per  cubic  meter  (0.74  lb.  per  cu. 
ft.).  The  work  theoretically  expended  by  the  compressor 
per  second  is  in  accordance  with  the  equation 
L„  =  cp  (r,  —  7',).427.G,  m  kg., 
where  Gs  is  for  simplicity's  sake  assumed,  at  atmospheric 
pressure,  to  be  equal  to  one.  The  rise  of  temperature  of 
the  air  which  occurs  in  adiabatic  compression  is  read  off  for 
each  case  directly  from  the  entropy  table.  The  specific  heats 
vary  slightly  with  the  temperature  but  ])racti(ally  are  not 
affected  by  higli  iiressures, 
Cp  =  0.2259  +  0.0000394  T  and  c,  =  0.1574  +  (1.0000394  T 

The  compressor  outputs  at  suction  pressures  from  one  to 
ten  atmospheres  absolute  and  final  pressure  of  eleven  atmos- 
jiheres  absolute  are  evaluated  as  follows:  The  last  column  of 
Table  2  is  obtained  by  making  L.  I.  equal  to  100  per  cent. 
This  shows  the  large  influence  of  the  suction  pressure  on  the 
power  consumption  of  a  compressor.  It  appears  that  it  is 
at  its  best  between  three  and  four  atmospheres  absolute 
and  from  there  on  rises  by  about  50  per  cent.  In  Fig.  IC 
the  output  curve  for  this  case  is  plotted  and  from  it  the 
power  consumption  in  percentages  of  LJ  can  be  read  off 
directly.  The  author  gives  also  the  ten  diagrams  corre- 
sponding to  each  of  these  cases  and  derives  the  jjower  con- 
sumption for  each  case  from  the  diagrams.  The  two  meth- 
ods give  practically  identical  results,  but  the  determination 
from  the  entropy  table  is  much  easier  and  simpler.  In 
practice  it  is  quite  often  important  to  know  which  way  of 
compression  would  prove  more  economical;  for  example,  if 
it  is  necessary  to  compress  a  certain  amount  of  air  (say  for 
testing  purposes)  to  225  atmospheres  while  the  compressed 
air  system  of  the  shop  has  a  pressure  of  only  six  or  seven 
atmospheres,  it  is  more  economical  to  use  a  small  single  stage 
pump  than  an  expensive  two  stage  compressor.  On  a  larger 
scale,  the  same  considerations  apply  to  the  production  of 
compressed  air  for  mine  locomotives.  There  quite  high  pres- 
sures, around  150  atmospheres,  are  used,  and  to  produce 
them  four  and  five  stage  compressors  of  about  320  h.p.  are 
required.  If  the  same  compressor  would  receive  the  air 
from  tlie  compressed  air  system,  i.  e.,  previously  compressed 
to  six  or  seven  atmospheres,  one  could  eliminate  at  least  one 
stage,  which  would  be  equivalent  to  a  saving  of  about  80 
h.p.  The  compressor  would  become  simpler,  power  smaller 
and  total  costs  of  installation  lower. 
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Hoisting  Machinery 

Investmation  of  Grip  Devices  on  Elevators  in  Actual 
Operation  (Uvlersucliuiiyen  an  Fuiigrorrichtuntjen  im  Be- 
triebe  befitidlicher  Aufziige,  R.  Mades.  Zeits.  des  Vereines 
deutsclicr  Ingcnieure,  vol.  58,  no.  21,  p.  827,  May  23,  1914. 
9  pp.,  31  figs.  eA).  The  present  article  covers  investiga- 
tions of  grij)  devices  on  freight  and  passenger  elevators. 
Most  of  the  investigations  made  hitlierto  have  been  effected 
with  an  apparatus  showing  the  retardation  of  the  elevator 
by  means  of  a  spring  and  weight.  In  the  present  instance 
the  process  adopted  was  that  of  time-path  diagrams  because 


it  was  desired  to  investigate  llie  niulion  ot  the  grip  wedges, 
simultaneously  with  that  of  the  elevator  itself.  This  process 
led  to  the  formation  of  now  views  with  regard  to  the  mod( 
of  operation  of  gripping  devices.  The  diagrams  were  then 
subjected  to  a  graplncal  process  of  estimation.  The  testing 
arrangement  was  such  that  Ijoth  cage  ropes  or  each  one 
singly  could  be  instantly  released  either  while  at  rest  or 
during  the  downward  motion.  The  releasing  device  acted 
so  suddenly  tliat  in  the  diagram  no  distinction  could  be  dis- 
covered between  the  beginning  of  the  theoretical  curve  of 
fall  and  the  instant  of  release.     The  measuring  device  con- 
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sisted  ol'  a  measuring  drum  a,  Figs.  2 A  and  B,  160  ram  (6.4 
in.)  in  diameter  and  oOl)  nun  (19.6  in.)  lung  with  a  diagram 
sheet  500  by  500  mm  (19.6  x  19.6  in.)  area.  The  drum 
was  at  (irst  given  an  at-ocleration  by  means  of  a  powerful 
spring  b,  and  wlien  it  reaolied  its  highest  angular  velocity 
(after  a  rotation  through  40  nnn  (1.57  in.)  measured  along 
the  periphery),  it  was  further  rotated  by  a  dock  device  pro- 
vided with  a  brake  governor  c  in  such  a  manner  as  to  main- 
lain  the  angular  velocity  constant.  The  drum  a  makes  one 
complete  revolution  and  is  uncoupled  by  means  of  the  rope 
d  a  short  time  previously  to  the  release  of  the  car.  The 
time  of  revolution  is  usually  set  at  one  second  since,  in  ad- 
dition to  the  gripjjing  i)rocess  which  lasts  about  0.2  seconds, 
there  are  subsequent  phenomena  which  take  up  the  rest  of 
the  time  up  to  one  second.  This  time  is  measured  by  means 
of  a  calibrated  tuning  fork  e,  giving  100  double  oscillations 
in  one  second.  The  diagram  is  traced  directly  on  paper. 
There  were  also  recorded  the  instant  of  the  release  /  and 
the  motion  of  both  grip  wedges  y.  The  tests  were  made 
with  wedges  mounted  on  springs  and  provided  with  rolls. 
Fig.  2C,  in  such  a  manner  that  one  rope  was  released  when 
in  the  state  of  rest,  first  with  an  empty  elevator  and  then 
with  gradually  increasing  loads;  ne.xt,  the  same  test  was 
made  during  the  downward  run  at  normal  velocity. 

The  diagram  D  shows  that  the  elevator  has  a  free  fall  up 
to  about  50  mm  and  from  there  on  begins  an  irregularity 
(if  the  curve  of  fall  and  consequently,  some  sort  of  braking. 
It  was  established  by  grajjhical  methods  that  there  is  a 
maximum  retardation  of  24.9  meters  (81.6  ft.)  per  second 
per  second,  when  the  weight  of  the  elevator  proper  is  1100 
kg  (2420  lb.)  and  no  excess  load  applied.  The  diagram 
shows  further  that  after  the  elevator  came  to  rest,  it  jumped 
u|)  24  mm  (say  1  in.)  and  then  after  a  period  of  0.48  seconds 
came  to  rest  with  an  average  travel  of  fall  of  92  mm  (3.62 
in.).  It  was  found  further  that  the  elevator  was  thrown  up- 
waid  tlirough  the  elastic  action  of  the  compressed  guides 
a]i(l  that  this  upward  jump  was  facilitated  through  the  pres- 
ence of  rolls  on  the  reverse  side  of  the  grip  wedges.  In  a 
a  second  test  the  ele\ator  showed  a  maximum  travel  of  fall 
115  mm  with  a  retardation  of  10.').5  meters  (339.48  ft.)  per 
second  per  second,  and  a  force  of  1140  kg  (2508  lb.).  The 
elevator  was  gripped  at  exactly  the  same  spot  as  in  the  first 
case.  The  increase  of  the  shock  taken  up  by  the  two  guides 
appeal's  to  be  due  to  the  fact  that  during  the  first  test  the 
guides  were  strongly  compressed  at  the  place  of  grip  and 
during  tlie  second  test  did  not  possess  the  same  amount  of 
claslicity.  The  motions  of  the  gri])  wedges  show  that  the 
latter  had  not  come  to  rest  when  the  elevator  was  already  at 
rest  (compare  Fig.  2E).  During  the  third  test  the  maximum 
retardation  rose  to  128  m  (419.8  ft.)  per  second  per  sec- 
ond and  the  force  of  shock  to  14,050  kg  (30,974  lb.).  The 
motions  of  the  grip  wedges  were  still  more  violent  than  in 
the  second  test  while  the  rise  of  the  force  of  shock  was  less 
than  in  the  second  test,  which  indicates  that  the  guides  were 
compressed  nearly  to  the  limit  (the  gripping  was  executerl 
always  at  tlie  same  spot.  Fig.  2F).  Further  diagrams  show 
that  the  shocks  and  motions  of  the  grip  wedges  become  more 
and  more  violent  and  since  tliey  are  very  irregular  in  their 
action,  the  elevator  assumed  inoi-e  and  nun'e  of  a  pendular 
motion  and  struck  against  the  guides  from  which  it  was  vio- 
lently repulsed.  If  a  resonance  should  occur  between  the 
pendular  motion  of  the  elevator  and  the  oscillations  on  tlie 
guides,  while  the  motions  of  the  grip   wedges  shunhl   cnine 


into  synchronism,  complicated  processes  would  take  place 
(this  may  easily  happen  because  the  grij)  wedges  are  of 
similar  construction  and  equal  weight).  The  diagram  in 
Fig.  2G  shows  that  the  possibility  of  the  motions  of  the  grip 
wedges  being  in  synchronism,  is  by  no  means  excluded,  and 
when  this  happens,  the  knocks  are  sometimes  so  violent 
that  the  pencil  jumps  out  of  its  bolder  on  the  drum  even 
tliough  it  is  held  there  by  a  stiff  spring. 

The  author  points  out  that  the  usual  tests  do  not  fully 
guarantee  the  safety  of  operation  of  elevators  as  they  do 
not  establish  the  possible  weakening  of  the  guides  due  to 
tlie  gripping  and  the  loss  of  friction  in  the  grip  wedges  due 
to  the  roughened  face  of  the  wedge  being  filled  up  by  j)ar- 
ticles  of  wood.  He  recommends  therefore  a  series  of  tests 
which  would  comprise:  a  release  of  a  single  carrying  rope, 
first  with  no  load  and  then  with  graduallj'  increasing  loads; 
release  from  rest  of  both  carrying  ropes,  first  with  no  load 
and  then  with  gradually  increasing  loads;  release  of  a  single 
rope  during  the  downward  run  at  normal  velocity,  first  with 
no  load  and  then  with  gradually  increasing  loads,  and  a 
similar  release  of  both  ropes.  At  the  same  time  proper 
tests  siiould  be  made  to  establish  at  each  velocity — whether 
the  governor  sets  into  operation  the  gripping  device  and 
whether  it  is  done  in  a  proper  manner.  The  article  contains 
further  tests  showing  among  other  things  the  comparison 
between  gi-ip  wedges  mounted  on  springs  and  working  with- 
out springs  and  also  the  general  action  of  such  wedges.  In 
the  tests  made  with  )iassenger  elevators,  it  was  also  shown 
that  there  is  a  violent  jumping  of  the  grips.  The  author 
shows  the  braking  follows  not,  as  was  liitherto  assumed,  a 
parabolic  curve,  but  acts  intermittently,  in  shocks. 

Hydraulics 

IXFLUEXCE   OP   A    COAT   OF    InERT    OiL   OVER    THE    InsIDE    OP 

C'emext  Pipes  on  tue  Resistance  to  the  Flow  op  Water 
TiiROUGii  THE  Pipe  {Ehifluss  des  Innenanstrichs  von  Ze- 
meiitcoJireii  mit  Inertol  auf  die  Grosse  des  Leitungswider- 
statideSj  den  Wasser  beim  Fliessen  in  Zementcohren  findet, 
II.  Stiickle.  Zi'its.  des  Vereiiies  deutscher  Injenieure,  vol. 
58,  no.  20,  p.  796,  May  16,  1914.  2  pp.,  7  figs).  The  Paul 
Lechler  Company  of  Stuttgart,  Germany,  made  quite  an  ex- 
tensive series  of  tests  to  determine  the  influence  of  a  paint 
of  inert  oil  on  the  flow  of  liquid  in  a  cement  pipe.  This 
was  done  by  comparing  the  flow  of  water  through  a  pipe, 
the  surface  of  which  in  one  series  of  tests  remained  rough 
and  in  another  was  covered  with  a  paint  of  inert  oil.  The 
pipe,  having  a  gradient  of  231.5  mm.  in  a  length  of  15.236 
m.,  was  laid  for  20  m.  (65.6  ft.)  and  had  an  average  open- 
ing diameter  of  148  mm.  (say  6  in.).  It  consisted  of  twenty 
pieces  each  one  meter  long,  carefully  connected  with  one 
another,  and  the  joints  filled  with  cement  and  thoroughly 
smoothed.  At  one  end  of  the  cement  pipe  was  added  a  cast 
iron  pipe  about  2  m.  (6.5  ft.)  long  and  the  same  diameter 
as  the  cement  pipe.  At  the  other  end  was  a  connection  with 
a  water  tank,  arranged  in  such  a  manner  as  to  permit  a  con- 
stant pressure  head,  which  might  \ary  from  one  test  to  an- 
other. In  all  tests  the  water  came  out  from  the  piping 
through  a  long  sweep  bend  either  into  a  measuring  tank  or 
at  a  free  out-flow-.  In  the  second  series  of  tests  the  same 
conditions  were  maintained,  but  the  inside  of  the  pipe  was 
covered  by  a  paint  of  inert  oil.  The  article  gives  full  data 
of  the  test.     From  the  results  obtained  it  appears  that  the 
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toeflicient  of  resistauee,  determined  from  the  usual  equation 
given  below,  decreases  for  iuoreasiug  velocities  of  How  wlien 
the  latter  vary  from  0.G3  to  1.69  m.  per  second;  but  in  the 
ease  of  the  pipe  covered  by  a  paint  of  inert  oil  it  is  gen- 
erally smaller  than  in  the  rough  pipe  and  decreases  more 
rapidly  with  increasing  velocity  of  flow,  the  difference  of 
its  value  in  favor  of  the  oil-painted  pipe  being  2.5  per  cent 
for  a  velocity  of  flow  of  0.659  m.  per  second  to  7.1  per  cent 
for  a  velocity  of  flow  of  about  1.69  m.  per  second.  The 
author  gives  a  diagram  where  the  values  of  both  coefficients 
of  resistance  are  plotted  with  water  velocities  as  abscissae 
and  resistances  as  ordinates.  The  values  of  the  coefficient 
of  resistance  for  rough  pipes  appear  to  lie  in  a  practically 
straight  line  while  those  for  the  oil-painted  pipe  appear  to 
have  a  considerably  greater  curvature. 

The  equation  referred  to  above  is  as  follows : 

(7  2y 


X 


I     c 


where  d  =  inside  diameter  of  pipe  in  meters,  1  =  length  of 
pipe  in  meters,  c  =  velocity  of  flow  of  water  in  the  pipe  in 
m/sec,  ;/  =  9.81  Mi/sec.  and  h  =  loss  of  head  m  meters. 

Centrifugal  Pumps  of  the  Maffei-Sciiwartzkopff 
COMPANV  IX  Berlin'  (Der  Kreiselpiimpciihau  der  Maffei- 
Schicartzkopff-M^er1<e  G.  m.  p.  H.,  Berlin,  R.  Schnabel.  Zeits. 
des  ]'ereines  deut^clter  Infjcnieure,  vol.  58,  no.  20,  p.  769, 
May  16,  1914.  10  pp.,  53  figs.  d).  The  company  builds  two 
main  types  of  pumps  of  the  high-pressure  type  where  large 
heads  o^'  delivery  ha\"e  to  be  handled.  The  type  preferably 
selected  is  that  with  an  undivided  cylindrical  casing:  its 
advantage,  especially  for  operation  in  mines,  consists  in  the 
fact  that  the  pump  may  be  dismantled  without  lifting  the 
casing  from  the  plate.  In  the  other  type,  wliich  is  used 
mainly,  though  not  exclusively,  for  small  delivery  heads, 
the  pump  is  divided  into  several  sections  vertically  in  ac- 
cordance with  the  number  of  stages,  the  separate  parts  of 
the  casing  being  held  together  by  threaded  bolts.  The  shape 
of  the  rotor  and  distributor  blades  which  determine  the  out- 
put of  the  pump  and  its  efficiency  are  in  their  main  char- 
acteristics the  same  for  both  types.  The  suction  standpipe 
is  located  at  the  side  of  the  coupling  in  order  to  preserve  the 
accessibility  of  the  automatic  balancing  device  on  the  pres- 
sure side.  All  parts  inside  the  pump  w'hich  have  to  be  pro- 
vided with  packing  between  two  spaces  of  different  pres- 
sures, such  as  the  rings  at  the  entrance  of  the  wheels,  the 
bushes  between  stationary  and  rotating  parts  and  so  on,  are 
made  of  appropriate  alloys,  which  under  ordinary  circum- 
stances show  practically  no  wear.  Special  attention  was 
paid  to  the  production  of  a  device  for  compensating  the 
axial  thrust  which  would  work  reliably  under  all  eondi- 
iions,  a  fundamental  requirement  for  the  operation  of  a 
high-pressure  centrifugal  pump.  This  device  consists  of  a 
piston  which  constantly  tends  to  move  the  shaft  in  a  direc- 
tion opposite  to  the  axial  thrust,  and  a  vertical  throttling 
disk  which  regulates  the  pressure  of  the  fluid  acting  on  tlie 
piston  and  in  this  way  takes  up,  in  an  entirely  automatic 
way,  the  forces  constantly  acting  in  the  direction  of  the  suc- 
tion side.  In  addition  to  that,  the  outer  end  of  the  piston 
carries  another  disk  for  the  balancing  of  the  sleeve.  This 
latter  device  first  comes  into  action  when  the  piston  has 
undergone  a  large  amount  of  wear  and  in  this  case  takes  up 
the  axial  thrust  also. 

Apart  from  the  sleeve  balancing,  which,  however,  seldom 


comes  into  action,  the  two  types  of  pumps  differ  with  respect 
to  the  balancing  of  the  axial  thrust  only  by  the  location  of 
the  throttling  disk  in  front  or  behind  the  piston,  of  which 
the  water  leak  is  further  used  for  cooling  the  bearings. 
Since  there  is  little  pressure  behind  the  piston,  it  is  quite 
sufficient  to  use  a  soft  cotton  jDacking  for  the  stuffing  box 
and  a  similar  packing  also  on  the  suction  side.  In  order, 
liowever,  that  no  air  shall  pass  through  the  stuffing-boxes, 
they  are  connected  with  a  water  chamber,  the  water  of  which 


WWl 


f~f 


Fig.   3     Maffei-.Schwarzkopff   Mine   Shaft   Pvmp  and   Pressube-Output 
Regulator 

as  a  rule  is  l.irought  in  from  the  first  stage  of  the  pressure 
line. 

In  considering  the  two  tyjies  of  pumps,  it  might  be  sup- 
posed that  in  the  pump  with  undivided  casing,  the  design 
of  the  internal  parts  would  be  made  more  difficult  through 
the  possibility  of  their  being  aft'ected  by  handling  water 
with  the  tendency  to  form  hard  deposits,  but  as  a  matter 
of  fact  no  such  a  thing  occurs.  The  cast  iron  intermediate 
parts  are  covered  on  the  outside  with  bronze  rings,  pro- 
vided with  passages  into  which  kerosene  is  forced  from 
the  outside  by  means  of  a  small  liaud  pump  and  the  casing 
may  have  a  bronze  jacket  to  protect  it  against  electrolytic 
action. 

The  article  describes  and  illustrates  various  types  of 
pumps  driven  electrically  and  by  steam  turbines.  A  special 
type  for  handling  various  delivery  heads  is  shown  in  Fig. 
3A  and  is  used  for  mine  work.  Since  only  a  part  of  the 
cross-section  of  the  mine  shaft  is  available  for  locating  the 
pump,  the  latter,  together  with  its  motor,  are  placed  ver- 
tically in  a  wrought  iron  frame  provided  in  the  upper 
part  with  the  rope  drum  and  a  rope  by  means  of  which 
it  is  gradually  lowered,  as  the  bottom  of  the  shaft  is  sunk 
deeper.      The   general   construction   of   this   pump   does   not 
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materially  dil'fer  from  stationary  horizontal  pumps,  but  in 
order  to  obtain  large  suction  heads  and  a  simple  method  of 
water  delivery,  the  suction  standpipe  is  located  at  the  low- 
est point  near  the  motor  on  the  pressure  side.  The  bear- 
ings are  finished  with  particular  care  and  their  lubricating 
oil  moves  automatically  in  a  closed  circuit.  The  cut-oft"  slide 
valve  is  regulated  either  by  hand  or  by  means  of  a  chain 
and  makes  it  possible  to  set  the  pump  for  a  desired  amoimt 
of  delivery. 

In  order  that  the  pumj)  shall  work  economically,  even  at 
small   depths,   it  is   often    iirovidcd    with   only    part    of   the 
stages    necessary    for    the    greater    depth,    the    intermediate 
spaces  being  tilled  up  with  so-called  "  blind  pieces  "  which, 
as  the  depth  increases,  are  gradually  replaced  by  rotors  and 
distributors.      The   pump   body   is   so   constructed   that   this 
change  may  be  effected  in  a  short  time  in  the  shaft  itself. 
When   high-pressure   centrifugal   pumps   are   used   in   mines 
for  pumping  against  high  heads  it  must  be  borne  in  mind 
that  the  output  varies  materially   from  time  to   time  and 
adjustment  for  this  may  be  very  simply  effected  by  limiting 
the  upward  stroke  of  the  pressure  water  collector,  without 
iiaving  to  change  the  speed  of  rotation.     AVheu  the  volume 
of  discharge   decreases  and  the  pump   is   working  against 
constant   pressure,   the   collector   lifts   until   it   reaches   the 
upper  limit.     Then  the  pressure  in  the  piping  system  rises 
and  thus  produces  a  reduction  in  the  output.     If  the  draw- 
ing-off  of  water  ceases  entirely,  the  pump  works  with  cut- 
off valve  closed,  but  it  is  not  advisable  to  permit  a  pump 
to  run  for  a  long  time  in  dead  water  since  the  heating  of 
the    water    might    easily    injure    the    internal    parts    of    the 
pump  and  it  is  much  better  to  install  a  valve  governed  by 
the  jn-essure  of  the  water  in  the  collector  in  such  a  manner 
that   when    no   water   is   drawn    off,   it   would   automatically 
permit  enough  water  to  ilow  into  the  suction  piping  or  mto 
the  well  as  would   prevent   any  injury  to  the  pump.     Such 
a   device   is   shown   in   Fig.   3L5.     It   consists   of   a   passage 
valve  casing  a  made  of  cast  iron  or  steel  easting,  installed  in 
the  pressure  piping  between  the  pipe  and  the  collector  and 
[irovided  with  an   outlet   opening   (j    for  the   no-load  water. 
The  spindle  d  of  a  double  beat  drop  valve  c,  carries  on  top 
a  piston   e  and  extends  downwards   far  enough  to  be  able 
to  push  off  the  no-load  valve  /.     Two  extensions  to  the  pres- 
sure water  collector  permit  a  small  piston  not  shown  in  the 
drawing  to  move  up  and  down  in  such  a  manner  that  the 
l^ressure  water  may  enter  either  below  or  above  the  piston 
('.      When  the  collector  reaches  its  upper  level,  the  pressure 
water   enters   through    the    pipe    h    from   above    the    piston, 
closes   the   double   beat   drop   valve   and    opens   the   no-load 
valve.     The  Nxater  delivered  by  the  pump  flows  oft'  through 
tiie  throttling  nozzle  b,  and  the  upper  consumption  decreases 
to  about  one  half.     If  pressure  water  is  drawn  oft'  and  the 
level  in  the  pressure  water  collector  sinks,  the  steering  pis- 
ton permits  pressure  water  to  enter   from  below  the  piston 
and   as   a   result   the   double    droji    valve    rises,   the    no-load 
valve,  under  the  action  of  a  spring,  automatically  closes,  and 
the  pump  begins  again   to   deliver   water   into   the   collector 
(working  thus  at   full  output). 

InternaUCombustion  Engines 

]l()i!si;i'owEn  FoRiin.A  roi;  ArTo.Moiiiu-;  Exgixes  {Leis- 
ttmgsformel  ficr  Automohilnwtore}! ,  A.  G.  von  Loewe.  Der 
Mntorimget,,  vol.  17,  no.  l.S,  p.  289,  May  10,  1914.  IVo  pp. 
pm).      The  author  derives  the  horsepower  formula  without 


introducing   the    factor   p,    (average   piston    pressure),    and 
obtains  the  following  expression: 

en 


y  =  a- 


2  X  75  X  60 
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TitFs 


hoi'sepower 


U 


k  —  1       4     r„Cvm(L  +  i) 

and  N  is  the  theoretical  horsepower  of  the  motor;  ;  the  num- 
ber of  cylinders;  a  the  work  of  the  motor  during  its  four 
cycles;  n  the  number  of  revolutions  per  minute;  d,  cylinder 
bore ;  s,  stroke ;  k  =  e,  ratio  of  specific  heats  of  the  mi  ture, 
(■i„  at  constant  pressure,  and  Cv.  at  constant  volume;  e,  com- 
pression ratio  (ratio  of  the  volume  of  gas  at  the  beginning  to 
that  at  the  end  of  the  compression  stroke)  ;  //,  heating  value 
of  the  fuel  (kilogram  of  gasoline)  ;  2'„,  absolute  temperature 
at  the  beginning  of  the  compression  stroke;  C'v„„  average 
specific  heat  of  the  mixture  at  constant  volume;  L,  weight 
of  air  required  for  the  combustion  of  1  kg.  of  gasoline  (all 
the  ciuantities  in  standard  continental  values). 

To  obtain  the  eft'ective  horsepower,  the  value  of  -V  will 
have  to  be  multiplied  by  a  coefficient  of  efficiency  t,,  and, 
since  in  the  derivation  of  his  formula  the  author  started  not 
from  the  mechanical  equivalent  of  heat,  but  from  the  rise 
of  temperature  at  the  instant  of  explosion,  he  uses  the 
theoretical  thermal  eoeflScient  of  efficiency  t),  =  1  —  e'"', 
and  the  efficiency  of  the  engine  is  expressed  as  t,  =  tij  .  7i„,. 
where  T,g  is  the  quality  factor  and  Tj,„  mechanical  efficiency 
of  the  engine. 

This  leads  to  the  final  fornuda  for  the  eft'ective  horse- 
pi  iv.er  : 


'•  =  (^)=? 
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r„Cvn,(i  +  i) 

■  9000  ' 


9000 


T.C\^(L  +  1 


where  B  =  . 

t  — 1 

The  \alues  of  //,  '1\.  (',„„  and  L  are  either  given,  or  can 
l)e  easily  determined  by  actual  measurement;  the  efficiency 
r  may  be  also  assumed  to  be  known;  k  may  be  assumed 
to  be  known,  and  the  author  gives  a  table  for  values  of  B 
corresponding  to  certain  values  of  s,  under  the  assumption 
that  k  =  1.3. 

Assume  a  four-stroke  cycle  engine,  which  has  d  =  10.0 ; 
s  =  0.17;  E  =  4.8;  «  =  1600.    Then 

.Y,.  =  1.250  X  "20.4  X  0.00135  X  1600  =  55.08  h.p. 

Railway  Engines 

Tests  of  a  Wet  Steam  Twin  Express  Locomotive  (]'cr- 
suche  an  eiiier  Xassdampf-Znullings-Schnelhuglokomotire, 
R.  Sanzin,  Zeils.  des  ]'eniiies  deittscher  Ingenieure,  vol. 
58,  no.  22,  p.  858,  May  30,  1914,  6  pp.,  8  figs.  e).  The  in- 
terest of  the  tests  reported  in  the  present  articles  lies  in  the 
fact  that  they  were  first  made  on  the  boiler  without  regard 
to  the  engine,  next  on  the  engine  as  such,  and  finally  on  the 
locomotive  as  a  unit,  comprising  both  boiler  and  engine. 
The  type  of  locomotives  tested  was  introduced  about  the 
year  of  1901  and  the  investigation  covers  numerous  tests 
on  locomotixes  used  for  iiassenger  and  express  traffic  on  the 
Southern  Railway  in  Austria. 
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Table  1  gives  the  data  obtained  from  the  tests  of  locomo- 
tive boilers  and  in  the  original  article  is  supplemented  by 
several  diagrams.  As  a  basis  for  the  investigation  of  the 
processes  uf  combustion  and  evaporation,  there  was  consid- 
ered the  rate  of  combustion  or  the  amount  of  coal  burned  per 
unit  area  of  grate  per  unit  of  time,  which,  in  kg.  per  hour 
per  square  meter  of  grate  area,  corresponds  to  the  amount 

B 

For  the  determination 


and  gases  of  combustion  were  analyzed  which  made  it  pos- 
sible to  establish  a  heat  balance  and  gave  a  clear  insight 
into  the  processes  of  combustion. 

In  the  four  last  columns  of  Table  1  and  in  Fig.  4,  A  is 
given  the  distribution  of  heat  in  tiie  locomotive  boiler  for 
various  amounts  of  coal  consumed  per  unit  of  grate  area, 
the  heat  value  of  the  fuel  burnt  being  used  as  a  basis  of 
calculation.  During  the  tests,  rarefaction  of  the  air  in  the 
smoke  box  was  measured  botli  above  and  below  the  spark 
net  as  well  as  in  the  fire  box  and  ashpan.  The  average  rare- 
faction of  air  in  the  smoke  box  /(   ami  the  fire  box  Ji..  are 
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of  fuel  in  the  table  indicated  bv 

■   ti 

of  the  value  of  —  onlv  the  time  was  considered  during  whicli 
iv 

the  throttle  was  open,  as  it  was  found  that  when  the  throttle 
was  closed  very  small  amounts  of  coal  were  burned,  owing 
to  lack  of  draft.  The  present  investigation  was  carried  on 
with  a  grate  duty  of  200  to  COO  kg;  qm  jjer  hour.  With 
smaller  amounts  of  coal  burned  on  the  grate  the  out  [nit  of 
the  locomotive  was  so  small  that  it  could  scarcely  be  re- 
garded as  continuous  operation,  and  while  on  the  other 
hand  a  somewhat  higher  late  of  combustion,  up  to  ()50 
kg/qm,  could  be  obtained  with  expert  firing,  a  maximum 
grate  duty  of  500  to  550  kg/qm  was  obtained  as  an  aver- 
age. The  coal  was  rich  in  gas,  gi^'ing  a  long  flame.  Its 
comparatively  low  heat  value  (6250  WE)  (11,250  B.t.u.) 
was  compensated  for  by  a   high  rate   of  combustion.      Tlie 

coefficient  of  e\aporation   -—  corresponds   to  a   boiler   pres- 
n 

sure  (gage)  of  12.5  atmos]ilieres  and  temperature  of  feed 
water  of  10  deg.  cent,  or  50  deg.  fahr.  With  an  average 
heating  value  of  coal  of  6250  WE  (11,250  B.t.u.)  and  a 
consumption  of  heat  of  G55  WE  per  kg.  (1179  B.t.u.  per 
lb.)  of  steam,  a  theoretical  coefficient  of  evaporation  of  9.55 
was  obtained,  hut  the  actual  coefficient  of  evaporation  va- 
ried from  8.00  to  5.59  with  tlie  amount  of  coal  burned  per 
1  qm  (from  200  to  600),  and  with  the  increase  of  the  grate 
duty,  decreased  at  first  rapidly  and  then  more  gradually. 
The  variation  of  the  coefficient  of  evaporation  is  of  great 
value  for  the  estimation  of  the  fuel,  but  of  course  is  af- 

W-    Qfn-hr 

fectcil   1)V  the  kind  of  lirinS'.      The   amount   of  steam  r—    gen-        Fig.  4    Heat  Disthibutiox  akd  Blast  Pipe  Operation.  Locomotive  Boiler 

erated  per  1  qm  of  heating  surface  per  hour  increased 
with   tlie   amount   of    coal   liurned    per    hour   but    not    in    a 

straight    line    ratio,    as    —    remains    somewhat    beliim 
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growth   of   -—  owing   to   the   decrease   in   the   coeflicient   of 

evajjoration,  so  that,  while  the  amount  of  coal  burned  per 
1  qm  of  grate  area  rose  from  200  to  600  kg  or  increased 
three-fold,  the  evaiioration  per  1  qm  of  the  heating  surface 
increased  only  from  31.3  to  65.5  kg  or  2.(19   times.     It   is. 

D 
therefore,  of  advantage  to  use  instead  ot     - ,  the  value  of 


given  in  Table  1.     It  apjiears  that  U  stands  in  a  very  sim- 

li 

pie  tunctional  relation  to  -r-  since  the  values  of  /(  obtained 

in    the   present   test   correspond   with   fair   precision   to    the 
equation 


h 


0.000,55  (Ij 


steam  generated   per  1   qm  of  grate  area  per   In 


B 

''  B' 

since  it  is  not  so  subject  to  variations  and  therefore  better 
permits  of  comparing  various  kinds  of  locomotives. 

As  regards  coal  test  runs,  the  author,  in  addition  to  the 
usual  measurements  of  the  coal  consumed  and  water  evapo- 
rated, also  measured  the  rarefaction  of  air  in  the  smoke 
box,  fire  box  and  ashpan  and  the  temperature  of  the  smoke 
box  gases.  The  ad\antages  which  these  simple  measure- 
ments afforded  for  the  investigation  of  the  process  of  com- 
bustion, proved  to  be  so  great  that  further  steps -were  taken 


The  following  notation  is  used :  for  boiler  pressure  p, 
for  average  pressure  in  the  slide-valve  chest  p,,  pressure  al 
the  beginning  of  admission  p„  at  the  beginning  of  expan- 
sion p.,.  at  the  beginning  of  exhaust  lead  pe,  at  the  end  of 
tlie  piston  stroke  p.,,  lowest  pressure  during  exhaust  pt, 
l^ressiire  at  the  beginning  of  compression  p„,  and  average 
cft'eetive  pressure  in  the  steam  cylinder  p,.  All  the  indi- 
cator diagrams  used  in  this  investigation  have  been  taken 
with  the  throttle  opened  0.8  of  its  maximum  area,  that  is 
0.8  X  60  =  48  qem.  (7.4  sq.  in.),  as  it  has  been  found  pre- 
\ionsly  that  this  opening  of  the  throttle  gives  the  most  fa- 
vorable results  and  further  that  no  water  is  carried  over 
uito  the  steam  cylinder,  while  on  the  other  hand  the  fall  of 
pressure  produced  thereby  between  the  boiler  and  the  slide- 
valve  chest  had  no  undesirable  consequences.  The  boiler 
in'cssure    was    approximately    12.5    atmospheres,    while    the 
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blast  pipe  was  set  at  its  maximum  cross  section.  Since  the 
average  useliil  steam  pressure  is  materially  dependent  on  the 
boiler  pressure,  it  is  worth  wliile  to  use  lor  its  estimation, 

the  ratio '^' ,  as  tliis  magnitude  scarcelj'  undergoes  anv  va- 

V 
liation  as  long  as  the  Ijoilci-  ])ressui'e  varies  within  moder- 
ate limits. 

The  pressure  in  the  steam  cylinder  during  the  admission 
falls  oil  at  first  slowly  and  tlien  rapidly.  With  small  ad- 
missions the  pressure  lines  during  the  inflow  of  steam  can 
be  represented  with  Jair  ai>])ro.\imation  by  a  straight  line 
connecting  the  pressure  p,  witli  p^.  In  this  case  the  initial  pres- 
sure during  admission  is  p.,  and  is  equal  to  the  average  pres- 
sure in  the  slide  valve  chest  /)i.     It  is  especially   important 

to  know  the  value  of  — ^^ ^    for  the  design  of  steam  pres- 

Po 

sure  diagrams  since  it  permits  not  only  to  establish  the  ex- 
act beginning  of  the  expansion  line  but  also  enables  to  de- 
termine the  amoimt  of  steam  actually  required  during  the 
admission  to  the  steam  cylinder. 

The  influence  of  the  variaticm  of  the  cross-section  of  the 
lilast  pijie  on  the  back  pressure  was  also  Lnvestigated  in 
the  locomoti\'es  under  test.  The  back  pressure  pt  when  the 
maximum  cross-section  of  the  blast  pipe  of  160  qcm  and 
thirty  per  cent  admission  was  used  amounted,  even  at  five 
revolutions  of  the  driving  axle,  to  only  O.GO  atmospheres, 
while  with  a  cross-section  of  the  blast  pipe  of  75  qcm  it 
rose  to  1.50  atmospheres  with  a  corresponding  material  in- 
crease in  loss  of  power.  During  the  present  test  it  proved 
possible  on  certain  runs  to  test  the  locomotive  with  a  cer- 
tain constant  cut-off  and  a  speed  of  run  as  far  as  possible 
unvariable,  so  tliat  the  values  for  the  water  consumption 
after  deduction  of  all  losses  could  be  used  for  the  deter- 
mination of  the  total  steam  consumption  per  indicated  horse- 
power hour  (these  tests  are  to  be  taken  with  regard  to  the 
most  usual  average  cut-off  and  average  speed  of  rotation). 
The  results  of  these  tests  are  shown  in  Fig.  4B.  Further  the 
useful  steam  consumption  was  determined  also  from  the  in- 
dicator diagrams,  and  the  difference  between  these  two  values 
for  steam  consumption  shows  the  steam  losses  through  con- 
densatifjn  during  admission  and  through  leaks.  The  curves 
in  Fig.  4C  show  the  steam  consumption  for  various  degrees 
of  admission  and  speed  of  rotation.  If  on  the  same  dia- 
gram were  plotted  the  curves  showing  the  generation  of 
steam  in  the  boiler,  it  would  give  a  complete  picture  of  the 
way  the  boiler  and  engine  work  together. 

Finally  the  total  performance  of  the  locomotives  was 
tested,  mainly  in  order  to  determine  its  maximum,  this  being 
the  fact  of  greatest  interest  for  practical  operation.  To 
do  this  the  boiler  has  to  generate  the  maximum  amount  of 
steam  that  it;  can  do  in  a  continuous  run  and  this  steam 
must  be  taken  care  of  in  the  most  favorable  way  by  the  en- 
gine so  as  to  obtain  the  largest  possible  amount  of  indicated 
power.  It  has  l)een  already  explained  that  the  ability  to 
generate  steam  on  the  part  of  the  locomotive  boiler  when 
a  given  kind  of  coal  is  used  depends,  practically  exclusively, 
on  the  draft  available.  During  the  run  on  a  given  section  of 
the  road  and  for  a  given  amount  of  steam  flowing  through 
a  given  cross-section  of  the  blast  pipe  per  unit  of  time, 
the  draft  produced  dejjends  directly  on  the  number  of  revo- 
lutions of  the  driving  axle;  the  increase  in  suction  with  the 
increase  of  speed  of  rotation  of  the  driving  axle  is  at  first 


rajjid,  then  slower  and  apparently  approaches  a  certain 
maximum  value,  the  draft  being  also  for  the  same  amount 
of  steam  flowing  dependent  on  the  operation  of  the  steering 
gear,  that  is  beginning  of  the  exhaust  lead,  shape  and  diam- 
eter of  the  outflow  pipes,  etc.  The  draft  under  certain  con- 
ditions produces  a  certain  amount  of  steam,  but  may  not 
be  able  to  do  it  under  different  conditions.  This  fact  can 
be  well  seen  when  the  draft  is  observed  with  the  same  cut- 
off but  variable  speed  of  run.  In  Fig.  D  the  rarefaction 
of  the  air  in  the  smoke  box  for  the  same  admission  but  dif- 
ferent speeds  of  rotation  is  represented  by  the  line  OA. 
In  order  to  maintain  this  admission,  amounts  of  steam  in- 
creasing together  with  the  speed  of  rotation  are  necessary, 
and  to  generate  such  amounts  of  steam  certain  minimum 
rarefactions  of  air  in  the  smoke  box  are  necessary  and  are 
represented  in  Fig.  4D  by  the  line  OB.  The  lines  OA  and 
OB  intersect  in  point  E,  which  shows  that  at  this  speed  of 
rotation  the  draft  required  corresponds  to  the  one  actually 
available.  For  lower  speeds  of  rotation  the  rarefaction  in 
the  smoke  bo.x  is  laiger  than  necessary,  while  for  high  speeds 
it  is  evidently  below  that  required.  These  conditions  hold 
for  all  admissions  and  there  is  a  certain  geometric  locus  of 
points  of  intersection  of  all  required  and  all  actually  avail- 
able rarefactions  of  air  CD,  corresponding  to  the  maximum 
output  of  the  locomotive  while  in  state  of  continuous  opera- 
tion. From  these  data  on  the  rarefaction  of  air  in  the 
smoke  box  and  the  data  contained  in  Table  1  can  be  deter- 
mined the  corresponding  amounts  of  coal  burned  per  hour 
per  unit  grate  area  together  with  the  amounts  of  steam  gen- 
crated  in  the  boiler  per  hour,  and  in  Fig.  4C  the  line  D  shows 
the  total  steam  generated  per  hour.  This  permits  to  gain 
a  clear  insight  into  the  working  together  of  the  boiler  and 
steam  engine.  It  shows  that  with  an  increase  of  the  speed 
of  rotation  the  cut-offs  one  after  another  intersect  the  line 
of  steam  generation,  and  this  in  its  turn  shows  that  when 
such  cut-offs  are  used,  the  amoimt  of  steam  generated  by  the 
boiler  is  at  first  not  fully  taken  care  of,  then  at  a  certain 
speed  of  rotation,  the  total  steam  delivered  by  the  boiler  is 
used,  and  finally  at  a  still  greater  speed,  the  boiler  is  pumped 
dry.  The  maximum  admissions  which  are  required  for  the 
highest  outputs  are  indicated  by  the  points  of  intei-seetion  of 
the  steam  consumption  and  steam  generation  curves.  From 
these  data  in  Fig.  4C  the  admissions  necessary  for  obtaining 
the  highest  output  of  the  plant  can  be  derived,  and  it  ap- 
pears tliat  at  low  speeds  of  rotation  the  cut-offs  have  to  be 
varied  rapidly  and  strongly  while  at  higher  speeds  only 
little  alteration  is  required. 

Tests  (1912-1913)  on  the  Resistance  of  Passenger 
Locomotives  and  Cars  on  the  Russian  Railway  System 
[Opi/tij  1912-1913  g.  g.  nad  saprativleniem  passajirskikh 
paravozoff  i  vagonoff  russkoy  seti,  G.  V.  Lebedeff.  Btdletin 
cif  the  Permanent  Committee  of  the  Conferences  of  Agents 
of  Various  Branches  of  Service  on  the  Russian  Railroads 
(in  Russian),  no.  3,  March  1914,  p.  192.  22  pp.,  9  figs. 
(A).  In  tests  on  the  resistance  of  locomotives  and  cars 
which  are  now  being  made  on  the  Russian  railroads,  the 
main  basis  for  determining  the  power  of  a  locomotive  is 
the  traction  on  the  rim  of  the  driving  wheel.  Actually,  how- 
ever, during  test  runs  it  is  impossible  to  measure  directly 
the  traction  on  the  rim  of  the  wheel  and  it  must  be  obtained 
either  by  calculation  or  from  the  formula: 
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Actual 

generated 
per  unit 
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generated 

burned 
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coefficient 

area  of 
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of  grate 
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of  evap- 

heating 
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per  hour 

per  hour 
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surface 
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B 
hour- 
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Kg./hr. 

D 

Kg./hr. 

D 
B 

per  hour 

D 

hour  - 
R 

Kg.,  qm.hr. 

H 

Kg.,, 'qm.hr. 

Kg./qm.hr. 

200 

466 

3728 

8.00 

31,3 

1600 

250 

583 

4425 

7.59 

37.1 

1898 

300 

699 

5047 

7.22 

42.3 

2166 

350 

816 

5614 

6.88 

47.1 

2409 

400 

932 

6086 

6.53 

51  0 

2612 

450 

1049 

6567 

6  26 

55  1 

2S18 

500 

1165 

6978 

5.99 

58.5 

2995 

550 

1382 

7397 

5.77 

62.9 

3175 

600 

1398 

7813 

5.59 

65.5 

3354 

Draft 


Sn^oke  box 

above 

spark  net 

h 


Fir 


;-box 

*2 


mm.  of  water 


22 
34 
50 
67 
90 
111 
138 
166 
198 


U 
16 
22 
29 
38 
48 
00 
75 


Average 
tempera- 
ture of 
flue  gases 

T-t 
deg.  cent. 


190 
250 
300 
350 
390 
415 
440 
453 
460 


Heat  distribution,  in  per  cent 


Losses 
through 
flue  gases 


11.5 
13  3 
18.7 
21.8 
24.6 
26.8 
28.4 
29.4 
30.0 


Losses 

Heat 

Losses 

through 

utilized 

through 

radiation, 

for  steam 

residues 

conduction 

generation 

W-. 

and  soot 

W 

0,7 

4.0 

83.8 

11 

4,0 

79.5 

1,7 

4,0 

75.6 

2.1 

4,0 

72.0 

3.0 

4.0 

68.4 

3,8 

4.0 

65.5 

4,9 

4.0 

62.7 

6.1 

4,0 

60,4 

7.  5 

4,0 

58  5 

Fw  =  F,. 


II'v 


"where  It'.u  is  the  resistance  of  the  loeoiuotive  as  an  engine; 
or  else  from  the  formula 

wliere  11%  is  the  resistance  of  the  locomotive  as  a  carriage, 
P  the  weight  of  the  locomotive  with  its  tender,  y  correction 
member  for  the  rotating  mass,  T'  speed  and  t  time.  Since, 
liowever,  TT'm  cannot  be  measured  directly,  only  the  second 
formula  can  be  used  for  the  determination  of  Ft,  but  to  use 


it   it  is   necessary  to   know    TT'. 


and  — -  , 
df 


There  is  no  con- 


venient apparatus  for  the  determination  of  the  acceleration 
of  a  train,  the  apparatus  of  Desdouits  being  too  rough. 
Professor  Lomonossoff,  who  is  in  charge  of  these  tests,  has 
therefore  proposed  to  eliminate  from  this  equation  the  mul- 
tiplier of  P  in  the  last  member,  by  means  of  the  equation 
of  the  motion  of  cars : 

<J       At 

where  Q  is  the  weight  of  the  cars  and  IT',,  their  resistance. 
This  bring-s  us  to  the  formula  of  the  traction  on  the  rim  as 

P  +  Q 


Q 


Ft 


F„  -f  P   (  «-v  —  «■„ ) 


TT 


where  u;  =—  '^   is  the  specific  resistance  of  the  locomotive 
P 

W„ 
as  a  carriage,  and  »■„  =  -       is  the  specific  resistance  of  the 

y 

cars.  F„  is  determined  by  means  of  a  dynamometer,  while 
ic,  and  ii\,  have  to  be  determined  bv  separate  tests. 

The  resistance  of  Wr  of  the  locomotive  as  a  carriage  can 
be  separated  into  two  parts:  The  resistance  of  the  locomo- 
tive ean-iage  proper  W',  and  the  frontal  resistance  TV"  of 
the  air  medium  through  which  the  locomotive  lias  to  make 
a  passage  for  itself.  As  to  the  latter  it  is  known  that 
Tr"  =  a  Q  T"  where  Q  is  the  frontal  surface  of  the  loco- 
motive and  Dt  is  a  coefficient  determined  experimentally  and 
equal,  according  to  the  tests  of  Frank  and  Eiffel,  to  0.006. 

The  determination  of  the  resistance  of  a  locomotive  as 
a  carriage  was  cff^ected  in  two  ways.  The  first  and  simplest 
was  as  follows:  The  train  of  several  locomotives  of  a  given 
type  with  the  connecting  rods  taken  off,  was  made  up  with 
a   d^Tlamometer   car  in   front   of   the   locomotives   and   con- 


nected with  them  by  the  dynamometer  hook.  Several  test 
rims  were  made.  T!ie  values  of  F„  read  oft'  on  the  dyna- 
mometer represent  the  sum  of  all  W,  for  all  the  locomotives 
after  the  speed  has  become  normal.  Hy  dividing  these  read- 
ings by  the  number  of  locomotives  or  their  total  weight, 
we  obtain  the  total  or  specific  resistance  of  a  single  locomo- 
tive at  various  velocities,  the  frontal  resistance  of  the  air 
being  evaluated  in  accordance  with  the  formula  given  above. 
This  method  is  very  simple  and  convenient  when  conditions 
favor  its  application,  but,  in  order  that  it  should  give  re- 
liable results,  at  least  two  or  three  locomotives  of  the  given 
type  have  to  be  available,  since  the  dynamometer  readings 
are  not  reliable  for  small  values  of  F„.  When  only  one 
locomotive  of  the  given  type  is  available,  the  other  method, 
suggested  first  by  Desdouits,  had  to  be  resorted  to,  namely, 
letting  the  locomotive  run  down  an  incline. 

The  theoretical  basis  of  this  method  is  as  follows:  The 
equation  of  the  motion  of  a  locomotive  with  the  connecting 
rods  taken  off  and  moving  down  an  incline  is 


^-(1  +  T)^'^' 


=  P/ 


TFv 


U  fit 

where   (  is  the  incline  in   mils.     This  formula  may  be  con- 
verted uito 

dV 
dt 
where  m',.  is  the  total  specific  resistance  of  a  locomotive  as  a 


^(i-«-v) 


carriage  and  I  = 


1000(1- 
the  expression  for   u\.  is  / 


r) 


s  120,  from  which  formula 


1  dV 
l    dt 


which  permits  the  de- 


termination of  u'v  if  the  incline  and  acceleration  of  the  mo- 
tion of  the  locomotive  are  known.  Now  assume  that  we 
have  a  section  of  the  track  of  a  known  profile  and  that  the 
locomotive  travels  by  inertia,  having  previously  received 
a  certain  initial  velocity.  At  predetermined  points  of  this 
section,  at  equal  distances  from  one  another,  the  time  and 
velocity  are  recorded.  If  we  assume  further  that  between 
two  points,  sufficiently  close  to  one  another,  the  acceleration 
remains  constant,  it  will  be  equal  to 
dV  _  .        T',— T- 

~dt  ~  t,  —  t,  ^ 

if  time  is  expressed  in  seconds  and  velocity  and  acceleration 
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in  kilometers  ami  lioiire.  Substituting  this  value  of  the  ac- 
celeration into  the  previous  equation  and  assuming  a  co- 
efficient I  =  120  (this  coefficient  varies  very  little  for  dif- 
ferent locomotives),  we  obtain 

..—  V, 


TABLE : 


ULTPUTS  OF  THE  COMPKESSOK  WHEN  TAKING  AlK  AT 
VARIOUS  INITIAL  PRESSURES 


TTv    =    i 


30 


which  gives  the  specific  resistance  at  any  desired  i)oint  of 
the  road.  Having  performed  several  tests  of  rimning  down 
an  incline  and  refei-ring  each  time  iv..  to  the  average  velocity 
on  the  given  section,  we  shall  obtain  a  sufficient  number  of 
jjoints  to  draw  a  smooth  curve.  The  exactness  of  the  results 
will  depend,  of  course,  on  the  precision  of  tiie  measurement 
of  time  and  sjseed.  Initially  the  tests  were  performed  in  the 
following  maimer:  A  section  abo\it  a  mile  and  a  ([uarter 
long  of  uniform,  carefully  leveled  profile  {i  =  — 6)  was  se- 
lected and  along  it  were  placed  posts  700  ft.  from  one  an- 
other. The  test  locomotive  with  tlie  connecting  rods  taken 
off  was  hooked  to  a  dynamometer  car.  the  resistance  of  whicli 
w'as  previously  determined.  The  car  was  used  because  it 
had  an  electric  speed  indicator  giving  instantaneous  veloci- 
ties. Behind  the  car  was  a  second  locomotive,  not  hooked 
ui)  to  the  system,  was  used  to  drive  the  test  train  up  to  the 
first  signal  post  where  it  was  taken  off.  At  the  passage  in 
fi'oiit  of  eacli  signal  post,  at  tlie  sound  of  a  l)ell  on  the  loco- 
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motive,  tlie  velocity  was  read  in  the  dynamometer  car  from 
the  electric  indicator  and  the  time  from  a  stop-watch.  It 
lias  been,  liowever,  found  that  this  method  is  not  suitable 
because  the  velocity  was  not  measured  with  sufficient  pre- 
cision, wliile  the  time  could  lie  measui'cd  with  an  exactnes- 
up  to  a  tenth  part  of  a  second.  The  method  was  therefore 
arranged  as  follows:  each  section  of  700  ft.  was  divided  into 
two  and  the  time  was  read  on  the  passage  of  the  interme- 
diary posts.  8ince  at  ureal  S]iee(ls  it  was  very  difficult  to 
notice  the  passage  of  eiicli  iiost,  liSO  ft.  distant  from  its 
neiglibor,  only  the  time  of  the  odd  numliered  posts  were 
read,  the  lime  curves  were  plotted  on  a  large  scale  as  func- 
tions of  the  distance  and  the  time  of  the  passage  of  the  even 
numbered  posts  was  determined  from  these  curves,  which 
further  permitted  the  rejection  of  erroneous  observations. 
The  velocity  at  each  ii-tli  post  was  determined  from  tlie 
formula 

)•„    =;   

In  this  case  (he  dynamometer  car  is  not  necessary  and  the 
determinalion  of  tlie  time  can  be  made  with  greater  pre- 
cision  because   the   oliserver   does   not   read   llie   time   bv   the 


u 

Equal  to 

m/kg  per  sec. 

Per  Cent 

I 

0  246    x258x427x    1 

27000 

100 

II 

0  2435  X  170  X  427  X    2 

33500 

131 

III 

0  242    xl25x447x    3 

3SS00 

144 

IV 

0  2385  X    93x427x    4 

38000 

140 

\' 

0  2385  X    71x427x    5 

36200 

135 

VI 

0  2385X    54x427x    0 

33000 

122 

VI] 

0.2385X    40x427x    7 

28700 

106 

Mil 

0.2385X    27x427x    8 

22000 

81 

IX 

0.23S3X    17x427x    9 

15600 

58 

X 

0.2385  X      8x427x10 

8150 
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bell,  but  himself  sees  the  signal  post  and  presses  the  button 
of  the  sto|)-watch  on  tlie  passage  of  each,  while  another  man 
takes  down  the  readings.  The  great  convenience  of  this 
method  of  determining  velocities  lies  in  the  fact  that  only 
one  variable,  time,  lias  to  be  observed,  which  makes  the  ob- 
servation easier  and  naturally  raises  the  reliability  of  the 
results.  However  exact  and  sensitive  a  speed  indicator  may 
be,  when  it  is  used,  it  is  extremely  imiiortant  to  have  its 
readings  and  those  of  the  stois-wateh  taken  simultaneously 
with  the  passage  of  the  signal  post,  and  in  practice  it  is 
very  difficult  to  olitain  a  perfect  synchronization  of  these 
three  moments.  To  determine  acceleration  at  velocities  above 
50  km.  per  hour,  sections  of  700  ft.  each  prove  to  be  too 
small.  The  calculations  were  therefore  made  by  determin- 
ing the  velocity  at  the  first  and  last  sections  and  by  assum- 
ina'  the  aeceleratiori  on  the  entire  run  to  be  constant. 

This  assumjition  appears  to  be  fully  legitimate  since  the 
points  along  the  curve  lay  even  better  than  when  the  ac- 
celeration was  determined  for  every  700  ft.  Desdouits  also 
made  such  an  assumjition. 

For  every  locomotive  about  fifteen  runs  down  an  incline 
were  made. in  absolutely  calm  weather  and  with  initial  ve- 
locities from  5  to  100  kg.  per  hour.  Curve  Fig.  5  gives  the 
s])ecifie  resistance  of  the  locomotives  tested.  It  shows  that 
the  character  of  the  curves  obtained  by  dynamometric  meas- 
urement differs  ipiite  materially  from  those  obtained  by 
letting  a  car  down  an  incline.  Since  the  greatest  difference 
is  observed  at  high  velocities  it  may  be  assumed  that  it  is 
mainly  due  to  frontal  resistance  which  in  the  first  case  was 
determined  from  the  formula  "  ^  V^.  It  was  assumed  that 
the  resistance  W„  is  the  resistance  of  the  locomotive  less  its 
I'rontal  resistance,  actually,  however,  since  the  locomotive  is 
not  fully  covered  by  the  car  in  front  of  it,  it  exi)erienced  in 
motion  a  certain  pressure  of  air  on  a  certain  part  of  its 
frontal  surface.  Therefore,  in  order  to  obtain  the  total  re- 
sistance, it  is  necessary  to  have  added  to  the  resistance  W, 
a  certain  magnitude  «  (  9.-U  ')  "V^,  but  if  we  add  "  V.  \'^, 
the  error  is  made  in  exaggerating  the  resistance.  If  the 
locomotive  is  comjjaratively  low,  the  error  would  then  be 
less  in  the  case  of  a  high  locomotive.  From  his  investiga- 
tion, the  author  comes  to  tlie  conclusion  that  for  locomo- 
tives with  a  leading  four  wheel  bogie,  the  e(|uation  of  specific 
resistance  as  a  carriage  may  be  taken  as 

\\\  =  1.4  -f  0.02V  +  0.005\^ 
and  for  a  locomotive  with  a  single  leading  axle 

Yv  =  1.3  +  O.OIV  -\-  O.OOOoV' 
It  must  be  remembered,  of  course,  that  this  formula  gives 
onlv  the  resistance  of  a  locomotive  as  a  carriage.   The  author 
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passes  then  to  the  consideration  of  the  resistance  of  a  loco- 
motive in  motion  without  steam. 

From  the  equation  connecting-  the  tangent  and  indicated 
traction  forces 

r»  =  F,  —  W„, 

it  ajipears  that  when  the  throttle  is  closed,  that  is  when  the 
indicated  force  of  traction  becomes  equal  to  zero,  the  tangent 
assumes  a  certain  negative  \'alue.  This  is  the  resistance  of 
the  locomotive  as  an  engine  with  the  tlu'ottle  closed. 

Let  us  call  it  11",,,.  The  total  resistance  of  a  locomotive  is 
then  the  sum  of  its  resistance  as  a  carriage  and  its  resist- 
ance as  an  engine  witii  the  throttle  closed.  Let  us  call  it 
IFp.j.     Hence 

W,.,  =   Tl"',„  -f  W, 
This    resistance    was    also    determined     by    the    "  incline " 
method,    and   the   curves   obtained    were    then    submitted    in 
several  cases  to  a  special  method   of  double   graphical   dif- 
ferentiation which  the  author  explains  in  full. 

This  metliod  is  very  convenient  for  freight  locomotives 
where  the  resistance  at  high  spee<ls  is  not  required,  and  for 
speeds  up  to  26  miles  per  hour  it  gives  good  results,  but 
for  passenger  locomotives,  \\  liere  the  resistance  at  high 
speeds  is  of  principal  interest,  it  is  not  applicable.  The 
author  has  determined  the  resistance  of  two  passenger  lo- 
comotives with  the  throttle  closed  and  obtained  formulse  of 
tlie  following  kind ; 

II  ,,.3  =  -  +  O.Otir  -4-  0.00041'  -f  0.000013F'. 
The  cube  member  is  not  novel,  since  Rokl  and  Desdouits 
have  obtained  formuhe  of  resistance  with  the  throttle  closed 
containing  such  a  member  and  believed  that  tliis  member 
characterizes  the  resistance  determined  by  tlie  mechanism 
itself.  The  author  passes  then  to  the  resistance  of  eight 
wheel  passenger  ears.  A  number  of  dynamometric  tests 
were  made  in  WVl  and  1913  by  two  students  of  the  St.  Pe- 
tersburg Polytechnical  Institute  who  obtained  for  the  sum- 
mer time,  the  following  formula  of  i-esistance : 

«'„  =  1.2+0.01  F+0.0003r= 
This  formula  has  been,  however,  obtained  under  exceptional 
conditions  with  special  care  for  tlie  rolling  stock,  and  it  is 
reasonable  to  assmne-that  the  magnitude  of  resistance  as 
expressed  by  this  formula  is  really  somewhat  below  the  nor- 
mal. Professor  Lomonossff  jiroposed  therefore  to  use  for 
the  average  conditions  of  summer  trattic  a  formula: 

V  + 100 


"'n 


1..5  +  0.21' 


1000 

The  author  has  derived  for  tlie  conditions  of  winter  trathc, 
the  following  formula,  based  partly  on  graphical  differen- 
tiation and  partly  on  the  observation  of  actual  velocities  on 
sections  of  known  profile: 

,.  V  +  II) 


1.5  -|-  0.51 


1000 


These  runs  were  made  in  November  1913  at  temperatures 
which  varied  between  —  5  and  —  15  deg.  R.  (20.75  and 
2.75  deg.  fahr.),  often  in  snow  and  blizzard,  and  gives  the 
resistance  at  average  conditions.  It  is,  however,  only  the 
normal  resistance  of  the  cars,  that  is,  not  the  initial  resist- 
ance, but  a  resistance  which '  becomes  established  after  the 
train  has  been  in  motion  for  a  certain  time.  In  winter  the 
resistance  at  the  starting  of  a  train  is  considerably  higher 
than  after  the  state  of  operation  becomes  normal.  This 
is  due  mainly  to  the  variation  m  the  temperature  of  the 
lubricant,  and,  naturally,  when  the  locomotive  takes  from 
the  station  a  train  with  the  lubricant  in  the  journals  frozen. 


the  resistance  is  comparati\ely  very  high.  The  author  pro- 
ceeds to  show  how  these  data  on  locomotive  and  car  resist- 
ance may  be  used  for  making  u]i  sclinlule  of  train  runs. 

Steam  Engineering 

A     COJIPAKISON     OP     THE     DeSUINS     OF     TwO     CoilBIXED 

Cornwall  Tubular  Boilers,  with  Respect  to  Safety  of 
Operation  (Ein  Verijleich  der  KuiislruktioneH  ziceier  com- 
binierter  CornwullSohrenkessel  auf  Hire  Betricbssicherkeit, 
P.  Koch.  Zeits.  fiir  Dampfkeasel  mid  Maschiiienbetrieb,  vol. 
37,  no.  21,  p.  255,  May  22,  1914,  2  pp.,  9  figs.  dc).  The 
author  comjiares  two  constructions  of  combined  Cornwall 
Tubular  Boilers.  In  the  original  construction,  the  upper 
and  lower  drums  were  arranged  in  such  a  manner  as  to  have 
a  water  level  in  conformance  with  the  German  Government 
regulations,  both  drums  being  provided  witli  feed  water 
\alves  and  blow-off  cocks.  The  feeding  is  usually  done  into 
tlie  upper  drum  where  from  the  water  passes  to  the  lower 
drum  thi'ougli  an  over-flow  pipe  a  (Fig.  6A),  while  the  steam 
spaces  in  the  two  drums  are  interconnected  by  means  of  the 
pipe  b.  This  arrangement  is  in  accordance  with  Gei'man 
Government  regulations  but  does  not  guarantee  perfect  safety 
of  operation  and  requires  absolutely  reliable  attendance. 
The  fireman,  in  order  to  prevent  all  danger  of  trouble,  has 
constantly  to  observe  the  water  level  of  the  lower  drum  and 
at  the  same  time  attend  to  the  feedwater  valve  on  the  ujiper 
drum.  If  then  strong  drawing-off  of  steam  occurs,  it  may 
hapjieii  that  through  the  over-flow  pipe  a,  not  so  much  water 
readies  the  lower  drum  as  the  latter  requires  to  compensate 
for  the  amount  of  steam  drawn-off,  as  a  result  of  which  some 
of  the  fire  tubes  become  uncovered  and,  by  the  action  of  the 
heat,  annealed  and  deformed.  This  may  result  not  only  from 
a  sudden  drawing-oft'  of  steam  but  may  be  due  also  to  a 
mistake  of  tlie  fireman  in  observing  tlie  water  level  gages 
on  tlie  upper  and  lower  drums.  Further  the  feeding  into 
the  upper  drum  may  also  endanger  regulation  of  operation. 
If  for  example  the  water  level  in  the  upper  drum  has  gone 
pretty  far  down,  then  until  a  flow  of  feedwater  through  the 
over-flow  iiijic  a  into  the  lower  drum  occurs,  a  large  amount 
of  water  lias  to  be  delivered  into  the  boiler  by  means  of  the 
feeding  apparatus  and  in  the  meanwhile  the  fire-tubes  in 
the  upper  part  remain  uncovered  and  become  deformed, 
which  may  lead  to  all  sorts  of  trouble.  On  account  of  all 
this  and  several  other  considerations,  it  was  decided  to  re- 
construct the  boiler  into  the  type  shown  in  Fig.  6B,  which 
is  really  an  improved  Piedboeuf  double  boiler  with  one 
water  s])ace  and  two  steam  spaces.  It  has  in  all  one  water 
level  in  the  ui)per  boiler  and  one  feed  to  take  care  of. 

Explosion  of  a  Rotor  of  a  L.wal  Turbine  (Die  Explo- 
sion des  Lcmfrades  einer  Laimlturbiiie,  F.  v.  Plato.  Ze.Hs. 
des  Vereines  deutsrlier  liujenienri',  vol.  58,  no.  21,  p.  817, 
May  23,  1914.  5  pp.,  13  figs.  dpe).  On  August  6,  1912.  in 
the  electrical  power  house  of  the  Libau  (Russia)  Steel  "Works 
Company,  there  occurred  an  explosion  of  the  rotor  of  a  500 
h.p.  De  Laval  steam  turbine  which  was  so  unusual  that  the 
following  account  is  of  interest.  A  thorough  investigation  fol- 
lowed the  accident,  the  results  of  which  emphasize  the  neces- 
sity for  preliminary  over-speed  tests  of  all  similar  parts  of 
high-speed  machinery.  This  turbine  was  coupled  by  means 
of  transmission  gears  to  two  direct-current  generators  of 
2  X  110  volts  each.     At  no-load  on  the  generator  it  had  a 
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speed  of  10,820  r.p.iii.,  equivalent  to  a  periplieral  speed  of 
445  m.  (1400  ft.)  per  seeond,  the  ratio  of  the  transmission 
l)eing  416:30.  The  turbine  which  was  in  operation  on  the 
morning  of  the  explosion  w'as  provided  later  in  the  daj'  with 
a  new  rotor  shortly  before  received  from  Sweden,  because 
the  blades  of  the  old  rotor  had  become  considerably  worn 
from  the  water  present  in  the  steam  (saturated  steam  at  8 
atmospheres  was  used).  Seven  turbines  of  this  construc- 
tion are  used  in  tlie  plant  and  as  the  rotors  have  to  be  ex- 
changed about  once  a  year,  the  engineers  had  had  ample 
experience  in  this  kind  of  work.  After  testiiiiz:  by  hand  to 
determine  the  free  run  of  the  rotor,  the  engine  as  usual  was 
warmed  up  and  in  the  afternoon  slowly  started  in  the  pres- 
ence of  the  superintendent  of  tiie  plant  who  was  standing 
at  the  side  of  the  casing.  One  of  the  engineers  stood  near 
the  switch-board  and  the  other  was  slowly  opening  the  main 
steam  valve  and  at  the  same  time  observing  the  manometer 


have  occurred,  but  never  produce  as  great  damage  as  in  this 
case.  A  further  supposition  is  that  the  accident  may  have 
been  due  to  a  foreign  body  getting  into  the  casing,  wliich, 
however,  does  not  appear  probable  since  in  the  first  instance 
it  would  cause  a  considerable  amount  of  noise  and  would, 
therefore,  show  its  presence  and  second  by  the  centrifugal 
action  of  the  rotor  it  would  have  been  thrown  out  onto  the 
rim  and  cause  its  fracture  in  a  different  manner  from  what 
actually  took  place.  All  these  and  other  considerations 
ten  lied  to  show  that  the  accident  was  due  not  to  external 
causes  but  to  weakness  in  the  material  of  the  rotor.  The 
turbine  parts  were,  therefore,  carefully  investigated  at  the 
jreehanical  Laboratories  at  the  St.  Petersburg  Polytechnic 
Institute,  where  it  was  found  that  the  chemical  constitution 
of  the  metal  did  not  show  any  undesirable  irregularities, 
while  tests  of  tensile  strength,  as  shown  by  curves  of  radial 
and  tangential  stresses,   also   failed  to  indicate   anv  serious 


Fig.  6     Two  Types  of  Cornwall  Tubvlar  Boilkr 


located  behind  the  regulating  valve  and  later  on  stated  that 
the  steam  pressure  rose  gradually  to  3  or  3V'2  atmospheres 
and  remained  stationary  at  that  point ;  he  then  fully  opened 
the  throttle  and  approached  the  turbine  in  order  to  open 
the  necessary  number  of  nozzles  as  soon  as  the  load  was 
thrown  on  the  turbine.  The  other  engineers  were  cutting  in 
the  excitation  current  and  raising  the  voltage;  when  the 
latter  reached  about  twenty  volts  the  explosion  occurred, 
killing  the  superintendent  and  another  man  present  and  seri- 
ously injuring  both  engineers. 

The  article  describes  in  detail  the  various  injuries  done 
to  the  turbine  installation  and  other  machinery  and  passes 
to  the  consideration  of  the  probable  cause  of  the  accident. 
It  appears  that  the  governor  was  not  destroye.d  and  while 
there  were  indications  of  corrosion  in  the  governor  valve, 
the  amount  of  steam  which  might  pass  through  it  would  not 
be  sufliciently  large  to  cause  excess  speed.  No  foreign  t)ody 
could  get  in  between  the  valve  disk  and  seat  since  there  was 
wire  netting  at  the  inlet.  Besides,  the  turbine  ran  quite  well 
in  the  morning  and  if  there  were  material  irregularities  in 
the  working  of  the  governor,  they  could  hardly  have  re- 
mained entirely  unnoticed  before;  and  finally,  if  the  acci- 
dent were  due  to  excess  speed,  the  most  likely  thing  to  hap- 
pen would  be  the  flying  off  of  the  rim  of  the  rotor  weakened 
by  the  tliread  made  on  it.     Such  cases  of  rui)turp  of  the  lim 


irregularities.  On  the  other  hand  a  microscopic  investigation 
of  the  fracture  showed  that  the  metal  in  some  places  was 
either  partly  or  roughly  crystallized.  From  the  information 
given  by  the  representative  of  the  concern  who  built  the 
rotor^  it  appears  that  the  blades  were  made  from  material 
delivered  by  an  important  Swedish  metallurgical  concern 
and  that  the  utmost  precautions  were  taken  to  obtain  the  best 
material  possible.  The  pieces  when  finished  are  usually 
tested  by  the  Brinell  method  and  also  run  for  twenty  min- 
utes at  a  speed  fifteen  per  cent  above  the  normal.  It  appears 
that  in  the  ease  of  the  rotor  in  question,  the  Brinell  test  had 
been  made,  but  that  the  test  run  was  omitted.  Now  the 
Brinell  test  indicates  only  the  condition  of  the  surface  layers 
of  the  metal  and  gives  no  information  as  to  possible  in- 
ternal weakness,  while  very  slight  errors  in  the  treatment 
of  the  metal,  especially  in  its  hardening,  may  lead  to  the 
gravest  results  when  the  turbine  wheel  is  run  at  a  high 
speed.  It  appears,  therefore,  to  be  absolutely  necessary, 
when  rotors  to  be  run  at  high  speed  are  supplied,  to  require 
properly  signed  and  attested  data  sheets  of  a  test  run  of  the 
rotor  at  a  speed  15  to  20  per  cent  above  the  normal  speed. 
The  great  importance  of  such  a  test  is  shown  by  the  tre- 
mendous amount  of  energy  stored  in  a  rotor  of  a  De  Laval 
turbine  or  similar  apparatus  rotating  at  high  speeds.  A 
disk    with    its   two   shaft    flanges   and   bolts   as   well   as   the 
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blades  weigh  approximately  135  kg.  (297  lb.)  and  has  a 
moment  of  inertia  of  approximately  39.5  cmkgs'  at  10,820 
r.p.m.  It  follows  from  this  that  at  full  siieed,  tlie  energy 
stored  in  the  disk  is 

E  =i  /(o'  =  25,300,000  cmkg  =  253,000  mkg  =  33  80  h.p.-see. 

The  heaviest  piece  which  broke  off  from  the  exploded  rotor 
weighed  27  kg.  (59.4  lb.).  The  peripheral  speed  of  the  cen- 
ter of  gravity  of  this  piece  was  approximately  200  m.  per 
second  (656  ft.),  and  when  it  got  free  from  the  disk  its 
energy  was  approximately 


2  g 


55.000  mkg 


/35  h.i).-sec. 


It  can  be  seen  from  this  what  a  tremendous  damage  would 
be  done  by  the  sudden  liberation  of  such  an  amount  of  en- 
ergy. 

Concerning  the  ITse  of  Water  of  Condensation  as 
Boiler  Feedwater  {Uber  Vcrueiidharlelt  von  Kondeti»- 
u-asser  zum  Kesselspeisen,  M.  R.  Schulz.  Zeits.  fiir  Dampf- 
kessel  und  Masehinenbetr-icb ,  vol.  37,  no.  21,  p.  257,  May  22, 
1914.      3  pp.,  1  tig.      pe).      A  considerable  n umber  of  Cdui- 


evaporated  per  year  10  X  100  X  25  X  24  X  300  1 
(47,540,000  gallons),  and  in  this  mass  of  water  will  be 
contained,  in  accordance  with  the  guarantee,  approximately 
180,000,000  X  0.01.525  g  =  2745  kg  (G040  lb.)  of  oil;  or, 
taking  about  300  lb.  i)er  barrel,  there  will  be  about  20  bar- 
rels of  oil  per  year  distributed  through  the  piping,  boilers 
and  superheaters.  This  is,  of  course,  a  theoretical  calcula- 
tion, and  actually  the  case  would  be  still  worse  as  no  manu- 
facturer of  oil  separators  would  guarantee  liis  apparatus  to 
u'ork  up  to  standard  for  an  entire  year  and  longer.  The 
author,  however,  does  not  assert  that  twenty  or  more  barrels 
of  oil  per  year  would  be  extracted  from  the  steam  plant 
since  part  of  the  oil  would  be  vapcirized  during  the  steam 
generation.  Enough  will  settle  in  the  superheaters,  pipes, 
etc.,  tci  produce  corrosion. 

Taking  up  different  types  of  plants,  the  author  says  that 
using  water  of  condensation  as  feedwater  is  general  in  sugar 
plants,  where  very  little  is  heard  of  corrosion  in  boilers,  due 
to  the  fact  that  as  a  rule  sugar  plants  are  in  operation  only 
eifflit  weeks  at  one  time  and  at  the  end  of  the  run  the  boil- 
ers and  other  appliances  are  thoroughly  cleaned.     Further, 


Boiler  Corrosion 


Fig.  S     Polster  "Shockmeter" 


plaints  have  been  made  lately  about  corrosion  in  steam  buil- 
ers,  superheaters,  steam  piping,  etc.  Such  corrosion  is  gen- 
erally local  and  very  small  at  first,  but  increases  later  and 
finally  pierces  the  material  by  needle-like  passages.  It  may 
be  recognized  by  observing  on  the  surface  of  steam  pipes 
and  boiler  sheets  tiny  excrescences  of  5  to  10  mm  (0.2  to 
0.4  in.)  in  diameter,  consisting  of  iron  oxide;  when  they  are 
removed  the  tyjjical  deepening  as  shown  in  Fig.  7  may  be 
observed.  Chemists  have  ascribed  the  origin  of  such  corro- 
sion to  many  causes,  but  a  long  study  of  the  matter  brought 
the  autlior  to  the  conclusion  that  they  do  not  depend  pri- 
marily on  the  quantity  of  air  or  of  carbon  dioxide  in  the 
feedwater,  but  that  both  of  these  do  accelerate  the  corro- 
sion if  oil  is  present  in  the  water.  Of  late  a  large  number 
of  oil  separators  for  steam  have  been  placed  on  the  mar- 
ket, none  of  which,  however,  is  as  effective  as  it  ought  to 
be.  One  German  manufacturer  of  oil  separators  offers 
to  place  his  apparatus  on  test  for  three  months  and  take  it 
back  without  any  compensation  whatever,  if  the  separator 
does  not  deliver  the  water  of  condensation  "  so  free  from 
oil  as  to  be  fully  safe  for  use  as  feedwater  in  steam  boilers  " 
and  undertakes  further  to  guarantee  that  the  water  will  con- 
tain not  more  than  0.01525  g  per  cbm  (0.43  grains  per  en. 
ft.)  of  water.  It  apjiears  therefore  that  even  during  such 
a  test,  when  the  apparatus  is  perfectly  new  and  assumedly 
in  perfect  order,  the  oil  cannot  be  entirely  eliminated  from 
steam.  As  regards  the  further  guarantee  that  the  water  of 
condensation  would  not  produce  corrosion  in  boilers,  three 
mouths  is  far  too  short  a  period  to  enable  the  user  to  form 
any  judgment  as  no  corrosion  generally  occurs  within  less 
than  one  or  two  years. 

Assuming  the  above  apparatus  to  work  as  guaranteed  on 
a  battery  of  ten  boilers,  each  having  100  sq.  m  (1076  sq.  ft.) 
of  heating  surface  and  a  25-fold  load  applied,  there  will  be 


in  the  sugar  factory,  in  addition  to  the  water  of  condensa- 
tion from  the  exhaust  steam  of  the  steam  engmes  is  also 
used  the  water  of  condensation  obtained  from  the  sugar 
tanks,  which  is  perfectly  free  from  oil.  The  custom  in  such 
plants,  also,  is  to  add  soda  to  the  feedwater  and  thus  pro- 
duce a  saponification  of  any  oil  particles  that  may  be  pres- 
ent. On  the  other  hand,  an  entirely  different  aspect  is  as- 
sumed in  many  factories  of  other  types. 

The  author  quotes  a  very  striking  case  of  a  paper  manu- 
factory where  the  boiler  plant  for  more  than  fifteen  years 
consisted  of  two  double-flue  tubular  boilers  to  which  were 
later  added  several  water  tube  boilers,  all  fed  by  ordinary 
water  direct  from  a  well.  Usual  methods  of  mud  and  boiler 
scale  elimination  were  used  and  later  on  water  purification 
by  the  calcium-soda  process  was  introduced  and  no  corro- 
sion was  observed.  The  plant  was  then  enlarged  and  new 
water  lube  boilers  installed.  Since  the  existing  feedwater 
purification  plant  was  not  sufficient  to  supply  all  the  water 
required,  it  was  decided  to  collect  the  water  of  condensation 
coming  from  the  exhaust  of  the  engines,  pass  it  through 
several  oil  separators  located  on  the  exhaust  piping  and 
feed  the  water  thus  obtained  into  a  battery  of  water  tube 
boilers.  As  a  result  of  this  arrangement,  corrosion  devel- 
oped several  years  later  in  the  boilers  and  sujjerheaters,  in 
the  feedwater  piping  and  even  in  the  steam  piping,  making 
it  necessary  to  shut  down  the  boiler  group.  The  author 
tlien  enlarged  the  water  purification  plant  and  had  all  the 
water  of  condensation  pass  through  a  iirocess  of  purification, 
since  which  no  corrosion  has  been  observed,  although  the 
]ilant  has  been  in  operation  for  over  a  year.  It  does  not 
appear  that  the  use  of  cast  iron  pipes  would  improve  the 
situation,  and  in  the  case  of  boilers  working  at  a  pressure 
of  eighteen  atmospheres  or  more  the  government  regulations 
in  Germany  do  not  allow  the  use  of  east  iron. 
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EXPERIAIENTAI,  Ix\  ESTICATIOX  OF  VARIATIONS  OF  PRES- 
SURE AND  Shocks  in  the  Crank  Mechanism  of  Recipro- 
cating Engines  (Ex  peri  men  telle  L'ntersuchimy  der  Druck- 
wechsel  utid  Stosse  im  Karbelijetriehe  von  Kolbenmaschinen , 
H.  Polster.  Zeits.  des  Vereines  deutscher  Inyenieure,  vol. 
.58,  no.  22,  p.  807,  May  30,  1914.  9  pp.,  14  figs.  eA).  The 
autiior  mentions  the  clitKculties  experienced  by  the  designers 
of  steam  engines  in  attempting  to  increase  the  speed  of 
revolution  because  of  "knocking"  in  the  crank  mechanism 
due  to  the  resultant  of  the  steam  and  mass  pressures  passing 
iroiii  the  positi\e  to  the  negative  side  during  a  single  revo- 
lution. The  pressures  on  the  pins  which  arise  as  a  result 
of  this  knocking  are  very  considerable  and  may  exceed  the 
(jrdinary  journal  pressures  from  five  to  ten  times.  While 
many  graphical  and  analytical  investigations  of  the  sub- 
ject liave  been  made,  they  have  not  arrived  at  uniform  coii- 
clusions. 

The  experiments  ol  tlie  autlior  were  carried  out  on  a 
(lorliss  engine  at  the  Laboratory  of  Mechanics  of  the  Dres- 
den Technical  High  School.  The  engine  had  4.50  mm  (17.7 
in.)  stroke,  diameter  of  piston  180  mm  (7.0  in.)  and  was 
designed  for  160  r.p.m.  The  piston  rod  with  a  diameter  of 
40  mm  (1.57  in.)  passes  through  both  cylinder  covers  and  is 
provided  with  stuffing  boxes  and  liemp  packing.  Tlie  lengtli 
of  the  connecting  rod  is  1000  mm  (39.37  in.),  the  distance 
of  its  center  of  gravity  from  the  cross-head  pin  is  673  mm 
(26.3  in.).  The  reciprocating  mass  weighs  45.87  kg.  (101.1 
lb.),  the  flywheel  has  an  external  diameter  1610  mm  (63.3 
in.)  and  its  moment  of  inertia  is  56.9  mkgsec"  (412.5  ft. -lb. 
per  sec.  per  sec).  In  designing  the  experimental  arrange- 
ment of  the  apparatus  it  was  recjuired  to  be  able  to  deter- 
mine tlie  actually  occurring  maximum  shock,  the  time  of  the 
shock,  the  instant  of  pressure  variation,  and  in  addition 
it  was  desired  to  be  able  to  investigate  separately  each  of 
the  four  shocks  correspt)nding  to  one  revolution  of  the  en- 
gine. The  shock  occurring  in  the  crank  pin  bearing  pro- 
duced a  trembling  in  the  connecting  rod.  If  one  assumes  at 
both  ends  of  the  rod  a  sufficiently  large  amount  of  play, 
(hen  the  connecting  rod  at  the  instant  of  the  shock  may  be 
considered  as  a  mass  having  a  free  motion  of  flight  and 
the  force  producing  the  shock  will  communicate  to  this 
mass  a  corresponding  acceleration  which  increases  in  the 
same  proportion  as  the  force  of  shock,  attains  its  maximum 
simultaneously  with  it,  and  then  begins  to  decrease  also 
simultaneously  with  if.  If  now  there  be  a  small  mass  .1 
as  in  Fig.  8,  which  is  i)ressed  against  a  certain  body  B  by 
means  of  a  weigiitless  spring  C  and  if  the  entire  system 
lie  accelerated  in  the  direction  of  the  axis  x  —  y  then  as  the 
acceleration  h  increases,  the  pressure  between  A  and  B  w'ill 
decrease  more  and  more  and  at  the  instant  where  h  equals  the 
tension  of  the  spring,  it  will  become  0.  If  6  be  increased 
still  more,  then  .4  will  get  free  from  B  and  the  two  bodies 
will  come  back  into  contact  only  after  the  tension  of  the 
spring  again  exceeds  the  acceleration  (no  attention  is  here 
paid  to  oscillatory  iihcnomena). 

If  now  such  a  device  as  shown  in  Fig.  8  be  placed  on  a 
connecting  rod  in  sucli  a  manner  that  its  axial  direction  be 
])ai'allcl  to  3-  —  y,  then  with  the  maximum  force  of  shock  P 
kg,  a  certain  definite  maximum  acceleration  h  msec~^  of  the 
connecting  rod  in  its  axial  direction  will  be  produced,  and 
by  varying  the  spring  tension  F,  the  aiiparatus  can  be  ad- 
justed in  such  a  manner  tliat  the  mass  m  will  be  either  just 
in  contact  with  A  or  in   such  a  position   that   it  could  not 


be  brought  oat  of  contact  with  it.  Whether  this  happens, 
can  be  detei-miued  by  insulating  A  from  the  spring  and  con- 
necting A  and  B  with  the  poles  of  an  electric  circuit :  at  the 
instant  when  the  current  is  interrupted  in  the  circuit,  one 
can  say  the  bm  =  F  where  b  is  acceleration  of  B  with  re- 
spect to  A  in  msee~^,  m  is  the  mass  of  .1  in  kg.m~'sec",  and 
/•'  is  the  tension  of  the  spring  C  in  kg.  If  further  M  be  the 
total  mass  of  the  connecting  rod  including  the  mass  of 
li  kg.m"^sec',  then  the  force  applied  to  the  connecting  rod 

M 
will  be  P  =  Mb  =    —  F.     This  gives  a  simple  way  to  meas- 
m 

ure  the  force  of  the  shock  P  which  otherwise  is  not  easy 
to  determine,  from  the  tension  of  the  spring  /•'  which  can 
be  easily  measured.  The  author  calls  this  apparatus  "  shock 
meter "  and  describes  fully  its  actual  construction  which 
involves  quite  a  complicated  system  of  electrical  connec- 
tions. 

As  the  lack  of  space  does  not  permit  a  com])lete  abstract 
of  the  article,  only  the  main  results  of  the  investigation  are 
reported  here.  "  The  Position  of  Pressure  Variation  "  can- 
not act  as  a  criterion  for  the  strength  and  danger  of  the 
shock:  the  shock  at  the  dead  center  can  be  just  as  innocu- 
ous as  in  the  middle  of  the  stroke.  The  speed  of  revolution 
of  the  engine  has  a  certain  influence  on  the  jiressure  rise  per 
second  of  the  over-pressure  line,  the  latter  being  propor- 
tional to  the  speed  of  revolution,  yet  the  speed  of  revolution 
does  not  appear  to  have  any  further  influence  on  the  force 
of  siiock.  P  is  a  function  of  only  the  "  pressure  rise  "  per 
second  of  the  over-pressure  line,  dimension  of  play,  and 
lubrication.  With  inereasuig  play  the  strength  of  the 
shocks  increased  and  then  either  decreased,  or  increased  less 
rapidly,  in  accordance  with  the  kind  of  pressure  variation 
and  of  lubrication,  which  is  due  to  the  fact  that  where  there 
is  a  larger  play,  the  admission  of  the  oil  is  more  effective. 
The  kind  of  lubrication  has  a  material  influence  on  the  force 
of  shocks,  poor  lubrication  producing  hard  knocking.  A 
very  slight  oil  pressure  is  required  to  reduce  to  a  consid- 
erable extent  the  strength  of  the  blows,  and  higher  oil  pres- 
sures improve  the  condition  still  better  but  not  in  propor- 
tion to  the  increased  oil  consumption.  The  present  article 
is  a  valuable  extension  of  the  former  investigations  such  as 
those  of  Stribeek. 

Thermodynamics 

Investigation  of  the  Heat  Conductivity  of  Refrac- 
tory Materials  (Vntersuchungen  iiber  die  Warmeleitf'dhig- 
l-eit  feuerfester  Bniistoffc.  Stnhl  und  Eisen,  vol.  34,  no.  20, 
]j.  832.  3  pp.,  2  figs.  e).  The  present  article,  which  is  a 
communication  from  the  Royal  Laboratory  for  Testing  Ma- 
terial at  Berlin-Lichterfelde  West,  in  the  fii-st  place  criti- 
cises the  methods  used  for  the  determination  of  heat  con- 
ductivity of  refractory  structural  materials.  The  process 
often  used  hitherto  and  known  as  the  calorimetric  method, 
consists  in  heating  up  from  an  external  source  a  face  A 
of  a  plate  made  of  tlie  material  investigated,  and  measuring 
by  means  of  a  water  calorimeter  the  heat  coming  from  the 
opposite  face  B  of  the  plate  after  a  normal  state  of  oper- 
ation has  been  attained.  This  process  has  been  very  much  in 
favor  because  it  makes  it  possible  to  obtain  a  simple  for- 
mula for  the  calculation  of  heat  conductivity,  but  it  has 
many  experimental  difliculties  and  is  reliable  only  when  the 
(low  of  heat  in  the  caloi'imeter  is  al)solntely  uniform:   fliat 
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is,  when  each  particle  of  the  area  of  the  heated  face  ^1  com- 
muuieates  its  heat  to  an  equally  large  particle  of  the  area 
of  the  opposite  face  B  of  the  plate.  If  this  condition  is  not 
satisfied,  as  has  heeii  for  instance  the  ease  in  some  previous 
experiments,  then  the  values  of  conductivity  obtained  may 
contain  errors  as  high  as  100  to  200  per  cent.  This  condi- 
tion of  a  uniform  flow  of  heat  is  extremely  diflicult  to  secure 
when  the  calorimeter  process  is  used  and  if  by  a  special  com- 
plicated method  one  manages  to  satisfy  this  particular  re- 
quirement, man_y  other  sources  of  error  are  likely  to  arise. 
The  calorimeter  method  has.  therefore,  been  set  aside  in  the 
present  test  and  another  method  briefly  described  has  been 
used  instead. 

The  test  plate  was  built  in  in  a  wall  made  of  stones  of 
the  same  or  similar  kind,  Fig.  9A.  The  experimental  plate 
(as  well  as  the  surrounding  bricks)  comes  in  contact  by  its 
face  A"  with  the  plate  P,  made  uji  of  a  highly  refractory 
material.  The  latter  is  heated  by  means  of  a  granular  re- 
sistance mass  M  (carbon  granules)  by  means  of  a  current 
flowing  through  the  electrodes  B.,  and  i?„.  Actually,  and 
different  from  what  is  shown  in  Fig.  A,  the  thickness  of 
the  wall  element  in  the  diiettion  uf  tlie  .\  axis   (the  lon^i- 
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Fig.  9     Ahhangement  for  the  Determination  of  Heat  Conductivity  of 
Refractory  Materials 


under  an  assumi)tion  of  various  values  for  a',  one  may 
calculate  the  position  of  the  t  ■ —  u  curves  for  various  distances 
A",  these  lines  being  called  for  the  sake  of  distinction  t  —  m" 
curves.  By  comparing  the  calculated  t  —  u"  curves  with  the 
t  —  u  curves  observed  from  actual  experiments,  one  may  draw 
some  conclusions  as  to  a'  which  first  shows  the  specific  prop- 
erties of  the  material  tested  and  in  the  second  place  gives 
information  as  to  the  law  of  its  variation  with  temperature. 
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BuUeliii,  vol.  SO,  May  1914.    New  York. 
Turbo-Blowers  for  Blast  Furnace  Blowing,  Richard  H.  Rice 

(abstracted) 
Data    pertaining   to   Gas    Cleaning   at   the    Duquesne   Blast 

Furnaces,  A.  N.  Diehl 
Is   it    Fea-ible   to   .Make   Common    Carriers  of   Natural   Gas 

Transmission  Lines,  Samuel  S.  Wyer 
The  Progress  of  the  Metallurgy  of  Iron  and  Steel,  Sir  Rol)- 

ert  Hadfield 

.Pressure  Yariafion  With    Turbo  Blower 


_ ,  Pressure  Variation  wiffi  Reciprocating  Engines 
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Fig.    10     Pressure  Curves  of  Turbo-Blowers  and  Blowers  Driven-  hy 
Reciprocating  Engines 


tudinal  nuildle  lino  along  the  experimental  brick)  was  not 
equal  to  tlie  length  of  the  brick,  but  two  bricks  were  placed 
side  by  side  so  as  to  make  the  thickness  of  the  wall  element 
equal  to  two  lengths  of  brick.  In  the  longitudinal  axis  of 
the  experimental  brick  are  located  the  soldered-in  ]ioints 
of  the  thermo-elements.  as  shown  in  the  drawing.  The 
main  thej-mo-elements  were  thus  located  at  X  =  0  and 
X  =  1..5  cm  measured  from  A",.  All  the  other  connections 
were  used  only  for  the  additional  control  of  the  tests.  After 
the  heating  current  has  been  placed  in  circuit  the  tempera- 
tures M„  at  X  =  0  and  ««j.-  at  X  =  1..5  cm  is  read  at  regular 
intervals  of  time  by  means  of  the  thermo-elements  and  in 
tliis  way  two  curves  aje  obtained  with  T  in  seconds  as 
abscissae  and  the  temjieratures  w„  or  ?(,.5  as  ordinates. 
(Fig.  B.)  These  cur\es  may  be  called  t  —  ;(  cui-ves;  tlie  tem- 
perature u  is  not  the  actual  temperature,  but  the  excess 
over  the  temperature  of  the  external  air  at  the  point  of 
measurement.  If  the  heat  conductivity  of  a  material  is 
called  k.  its  specific  heat  c  and  its  weight  per  unit  of  volume 

s,  then  a'  =     -   is  the  so  called  temperature  coefficient  of 
c.s 

conductivity  which,  just  as  k,  is  a  function  of  tlie  tempera- 
ture ?(.  If  one  assumes  that  o"  is  constant,  that  is,  inde- 
pendent of  temperature,  from  the  shape  of  the  u„  curve  and 


Turbo-Blowers  kor  Bl.vst  Furxace  Blowixg,  Richard  II. 
Rice  (22  pp.,  9  figs.  d<jp).  The  paper  presents  a  review  of 
the  experience  gained  and  the  present  state  of  progress  in 
llie  design  of  turbo-blowers  for  blast  funiace  blowing.  On  ac- 
count of  lack  of  space  only  certain  parts  are  here  abstracted. 
It  has  been  frequently  contended  that  the  blast  from  the 
reciprocating  engine  is  just  as  steady  as  that  from  the  turbo- 
blower and  that  pulsations  due  to  intermittent  discharge 
from  air  tubs  were  smoothed  by  the  frictional  resistance  of 
blast  main  and  stoves.  In  order  to  settle  this  question  a 
special  measuiing  instrument  devoid  of  inertia  was  designed, 
making  it  possible  to  obtain  a  record  of  the  pressure  varia- 
tions in  the  blast.  The  record  shown  in  Fig.  10  was  made  on 
a  furnace  working  on  Southern  iron  and  at  the  time  it  was 
blown  with  reciprocating  engines  there  were  four  engines 
in  use,  two  of  which  had  steam  cylinders  84  in.  in  diameter 
and  air  cylinders  81  x  60  in.  stroke,  while  two  had  steam 
cylinders  14  in.  in  diameter  and  air  cylinders  84  x  60  in. 
stroke  and  were  operated  at  an  average  speed  of  40  revo- 
lutions per  minute,  giving  a  total  displacement  of  about 
60,000  cu.  ft.  of  air  per  minute.  They  were  of  the  vertical 
long-  crosshead  type  equipped  with  Corliss  air  inlet  valves 
and  modified  Rejiiolds  type  discharge  valves.  The  curve 
obtained  when  operatins-  in  this  manner  apparently  consists 
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of  a  primai-y  \va\e  and  a  seeoiulary  wave,  the  first  being 
due  to  tlie  discliarge  of  the  reciprocating  cylinders  while 
the  secondary  waves  may  be  caused  by  the  fluttering  of  the 
discharge  valves.  In  contrast  with  this  is  shown  a  compara- 
tively flat  curve  of  pressure  variations  observed  with  the 
turbo-blowers.  The  article  describes  also  the  design  of  a 
constant  volume  governor  for  centrifugal  compressors  and 
gives  some  data  on  the  performance  of  reciprocating  steam 
engines,  gas  blowing  engines  and  turbo-blowers,  but  comes 
to  the  conclusion  that  the  gas  consumption  of  the  recipro- 
cating steam  blowing  engine  is  so  high  as  compared  with 
that  of  a  turbo-blower  that  it  is  not  possible  with  any  form 
of  blowing  engine  to  come  within  reasonable  range  of  the 
turbo-blower  in  this  respect.  The  steam  practice  of  blast 
furnace  and  steel  works  is  hopelessly  behind  the  times  and 
needs  entire  revision,  but  with  the  introduction  of  the  tur- 
bine-driven plant  in  which  modern  economical  steam  prac- 
tice is  applied  there  is  a  lower  cost  of  operation,  less  stop- 
page and  loss  of  pi'oduct,  and  a  larger  product  for  the  same 
furnace  and  one  of  better  quality  than  by  any  other  prime 
mover  now  in  use  for  the  i)uri)ose. 

AMERICAN  SOCIETY  OF  NAVAL  ENGINEERS 

Journal,  vol.  26,  no.  2,  Ma/j  191i.     Washington,  D.  C. 

Operation  and  Trials  of  the  U.  S.  Fleet  Collier  "  Jupiter," 
S.  M.  Robinson   (abstracted) 

Designing  a  Foundry  for  a  Navy  Yard,  F.  M.   Perkins 

The  Breguet  Ejectair,  M.  M.  Delaporte 

Oil  Burning,  John  J.  Hyland 

The  Desirabilitv  of  Using  High  Mean  RefeiTed  Pressures, 
H.  C.  Dinger 

The  Effect  of  Mixing  Oils  in  Forced-Lubrication  Svstems, 
G.  S.  Bryan   (abstracted) 

Gearing  and  the  Electric  Drive,  H.  C.  Dinger 

Empirical  Fomiula  tor  the  Weight  of  Steam  Passing 
through  a  Venturi  Tube,  John  B.  Grumbein  (ab- 
stracted ) 

Opebatiok  axd  Trials  of  the  U.  S.  Fleet  Collier 
"Jupiter,"'  S.  M.  Robinson  (12  pp.,  5  figs.  eg):  The 
article  describes  operation  and  trials  of  the  U.  S.  Fleet  Col- 
lier Jupiter,  equipped  with  an  electric  system  of  transmis- 
sion between  the  turbine  plant  and  propellers.  The  ma- 
noeuvering  qualities  of  the  electric  drive  have  proved  to  be 
highly  satisfactory;  when  the  resistances  are  in,  the  opera- 
tion is  practically  instantaneous  and  this  makes  it  possible 
to  use  the  engines  to  help  the  rudder.  There  are  several 
conditions  of  operation  which  are  peculiar  to  the  electric 
drive.  One  is  that  if  operated  at  all,  both  motors  must  go 
at  the  same  speed ;  that  is  to  say,  it  is  not  possible  to  go  full 
speed  aliead  on  one  of  the  motors  and  slow  astern  on  the 
other.  Another  peculiarity  is  that  when  the  ship  turns  the 
inboard  screw  does  not  slow  down  but  keeps  the  same  speed 
as  the  outboard.  Tiiis  results  in  a  slightly  larger  turning 
circle,  at  liigh  speed,  but  apparently  the  increased  pressure 
en  the  rudder  under  these  conditions  nearly  makes  up  for 
the  effect  of  the  higher  speed  of  the  inboard  screw.  One  of 
the  advantages  noted  in  the  behavior  of  the  electric  drive  at 
sea  w'as  the  total  absence  of  racing.  The  governor  so  effectu- 
ally prevents  this  that  even  with  bad  pitching  there  was  no 
change  in  speed  of  the  motors  when  coming  in  or  out  of 
the  water.  Another  advantage  of  the  governor  is  the  gi'eat 
accuracy  with  which  any  desired  number  of  revolutions  can 
be   maintained.      The  control   wheel   once   set  will   maintain 


tiie  same  speed  within  a  small  fraction  of  a  revolution  for  an 
indefinite  period  of  time,  regardless  of  changes  in  vacuum 
or  steam  pressure. 

The  article  gives  data  of  tests  in  the  form  of  tables  and 
curves.  The  ship  liad  a  water  consumption  per  s.h.p.  hour 
in  the  48-hour  test  of  11.68  lb.  (turbine)  and  in  the  •24-hour 
test  12.31C  lb.  fuel  consumption  in  pounds  of  coal  per  hour 
per  s.h.p.  1.662  and  2.5050  respectively,  developing  15.9  and 
4.48  (?)  s.h.p.  per  square  foot  of  grate  surface  and  2.82 
and  4.43  knots  per  ton  of  coal. 

The  Effect  of  Misixg  Oils  ix  Forced-Lubrication  Sys- 
tems, G.  S.  Bryan  (10  pp.,  2  figs.  e).  In  the  Service  of 
the  United  States  Navy  trouble  has  been  experienced  in  the 
forced-lubrication  systems  of  main  engines  and  turbines 
and  it  has  been  frequently  suggested  that  this  trouble  might 
possibly  be  due  to  the  mixing  of  two  or  more  oils  in  the  same 
system.  In  order  to  decide  whether  or  not  mixing  oils  had 
any  harmful  effect,  a  series  of  tests  was  undertaken  at  the 
Engineering  Experiment  Station  at  Annapolis  with  eight 
oils,  five  of  which  were  parafiine  base  and  three  asphalt  base 
oil.  The  test  was  divided  into  three  general  parts:  (a)  tests 
in  oil  testing  machine,  (h)  chemical  examination  for  condi- 
tion of  refinement  and  determination  of  the  physical  consti- 
tution before  and  after  use  in  above  machine,  and  (c)  test  of 
oils  mixed  with  steam  and  water.  A  special  oil  testing  ma- 
chine has  been  constructed  to  reproduce  forced-lubrication 
conditions.  These  tests  have  demonstrated  that  no  harmful 
effects  result  from  mixing  any  or  all  of  the  oils  tested.  It 
is  believed  that  the  eight  oils  tested  are  representative  enough 
to  cover  the  field  of  oils  for  forced-lubrication  and  that  the 
conclusions  drawn  from  these  tests  will  apply  to  all  straight 
mineral  oils  used  in  forced-lubrication  systems.  The  article 
gives  also  some  data  on  mixtures  of  oil  with  steam  and 
water  and  "  separated  matter  ''  obtained.  This  "  separated 
matter  "  took  the  form  of  a  thick  jelly-like  emulsion.  The 
same  cliaracter  of  emulsion  was  formed  by  bubbling  steam 
through  the  oil  for  a  few  minutes;  when  the  mixture  was 
stirred  under  50  lb.  steam  pressure,  the  emulsion  disap- 
peared and  a  different  kind  of  "  separated  matter "  made 
lis  appearance. 

Empirical  Formula  for  the  Weight  of  Steam  Pass- 
ing THROUGH  A  Venturi  Tube,  John  B.  Grumbein  (2  pp., 
1  fig.  et).  The  author  derives  a  new  formula  for  the 
weight  of  steam  passing  through  a  venturi  tube,  different 
from  the  Rankine  formula.  Fig.  11  gives  the  results  of  a 
series  of  actual  experiments  on  the  venturi  meter  as  com- 
pared with  the  calculated  results  from  the  Rankine  formula 
for  the  flow  of  steam  through  orifices.  The  dotted  line  cor- 
responds to  zero  error,  the  full  line  to  the  results  obtained 
by  the  Rankine  formula;  these  results  were  4.9  per  cent 
greater  than  indicated  by  the  Rankine  formula  and  the  ex- 
periment indicates  that  the  coeflicient  42  employed  by  Ran- 
kine for  orifices  should  be  replaced  by  40  for  the  venturi 
tube.  For  the  venturi  meter  the  author  modifies  the  Ran- 
kine formula  as  foUows : 


11'  =  a.p,  0.030(i2( ^1 


where  W  is  jDounds  per  second,  o,  area  of  the  throat  in 
square  inches,  p,  pressure  in  tlie  throat,  pounds  per  square 
inch  absolute,  P,  pressure  entering  meter,  pound  per  square 
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inch    absolute.       The    fomiula    lias    been    devi'ldiicd    in    tla' 
laboratories  of  Sililey  College. 
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Journal,   vol.  52,  no.  -j.  Mm/   I'Jli,  St.  Louia,  Mo. 
Timber  Conservation  and  Presorvatinn  in  the  United  States, 

E.  L.  Powell 
New  Turbine  Pumps  of  the  St.  Louis  Water  Works,  L.  A. 

Day  (abstracted) 
Engineering-  and  Accounting  (Discussion). 

New  Turbixe  Pumi's  of  the  St.  Louis  Water  Works, 
L.  A.  Day  (13  pp.,  4  figs.  de).  The  article  describes  the 
steam  turbines  and  centrifugal  pumps  of  the  St.  Louis  Water 
Works.  Some  time  ago  when  the  safe  working  capacity  at 
the  Chain  of  Rocks  Station  in  St.  Louis  had  been  reached, 
it  was  decided  to  replace  two  20,000,000  gallon  AVorthington 
pumps  witli  centrifugal  pumps  of  greater  capacity,  namely, 
two  40,000,000  gallon   pumps.     Two  such  pumps  of  the  re- 
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Fig.  11      Curve  of  Flow  of  Steam  through  a  Venturi  Nozzle 

ciprocatmg  type  would  have  cost  approximately  .1;230,000, 
the  duty  in  feet  pounds  of  work  per  thousand  pounds  of 
steam  of  the  reciprocating  type  being  approximately  150,- 
000,000.  Two  40,000,000  gallon  turbine  centrifugal  pumps 
cost  $55,000  with  an  average  duty  of  94,000,000,  while  the 
maintenance  cost  iu  the  first  case  would  be  about  $780  per 
pump  per  year  and  in  the  second  $550.  In  capitalizing  the 
investment  the  following  formula  was  derived : 

:i^l^+F(.-  +  rf)+i  +  M  =  c' 

where  A  is  the  total  number  of  gallons  pumped  per  year, 
IT'  weight  of  a  gallon  of  water,  II  average  total  head  in  feet 
pumped  against,  P  cost  of  steam  per  1000  lb.,  D  average 
duty  in  foot  pounds  per  1000  lb.  of  steam,  F  total  invest- 
ment, i  rate  of  interest  on  investment,  d  rate  of  depreciation, 
L  yearly  cost  of  operating  labor,  M  yearly  cost  of  miscel- 
laneous expenses  of  operation,  C  total  cost  per  year.  Solv- 
ing for  C  with  both  types  of  pumps,  a  difference  of  $13,000 
was  obtained  in  favor  of  the  turbine  driven  pump,  which 
means  that  in  a  little  more  than  four  years  the  centrifugal 
pumps  will  have  paid  for  themselves.  Needle  ice  suspended 
in  the  river  water  during  the  winter  and  sand  throughout 
the  year  are  additional  important  reasons  for  installing 
centrifugal  pumps.  On  account  of  these  conditions,  a  con- 
tract was  given  for  two  De  Laval  525  h.p.  steam  turbine 
driven  centrifugal  pumping  units  each  to  have  a  capacity  of 
42,000,000  gallons  in  24  hours  working,  under  a  total  head 


hicluding  friction  iu  the  suction  and  discharge  pipes  of  46 
ft.;  a  capacity  of  40,000,000  gallons  under  a  total  head  of 
50  ft.  and  a  capacity  of  30,000,000  gallons  under  a  total 
iiead  of  63  ft.,  the  46  and  63  ft.  heads  being  the  minimum 
and  maximum  heads  at  tliat  station,  due  to  the  different 
stages  of  the  river  throughout  the  year. 

Each  pumping  unit  consists  of  two  single-stage  double- 
suction  24  in.  volute  pumps  without  diffusion  vanes  and 
v\-ith  impellers  ot  the  closed  type.  Tiic  double  suction  im- 
peller practically  eliminates  end  thrust,  but  a  marine  thrust 
bearing  is  provided  at  the  end  of  the  pump  shaft  to  take 
care  of  any  thrust,  which  might  occur  if  for  instance  some- 
thing should  become  lodged  in  one  side  of  the  impeller  and 
jirevent  the  proper  filling  of  the  pump  on  that  side.  Al- 
though manganese  bronze  proved  satisfactory.  Government 
l)ronze  will  be  used  when  the  impellers  require  renewal  be- 
cause it  can  be  much  better  cast  than  manganese  bronze. 
The  pump  case  is  horizontally  divided  through  the  center  of 
tlie  main  sliat't,  and  when  the  pump  case  cover  is  removed 
an  examination  of  all  working  parts  can  be  made  without 
disturbing  any  of  the  pipe  connections.  The  only  moving 
parts  are  the  shaft  and  impeller  and  the  only  wearing  parts 
are  the  wearing  rings,  bearings  and  shaft  protecting  sleeves 


Fig.  12     Bearings  of  the  Turbine  Pumps  of  the  St.  Louis  Water  Works 

(Fig.  12).  The  stutfiug  boxes  contain  soft  packing  with  a 
hollow  skeleton  ring  in  the  middle  of  the  packing  to  which 
clear  water  under  pressure  is  admitted  forming  an  air 
tight  seal  and  preventing  loss  of  suction.  The  shaft  in  the 
stuffing  box  is  protected  by  a  bronze  sleeve  which  forms  a 
ijearing  for  the  packing  and  can  be  easily  removed  when 
worn  or  scored.  The  shaft  jjroper  being  thus  subject  to  no 
wear. 

The  final  tests  have  given  the  following  results :  Head, 
53.06  ft.;  delivery,  42,900,000;  duty,  96,800,000;  head, 
55.46  ft.;  delivery,  30,040,000;  duty,  93,800,000.  The  im- 
pellers were  changed  after  installation  and  the  following  re- 
sults obtained:  Head,  58.86  ft.;  delivery,  38,480,000;  duty, 
104,100,000;  head,  62.15  ft.;  delivery,  36,458,333;  duty, 
101,600,000. 

Answering  cjuestions  in  the  discussion  which  followed,  the 
author  stated  that  the  best  speed  at  which  the  pumps  should 
run  is  to  a  great  extent  a  matter  of  calculation  and  it  is 
likely  that  as  far  as  the  exact  speed  is  concerned  each  pump 
would  have  its  own  particular  characteristic.  For  instance, 
tlie  design  of  the  wearing  ring  would  affect  the  capacity  of 
the  pump  and  the  builders  themselves  have  constants  which 
they  use  and  of  which  they  did  not  inform  the  purchasers. 
The  speed  is  not  changed  with  the  change  of  head.  The  me- 
chanical efficiency  of  the  aggregate  will  run  around  ninety- 
five  per  cent  over  all,  vacuum  being  27  to  28  in. ;  at  full  load. 
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the  steam  poiisuniptidii   was  15.1    11).;  at  onc-lialf  load   Ki.'i 
and  at  tlire<'-i)uarteis  load  10.1    11). 

AUSTRALASIAN  INSTITUTE  OF  MINING  ENGINEERS 

I'ructcdini/n,  .Vfii;  Scrips,  no.   I-'l,  lUIl,  Mclhuunn  . 

Tin:  Requikeme.vts  of  Econo.mical  Winding,  J.  Arm- 
strong Turnbull  (43  pp.,  37  tigs.  p).  The  paper  describes 
the  main  points  for  special  consideration  regarding  winding 
engines  used  in  connection  with  vertical  and  inclined  shafts. 
The  article  is  of  a  i)ractical  nature  and  on  account  of  lack 
of  s))ace  only  certan  few  points  will  be  referred  to  here. 
Head  flames  are  usually  constructed  of  wood,  owing  to  its 
sui)posed  cheajjuess.  Wooden  head  frames,  however,  require 
quite  a  number  of  e.xtra  members;  not  from  a  load  resist- 
ing point  of  view",  but  from  the  standpoint  of  mechanical 
construction.  As  an  iron  or  steel  frame  can  be  designed  so 
as  practically  to  reduce  redundant  members  to  a  very  small 
degree,  often  the  iron  or  steel  frame  is  the  cheaper  of  the  two. 
besides  having  a  life  at  least  four  or  six  times  longer  than 
that  of  wood.  The  pit-head  |)ulleys  should  be  at  least  three 
(juarters  tlie  diameter  of  the  winding  drum  and,  preferably, 
the  full  diameter  of  the  latter.  The  losses  due  to  these  pul- 
leys are  directly  proportional  to  the  weight  of  wheel,  its 
load  and  diameter  of  journals  multiplied  by  the  revolutions 
per  wind.  Hence,  these  wheels  should  be  large  in  diameter, 
and  have  as  small  journals  as  is  consistent  with  strength. 
It  is,  however,  necessary  that  the  total  weight  of  head  pul- 
leys should  be  kept  low,  for  other  reasons  than  frame  strains, 
viz.,  in  the  case  of  a  heavy  pulley  where  the  inertia  may 
exceed  the  rope  load,  the  wheel  may  continue  to  revolve 
after  the  wind  is  finished  and  injure  the  rope.  All  winding 
shafts  should  be  eciuipped  with  cages  having  the  following 
automatic  safety  appliance:  a  spring  buffer  draw-bar,  in 
addition  to  the  usual  suspension  chains  and  adjusting 
screws ;  safety  catches  to  grip  either  wooden,  iron  or  pliable 
slides  and  automatic  stops  which  cannot  be  tampered  with 
unless  the  cage  is  resting  on  the  shaft  catches;  overwinding 
automatic  disengaging  hook;  and  a  special  set  of  additional 
catches  with  adjusting  screws  placed  in  the  head  frame  so 
that  the  cage  or  skip  when  in  the  overwound  position  will 
just  press  through  them  and  be  not  more  than  6  in.  above 
them  when  unhooked.  The  saving  of  property  in  the  event 
of  an  acciilent  more  than  compensates  for  their  initial  and 
maintenance  costs.  The  author  discusses  in  detail  the  con- 
ditions of  balancing  on  the  engines  and  comes  to  the  con- 
clusion that  it  is  very  necessary  to  keep  down  the  size  of 
winding  rope  as  this  causes  the  largest  amount  of  unbal- 
ancing effect  on  winding  engines.  He  discusses  further  the 
principal  methods  of  balancing  winding  engines,  among 
others  tiie  continuous  rope  systems  known  as  the  Koepe  and 
Whiting.  It  appears,  however,  that  the  introduction  of  any 
of  these  systems  of  winding  acts  not  so  much  as  a  means 
of  balancing  as  a  means  of  reduction  of  rope  abrasion, 
although  these  systems  especially  lend  themselves  to  tiie 
suitable  application  of  the  tail  rope  as  a  balance.  The 
author  describes  in  detail  and  illustrates  the  construction  of 
winding  engine  cylinders  and  the  question  of  their  clear- 
ances. The  acceleration  required  in  a  winding  engine  is  per- 
haps one  of  the  most  severe  requirements  that  steam  engines 
are  ever  called  upon  to  meet  and  to  ensure  the  best  operating 
conditions  the  automatic  governor-control  cut-off  must  act 
within  tlie  first  two  revolutions  of  the  winding  drums,  and 


it  is  most  important  that  there  be  no  hesitation  on  the  gov- 
ernor's I'art  in  getting  up  to  speed.  The  author  discusses 
also  in  considerable  detail  the  brakes  used  on  winding  engine 
drums  as  well  as  the  automatic  stop  motions,  and  passes  on 
lo  a  brief  discussion   of  electric  winding  engines. 

EIGHTH     ANNUAL     CONFERENCE     OF     WEIGHTS     AND 
MEASURES 

Washington,  D.  C,  May  1913   {abstracted  from  manu- 
script). 

Scale  Con.struction,  A.  Bovsfield.  It  is  of  a  great  ad- 
vantage to  weigh  freight  cars  in  motion,  but  to  do  this  well, 
the  lever  system  of  the  scale  must  be  sufficiently  hea\'y  to  re- 
sist, without  undue  deflection,  the  effects  of  the  moving 
loads  and  the  platform  must  have  j^erfect  freedom  of  motion 
in  both  planes  and  if  moved  slightly  from  its  normal  posi- 
tion, must  return  promptly  to  i^osition  and  balance.  The 
suspension  or  jiendulum  system  of  scale  construction  ap- 
])ears  to  be  the  most  accurate  that  has  yet  been  evolved  and 
for  weighing  loads  is  superior  to  old  rigid  bearing  types. 
There  are  tliree  distinct  types  of  levers  used  in  scale  con- 
struction. The  straight  line  solid  lever  type  is  particu- 
larly well  adapted  to  track  scale  work,  where  great  rigidity 
is  an  all  important  feature.  The  straight  line  trussed  lever 
type  is  well  adopted  to  w^agon  scales  where  platforms  are 
large  and  the  capacity  light.  Pipe  or  torsion  levers  are 
adopted  to  scales  which  are  to  be  applied  to  hopper  and 
charging  cars.  The  principal  objection  to  this  type  of  lever 
IS  that  for  heavy  capacities  the  cylindrical  portion  has  to 
be  made  very  large  and  heavy,  in  order  to  resist  the  com- 
bined Ijeiiding  and  torsional  strains  induced  by  the  loading. 
If,  howe\'er,  long  fulcrnms  are  used  and  the  bending  and 
torsional  stresses  kept  low,  rigid  and  accurate  scales  can  be 
designed  and  built  with  pipe  levers.  In  designing  scale  levers, 
it  is  necessary  not  only  to  consider  the  safe  working  stresses 
lo  which  the  various  materials  used  may  be  subjected,  but 
the  deflection  of  the  levers  under  load  must  also  be  consid- 
ered, as  one  of  the  sources  of  error  in  a  scale  is  the  elasticity 
of  the  material.  Bending  and  twisting  of  the  lever  system 
tends  to  change  the  multiplication  and  produce  alterations 
in  the  state  of  equilibrium.  If  the  size  of  important  mem- 
bers is  so  reduced  as  to  produce  excessive  stresses,  accuracy 
will  be  materially  sacrificed  when  the  scale  is  loaded  to  full 
capacity. 

Pivots  and  knife  edges  may  be  considered  as  infinitely 
smaif  icillcis,  rolling  upon  their  foundation  or  bearings. 
Either  a  perfectly  flat  bearing  or  one  whose  surface  is 
forine<l  by  a  large  radius  is  better  than  a  sharp  V  bearing 
since  with  the  latter  an  element  of  friction  is  introduced. 
In  some  types  of  special  construction  the  V  bearing  is  a 
necessary  evil.  The  correct  angle  for  knife  edges  and 
pivots  has  never  been  very  definitely  determined.  The  angle 
of  90  deg.  gives  good  results  for  heavy  loads,  but  for  scales 
of  light  capacities  a  sharper  angle  is  desirable  and  for 
scales  up  to  150  lb.  capacity  may  be  45  deg.  The  end  to 
1)6  aimed  at  in  establishing  the  correct  angle  for  pivot  and 
knife  edges  is  to  determine  the  angle  which  will  enable  the 
jiivot  to  support  the  greatest  load  with  a  minimum  wear 
under  all  conditions.  There  is  a  general  agreement  among 
scale  designei-s  that  the  greater  the  load,  the  greater  should 
be  the  angle  of  pivot  or  knife  edge.  The  bearing  pressure 
per  lineal  inch  of  knife  edge  has  an   imjiortant  bearing  on 
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tlie  enduring  aecuraey  of  tlif  luechanism  in  scales  subjected 
to  heavy  loads  in  motion.  A  load  of  5000  lb.  per  lineal 
inch  will  be  found  sutliciently  high.  The  material  almost 
universally  used  for  knife  edges  and  bearings  of  large  scales 
is  steel.  Tlie  contact  surfaces  should  be  extremely  hard 
while  the  remainder  of  the  structure  should  retain  tough- 
ness and  ductility. 

In  designing  levers  for  scales  wliich  are  subjected  to 
severe  shocks  due  to  the  effect  of  moving  loads,  an  allow- 
ance of  100  per  cent  for  impact  should  be  made.  It  is  poor 
practice  to  stress  the  material  up  to  the  elastic  limit,  for 
when  this  is  done,  undue  deflection  is  introduced  and  this 
will  )irobably  cause  inaccuracies  when  the  scale  is  loaded 
to  full  cajiacity.  Before  construction  work  is  started,  cal- 
culations should  always  be  made  to  determine  dellection.  In 
levers  for  heavy  scales  it  is  desirable  to  have  the  pivots  ami 
knife  edges  reinforced  by  projections  cast  integral  with  the 
levers.  Where  the  are  of  movement  is  large,  it  is  desirable 
to  have  the  pivots  placed  on  the  neutral  axis  of  tiie  section 
to  insure  an  equal  distribution  of  mass  about  the  jjivot  line. 
There  is  nothing  of  greater  importance  in  the  manufacture 
of  scales  than  the  sealing  of  the  levers  and  beam.  Levers  of 
large  cajiacity  should  be  sealed  with  test  weights  as  heavy 
as  it  is  practical  to  handle.  It  is  almost  impossible  to  de- 
tect slight  discrepancies  with  light  test  weights.  The  notch- 
ing and  marking  of  the  beam  is  an  operation  of  precision 
and  it  is  almost  impossible  to  manufacture  a  machine  of 
sufficient  accuracy  to  do  the  work  without  its  finally  being- 
sealed  by  a  skilled  workman. 

In  testing  grain  hopper  scales  of  large  capacity,  such  as 
2000  bushels,  the  following  method  of  procedure  will  give 
good  results:  Sus])end  a  temporary  framework  from  the 
scale  platform  framing  and  place  2000  lb.  of  test  weights  on 
each  corner  successively,  testing  the  beam  after  each  corner 
has  been  loaded.  When  the  loading  of  the  last  corner  has 
been  completed,  a  load  of  8000  lb.  of  test  weiglits  will  be 
placed  upon  the  scale.  Then  run  grain  into  the  hopper 
mitil  the  full  capacity  has  been  reached.  Rebalance  the 
scale  and  remo\e  the  weights  from  each  corner  separately, 
checking  each  corner  respectively  as  it  is  unloaded.  Grain 
hopper  scales  work  under  almost  ideal  conditions  since  the 
loads  are  gradually  and  steadily  applied  and  removed. 

What  is  probably  the  largest  and  heaviest  track  scale  in 
the  world  has  been  recently  ("oustructed  for  the  Norfolk  and 
Western  Railroad.  This  scale  is  G8  ft.  long  and  made  in 
four  sections.  5  ft.  6  in.  protective  overlap  is  used  at  each 
end  giving  a  57-ft.  weighing  rail.  The  main  lever  stands 
are  placed  directly  upon  concrete  foundation  and  all  pock- 
eting of  piers  is  elimhiated.  The  scale  is  built  on  0.75  per 
cent  grade  obtained  by  tlie  use  of  grade  blocks  placed  under 
the  main  girders,  the  latter  being  designed  as  a  box  chord, 
and  made  in  three  sections  so  as  to  eliminate  the  objection- 
able upward  reaction  of  the  extreme  ends.  The  main  levers 
are  cast  steel  with  the  load  and  fulcrum  pivots  15  in.  long 
and  with  the  tip  pivots  7  in.  long.  The  multiplication  of  the 
lever  system  is  24  at  the  tip  of  the  extension  lever,  200  at 
the  tip  of  the  fifth  lever  and  a  multiple  of  400  at  the  butt 
of  the  weighing  beam.  The  main  bearings  are  of  the 
suspension  type,  arranged  so  as  to  give  perfect  freedom 
and  also  retain  perfect  alignment  with  the  pivot  edges  at 
all  times  and  without  movement  of  the  lever  system.  The 
main  suspension  links,  the  cross-bars  and  rockers  are  of 
cast   steel.      Tlie    maximum   stress   allowed    in    the    members 


under  an  assumed  load  of  100  tons  is  0000  lb.  per  square 
uich  in  cast  steel,  2000  lb.  in  cast  iron,  8000  lb.  in  structural 
steel,  all  three  in  tension.  These  scales  have  been  designed 
for  weighing  in  motion  some  especially  heavy  coal  cars  which 
have  recently  been  designed  by  the  Norfolk  and  Western 
Railroad. 

OHIO    SOCIETY    OF    MECHANICAL,     ELECTRICAL     AND 
STEAM  ENGINEERS 

Jounutl,  vol.  6,  no.  2,  1914.     Columbus,  0. 
The    Taylor    Stoker   Operating   under   Avei-age    Conditions, 

Horace  Judd  (abstracted) 
Steam   Boilers,   Their   Construction   and    Inspection,   H.   A. 

Baumliart 
(Centrifugal  Boiler  Feed  Pum]is,  Edward  S.  Adams 
Uniflow  Steam  Engine,  James  H.  Debes 

The  Taylor  Stokki!  Oi-kr-^tinc;  uxdp:r  Averaoe  Condi- 
TION.S,  Horace  Judd  (pajier  no.  192,  23  pp.,  6  figs.  eA). 
Such  stoker  trials  as  iiave  been  reported  have  for  the  most 
part  been  conducted  under  favorable  conditions  with  boil- 
ers and  furnaces  often  of  unusually  large  size  and  operated 
under  expert  guidance.  There  has  frequently  been  a  query 
among  power  plant  men,  however,  as  to  whether  the  stoker 
in  units  of  moderate  size  and  tended  by  the  average  fireman 
would  give  the  same  favorable  showing.  The  author  (assist- 
ant professor  of  experimental  engineering  in  the  Ohio  State 
University)  during  the  past  year  has  had  an  opportunity  to 
make  a  series  of  evaporative  tests  with  ordinary  attendance 
at  the  boilers,  and  the  boiler  equipment  working  under 
usual  commercial  conditions.  Six  of  the  boiler  trials  were 
conducted  in  Marcli  1913  on  a  250  h.p.  Babcock  &  Wilcox 
boiler  of  the  cross  drum  type,  forming  the  boiler  ecjuipment 
at  the  Troy  Laundering  Company,  Columbus,  Ohio,  and 
three  trials  were  made  on  a  300  h.p.  Flanner  boiler  of  the 
same  type  at  the  Power  Plant  of  the  Ohio  State  University, 
Columbus,  Ohio.  The  boilers  at  both  places  were  equipped 
with  three  retort  Taylor  stokers.  The  coals  in  the  trials 
at  the  laundry  were  soft  coal  from  West  Virginia,  Hock- 
ing and  Pittsburg.  Tlie  line  gases  were  passed  to  a  Greene 
fuel  economizer  of  the  usual  manifold  construction  but  of 
unusually  large  size  to  give  a  large  storage  capacity  of  hot 
water  for  laundry  use.  At  the  laundry  10  hours  is  the 
average  length  of  time  during  which  the  steam  supply  is 
needed  and  this  was  taken  as  the  duration  of  the  trial  with 
readings  every  fifteen  minutes  and  flue  gas  analyzed  every 
lialf  hour  from  a  continual  drawn  sample.  The  i-esults  ob- 
tained from  the  trials  of  the  laundry  indicate  on  the  whole 
a  satisfactory  performance  for  a  boiler  equipment  of  the 
smaller  size  unit  when  operated  under  overload  conditions 
with  the  ordinary  care  of  the  average  fireman.  The  stoker 
is  easily  and  rajiidly  cleaned  if  the  clinkers  are  not  allowed 
to  collect  to  such  an  extent  as  to  prevent  the  proper  and 
ultimate  mixtures  of  air  with  the  fuel.  The  ease  with  which 
the  dumping  process  is  managed  depends  largely  upon  the 
clinkering  properties  of  the  coal.  For  dump  periods  rang- 
ing from  two  to  three  hours,  the  percentage  of  unburned  coal 
passing  into  the  ash-pit  averaged  4.36  per  cent  in  seven 
trials.  With  one  hour  dump  periods,  the  average  unburned 
coal  loss  was  9  per  cent,  showing  that  the  unburned  coal 
loss  varied  about  inversely  as  the  length  of  the  dump  in- 
terval. It  appears  that  sulphur  gave  the  most  trouble  from 
clinkering  and  in  addition  sometimes  produced  very  unpleas- 
ant fumes.    The  coal  feed  is  uniform  and  positive  and  under 
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control  tliroutrli  tlie  speed  regulator  on  the  fan  engine.  For 
the  different  kinds  of  coal  used,  the  average  rates  of  eombus- 
tion  are  given  in  Table  3.  Close  air  regulation  is  also  pos- 
sible. During  the  tests  at  the  laundry,  owing  to  the  e.x- 
tremely  variable  load,  the  draft  over  the  fire  showed  a  wide 
instantaneous  variation  ranging  from  a  ])ressure  slightly 
above  /^ei'o  to  as  nnicli  as  0.0.5  suction,  tiiough  the  average  re- 
suits  were  fairly  unitorin.  The  smoke  observations  were 
taken  witii  a  Ringelniann  smoke  chart  at  tiio  heaviest  load 
period  during  cacli  day's  run  and  showed  about  the  same 
degree  of  density  lor  each  day.  The  overload  capacity  and 
efficiency  is  shown  in  'I'ablc  4  which  contains  the  average 
results  for  the  coniliined  bdiler,  furnace  and  grate  efficiencies 
at  overload  capacities  for  the  nine  trials.  The  trials  show- 
ing the  lowest  efficiencies  were  those  wlien  Pittsburg  No.  8 
coal  was  used.  This  coal  gave  the  most  trouble  in  clinkering 
and  also  s<'ciiicd  (o  be  a  higher  coking  coal  than  the  other 


two  kinds  used.  The  extreme  fluctuation  in  the  load  of  the 
laundry  made  it  dilficult  to  regulate  the  thickness  of  the  fire 
and  this  fact  emphasizes  the  need  of  maintaining  a  boiler 
test  for  at  least  ten  hours  unless  tlie  load  should  remain 
fairly  uniform.  These  results  do  not  give  the  high  efficien- 
cies obtained  in  trials  where  the  load  is  carefully  regulated, 
fine  gas  conditions  watched  and  the  combustion  adjusted 
so  as  to  reduce  the  furnace  losses  to  a  minimum.  But  even 
in  tliese  tests  made  as  far  as  possible  under  average  operat- 
ing conditions,  it  appears  that  a  fairly  high  overall  elficiency 
for  the  Taylor  type  of  stoker  is  within  reach  of  the  average 
fireman.  The  factors  chiefly  controlling  the  efficiency  of  a 
Taylor  stoker  at  overload  capacity  appear  to  be:  the  size  of 
unit,  per  cent  of  overload,  character  of  coal,  the  use  of  in- 
dicating boiler  room  apjdiances,  and  the  intelligence  of  the 
fireman,  the  latter  l)eing  without  doubt  the  factor  of  most 
ini|iortnnce. 


TABLE   3      .WEK.VC.E    R.\TEt<    OF   COMBUSTION    FOR    DIFFERENT 

CO.\LS 


TABLE  4     OVERLOAD  CAPACITY  AND  EFFICIENCY 


Lb.  per 

Rev.  of 

Coal  per  hr. 

Coal  per 

Trial 

Kind   of   Cojil 

retort 

stoker 

per  sq.  ft. 

hr.  per 

No. 

per  rev. 

per  hr. 

grate 

boiler  h.p. 

1 

W.  Va.  Splint 

15  0 

36,0 

39  3 

3.78 

2 

W.  Va.  Splint 

10.1 

32  8 

38.4 

3,72 

3 

Hocking 

14  8 

36  3 

39  0 

4  31 

4 

Hocking 

1.-)  S 

41,0 

47  5 

4,73 

.■■i 

I'itts.  No.  S 

l.'j  9 

38.4 

44   5 

4    19 

B 

Pitts.  No.  8 

15,9 

3B  8 

42,8 

4   21 

7 

W.  Va..  Fairmont 

Region 

15  S 

38  5 

35  fi 

4  00 

8 

W.  Va.,  Fairmont 

Region 

Hi  B 

41.7 

46  () 

3,96 

9 

W.  Va..  Thacker 

Coal  FMs..  wash. 

17  3 

51  8 

56  2 

4,36 

Equiv. 

Equiv. 

Efficiency 

Coal  per 

Per 

Evap. 

Evap. 

boiler, 

hr.  per 

B.t.u. 

Trial 

Cent 

per  lb. 

per  lb. 

grate 

boiler 

actual 

No. 

Rating 

actual 
coal 

comb, 
burned 

and 
furnace 

h.p. 

coal 

Radia- 
tion, 
etc. 


- 

126 

8,49 

10,75 

07.0 

4.06 

12184 

12,78 

3 

149 

S  03 

10,97 

69,9 

4  31 

11164 

5  65 

4 

165 

7  31 

10,17 

B7.1 

4   73 

10570 

8.39 

B 

lfi7 

8  24 

10,09 

63.5 

4,21 

12582 

12  93 

2 

171 

9  2B 

11  86 

72  5 

3,72 

12375 

1.25 

1 

172 

9  15 

11,02 

69.9 

3,78 

12697 

7.19 

5 

176 

8  25 

10  17 

66  3 

4   19 

12067 

9.75 

S 

167 

S  71 

65  8 

3  96 

12830 

12,48 

9 

186 

7,96 

10,11 

59,0 

4.34 

13120 

15.82 

av.4.15 

SOCIETY     AND     LIBRARY     AFFAIRS 


LI 


PERSONAL  NOTES 

Nicholas  S.  Hill,  Jr.,  consulting  engineer  of  New  York, 
sails  for  Europe  on  July  7  for  the  purpose  of  making  an 
investigation  and  study  of  the  German  and  English  water 
and  sewage  plants.  He  will  return  to  this  country  about 
September  1. 

Jay  G.  Coutant,  formerly  engineer  of  plant  of  the  Lima 
Locomotive  Corporation,  Lima,  Ohio,  who  has  specialized 
in  the  burning  of  powder  fuel  and  water  gas,  has  taken  up 
the  same  work  for  the  Railway  Materials  Company,  Chicago, 
111. 

A.  A.  Potter,  for  several  years  professor  of  steam  and 
gas  engineering  at  the  Kansas  State  Agricultural  College, 
was  made  dean  of  the  engineering  division  and  director  of 
the  engineering  experiment  station  of  the  same  institution. 
Mr.  Potter  will  still  retain  the  professorship  in  steam  and 
gas  engineering. 

Daniel  Webster  Mead,  professor  of  engineering  in  the 
University  of  Wisconsin,  Madison,  Wis.,  has  been  appointed 
a  member  of  a  Board  of  Engineers  for  the  prevention  of 
floods  in  Eastern  China  through  a  .$20,000,000  lerlamation 
project. 

Alexander  G.  Christie,  associate  professor  of  steam  engi- 
neering, University  of  Wisconsin,  has  been  appointed  asso- 
ciate professor  of  mechanical  engineering  in  the  College  of 
Engineering  which  .Johns  Hojikins  LTniversity  is  now  organ- 
izing and  building. 

Harry  L.  Brunger  lias  become  at'liliated  witli  (he  Aultman- 
Taylor  Machinery  Company,  JIansfleld,  Ohio.  He  was  until 
recently  in  the  employ  of  M.  Rumely  Company,  La  Porte, 
Ind.,  in  the  capacity  of  chief  draftsman. 

Theodore  A.  Leisen  has  been  appointed  general  superin- 
tendent of  the  Board  of  Water  Commissioners  of  Detroit, 
Mich.  He  was  formerly  associated  with  the  Louisville  Water 
Company,  Louisville,  Ky..  as  chief  engineer  and  superin- 
tendent. 

Arthur  M.  Crane,  lale  sales  manager  of  tlie  Permutit 
Company,  New  York,  has  returned  to  the  New  York  Conti- 
nental Jewell  Filtration  Company,  New  Y'ork,  and  will  have 
charge  of  tlit   pressure  filter  business. 

Arthur  .1.  Beerbaum  has  accepted  a  position  witli  the 
Western  Electric  Company,  Chicago,  111.,  in  the  plant  engi- 
neering dejiartment.  He  was  formerly  associated  with  The 
Arnold  Company  of  the  same  city,  in  the  capacity  of  ilrafts- 
man. 

William  Floyd  Lee,  chief  engineer  of  C.  W.  Hunt  Com- 
pany, Inc..  AVest  New  Brighton,  S.  I..  N.  Y.,  at  a  recent 
meeting  of  the  Board  of  Directors,  was  elected  vice-president 
and  chief  engineer  of  the  company. 

Frederic  E.  Pierce  has  terminated  his  connection  with  The 
New  Jersey  Zinc  Company,  New  York,  in  whose  employ  he 
has  served  for  o\"er  15  years  in  various  capacities,  for  the 
latter  part  as  chief  engineer,  and  has  opened  an  office  to 
engage  in  consulting  work  in  civil  and  metallurgical  engi- 
neering. 

R.  H.  Danforth,  who  has  been  for  the  past  six  years  con- 
nected with  the  U.  S.  Naval  Engineering  Experiment  Sta- 
tion and  the  Post  Graduate  Department  of  Engineering  of 
the  U.  S.  Naval  Academy,  Annajiolis,  Md.,  has  been  aji- 
pointed  professor  of  mechanics  and  hydraulics  at  Case 
School  of  Ajjplied  Science,  Cleveland,  Ohio. 


STUDENT  BRANCHES 


KANSAS    STATF;    A(iBICULTURAL    COLLEGE 

On  May  18,  Leland  C.  Ange\-ine,  chairman  of  the  Student 
Branch  at  tlie  Uni\  ersity  of  Kansas,  gave  a  talk  on  the  work 
of  his  Student  Branch,  telling  of  its  success  and  general 
plan. 

Chief  Engineer  Polling  gave  an  illustrated  lecture  on  the 
Metropolitan    Power    Company    of    Kansas    City,    Mo.,    ex- 


plaining in  detail  tlie  operation  of  tlie  units  of  power  pro- 
duction and  the  method  of  handling  the  coiidensors. 

R.  J.  Taylor,  senior  student,  gave  a  discussion  of  the  Kan- 
sas City,  Mo.,  AVater  Supply,  explaining  the  treatment  of 
the  water  to  remove  the  impurities  and  render  it  tit  for  use. 

LEHIGH    UNIVEIiSITV 

On  May  19,  Lehigh  University  Student  Branch  elected 
I  he  following  officers:  A.  V.  Bodine,  president;  E.  P.  Hum- 
|direy,  bursar;  H.  A,  Brown,  secretary;  P.  G.  Do  Huff, 
librarian. 

OHIO    STATE    UNIVERSITY 

On  May  2S,  tlie  Ohio  State  Student  Branch  held  a  fare- 
well bancpiet  in  honor  of  the  Senior  Students  in  mechanical 
engineering.  The  following  officers  for  the  ensuing  term 
were  elected:  R.  D.  Rogers,  chairman;  C.  L.  Brown,  vice- 
chairman;  W.  W.  Watson,  secretary;  K.  W.  Stinson,  treas- 
urer: R.  M.  Mathews,  sergeant-at-arnis. 

PENNSYLVANIA    STATE    COLLEGE 

At  a  meeting  of  the  Student  Branch  of  Pennsylvania  State 
College,  the  followmg  officers  were  elected  for  the  first 
semester  of  the  next  college  year :  C.  F.  Kennedy,  president ; 
V.  D.  Longo,  vice-president;  W.  A.  Blume,  treasurer;  D.  E. 
Hewitt,  secretary.  Reports  were  made  by  the  chairmen  of 
the  various  standing  committees  and  by  the  treasurer. 

Mr.  Meyers,  a  graduate  of  Stevens  Institute  of  Technology, 
spoke  briefly  on  the  manufacture  of  iron  and  steel. 

UNIVERSITY    OF    CINCINNATI 

The  annual  election  of  officers  of  the  Student  Branch  of 
the  ITniversity  of  Cincinnati  was  held  in  conjunction  with  a 
smoker  on  May  16.  The  following  officers  were  chosen: 
J.  Dollman,  president;  R.  Rickwood,  vice-president;  A.  J. 
La n ghammer,   secretary-trea su rer. 

Prof.  John  T.  Faig,  the  honorary  chairman  of  the  Branch, 
gave  an  address  on  Utilization  of  (joal.  He  discussed  the 
present  methods  of  using  the  "black  diamond,"  the  subse- 
quent nuisances  occasioned  thereby  and  remedial  measures. 
Special  emphasis  was  placed  upon  the  efficient  utilization  of 
coal  by  tlie  by-product  coke  ovens  and  upon  the  possibilities 
in  this  field. 

UNIVERSITY    OF    MICHIGAN 

At  a  meeting  of  the  University  of  Michigan  Branch  on 
A])ril  23,  the  following  officers  were  elected  to  serve  until 
January  1915:  R.  H."  MUls,  chaii-man;  C.  H.  McClellan, 
recording  secretary  and  treasurer;  J.  R.  Allen,  honorary 
chairman. 

On  May  18,  J.  R.  McCoU  gave  his  paper  on  Tests  of 
Vacuum  Cleaners.  Mr.  McColl  completed  his  talk  with 
a  demonstration  in  which  he  showed  his  method  of  measur- 
ing air  pressures  in  vacuum  systems  and  the  effect  of  dif- 
ferent sized  orifices  upon  these  pressures. 

UNIVERSITY    OF    MINNESOTA 

The  regular  meeting  of  the  Minnesota  Student  Branch  was 
held  May  7.  .John  Peoples  ]iresented  a  paper  on  the  Effi- 
ciency of  Rope  Driving,  which  was  followed  by  a  discus- 
sion. 

A.  L.  Bneiiger  who  represented  the  Student  Branch  at  a 
meeting  of  the  Executive  Committee  of  the  St.  Paul-Minne- 
apolis Section  gave  a  report  of  the  meeting. 

On  May  27,  a  special  meeting  wa.s  held  at  which  Max 
Toltz  of  the  St.  Paul-Minneapolis  Section  addressed  the 
Student  Branch  in  regard  to  being  present  at  the  Spring 
Meeting  of  the  Society. 

UNIVERSITY    OF    JUSSOURI 

The  Student  Branch  of  the  LTniversity  of  Missouri  held  a 
joint  meeting  with  the  Electrical  Engineering  Society  on 
May  4.  Professor  Hubbard  gave  an  illustrated  talk  on  the 
Engineering  Societies  Building  in  New  York. 

At  a  meeting  on  May  18,  F.  H.  Heileman  gave  a  talk  on 
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heat  treafod  steel,  the  benefits  derived  fioni  heat  treatments 
and  the  dil'ferenee  between  the  strength  oi'  lieat  treated  and 
alloy  steels. 

UXIVERSITY     OF     NEBI{.\SKA 

Engineers  week  was  held  during  May  4-9  at  the  Univer- 
sity of  Nebraska.  The  events  included  an  address  by  II. 
W.  Stannard,  on  Scientific  Shop  Management,  and  a  smoker 
at  wliic-h  250  students  were  present.  All  classes  were  sus- 
pended on  Friday  and  in  the  evening  all  the  engineering 
laboratories  were  open  to  visitors,  about  2000  of  whom  in- 
spected the  equipment.     The  meclianical  engineering  labora- 


tories were  the  center  of  attraction,  and  about  500  souvenirs 
cast  from  aluminum  in  the  foundry  were  given  away  to  the 
guests.  A  photograph  of  these  souvenirs  is  given  herewith. 
The  concluding  event  of  the  week  was  a  banquet  on  Saturday 
evening,  at  which  350  were  present,  Bion  J.  Arnold  acting 
as  toastmaster.  The  speakers  included  Gov.  T.  H.  More- 
head  ;  E.  J.  Robinson,  engineer  of  valuations  of  C.  B.  &  Q. 
R.  R.;  W.  J.  Provaznik,  city  engineer's  office,  Omaha; 
George  H.  Tinker,  bridge  engineer  for  N.  Y.  C.  &  St.  L. 
R.  R.;  B.  C.  Yates,  asst.  chief  engineer,  Homestake  Mining 
Co.;  H.  E.  Reagan,  president  U.  S.  Equipment  Co.,  Chicago; 
and  Lieut.  Col.  Herbert  Deakyne,  Engineering  Corps  U.  S.  A. 

On  May  19,  at  a  meeting  of  the  Student  Branch,  the  fol- 
lowing ofiicers  were  elected :  B.  F.  Merriam,  chairman ;  L. 
L.  Westling,  secretary;  D.  W.  Watkins,  treasurer;  and  H. 
S.  McNabb,  publicity  man. 

A  special  meeting  of  the  Branch  was  held  May  21,  to 
which  the  Engineers'  Club  of  Lincoln  was  invited.  B.  F. 
Hart  of  the  National  Tube  Co.  of  Chicago  gave  a  lecture 
on  the  manufacture  of  steel  tubing  illustrated  by  slides  and 
three  reels  of  motion  pictures.  The  pictures  showed  the 
processes  of  manufacture  from  the  mine  where  the  ore  was 
obtained  to  where  the  pipe  was  being  shipped.  After  the 
lecture,  the  meeting  was  open  for  discussion. 

EMPLOYMENT  BULLETIN 

Thp  Society  considers  it  a  spccinl  obligation  and  pleasant  duty  to 
W  tlip  nii'dinm  of  sccnrinc:  positions  for  members.  Tlie  Secretary 
j;ives  tills  his  person.nl  att.'nlion  and  is  pleased  to  receive  requests 
botb  for  positions  and  for  men.  The  published  list  of  "  men  avail- 
able "  is  made  up  from  members  of  the  Society.  Notices  are  not 
I'epeated  except  upon  special  request.  Names  and"  records  are  kept  on 
the  ofTiee  list  three  months,  and  it  desired  must  he  renewed  at  the 
end  of  such  period.  Copy  for  the  Bulletin  must  be  In  hand  before 
the  12tb  "f  the  month. 

rosrnoNS  .\v.ui..\ni,E 

523  Salesman  for  offset  printing  presses. 

524  Salesman  who  has  been  a  success  wanted  by  Penn- 
sylvania concern;  prefer  a  man  who  has  had  experience  in 
sale  of  boilers  or  stokers  or  large  power  plant  apparatus. 

526  General  Manager  who  will  be  willing  to  invest  ten 
to  twenty  thousand  dollars  and  thoroughly  in  sympathy 
with  modern  manufacturing  methods,  wanted  for  concern 
manufactni'ing  niacliinerv  of  every  profitable  nature.  Name 
conliilciilinl.      Apply  by   letter. 


(iOl  Com]iany  in  Middle  West  have  opening  in  experi- 
mental mechanical  department  for  a  responsible  man  ex- 
jjerienced  in  machine  design,  capable  of  supervising  the 
work  of  draftsmen,  following  it  through  the  shop  and  de- 
veloping into  practical  operation. 

604  A  large  company  desires  the  services  of  a  mechan- 
ical engineer  who  is  thoroughly  familiar  with  and  capable 
of  passing  on  locomotive  and  car  design;  preferably  one 
who  has  been  connected  with  a  railroad  and  has  had  prac- 
tical as  well  as  theoretical  experience.  Salary  .$300  to  $350. 
Apply  through  Society. 

605  Shop  superintendent  who  is  familiar  with  modern 
shop  practice  and  up-to-date  manufacturing  methods,  for 
factory  located  in  the  east  and  manufacturing  light  mechan- 
ical and  electrical  devices.  State  experience,  references  and 
salary  expected. 

609  Chief  engineer  to  take  charge  of  power  plant  con- 
sisting of  a  steam  and  electrical  plant.  Location,  Penn- 
sylvania. 

610  College  graduate,  preferably  one  who  has  been  out 
I  wo  or  three  years  and  acquired  a  little  business  experience 
or  acquaintance  with  business  methods,  would  be  employed 
principally  in  demonstrating  and  selling  mine  rescue  appa- 
ratus, various  styles  of  reviving  apparatus  employing  arti- 
ficial respiration  and  kindred  devices;  will  be  expected  to 
make  occasional  trips  to  the  various  coal  fields,  but  would 
be  located  at  New  York  office  the  greater  part  of  the  time. 
Man  who  has  studied  elementary  chemistry  and  who  is 
something  of  a  mechanic. 

611  Salesman  for  Eastern  states,  for  thermo-dynamie 
a])paratus  as  feed  water  heaters,  oil  and  air  coolers,  and  air 
heaters;  also  for  condenser  line.  Location  probably  in 
Boston. 

612  Instructorship  in  mechanical  engineering  depart- 
ment of  university  in  Pennsylvania;  prefer  man  with  at 
least  one  year's  outside  experience.     Salary  $900  to  $1000. 

613  '  Vacancy  in  the  mechanical  laboratoi-y  division  of 
university  in  Pennsylvania;  salary  $1400  to  $1500.  Appli- 
cant should  have  had  both  outside  and  teaching  experience. 

614  Wanted,  mechanical  engineer  thoroughly  familiar 
with  shop  practice,  resourceful  in  design  and  manufacture, 
familiar  with  the  fundamental  principles  of  scientific  man- 
agement, capable  of  taking  charge  of  a  small  factor^'  of 
fifteen  men  manufacturing  mathematical  instruments:  would 
be  expected  to  start  as  draftsman  until  familiar  with  the 
work;  only  those  of  good  managing  ability  and  push  need 
answer.  Give  full  particulars  and  references.  State  salary 
required  to  start.     Location,  Pennsylvania. 

017  General  manager  for  sawmill  and  timber  company 
in  North  Carolina;  does  not  need  to  be  an  engineer  but  capa- 
ble of  handling  large  enterprise.  Large  tract  of  timber  is 
owned  and  50,000  feet  or  more  of  timber  handled  daily. 
Apply  by  letter. 

620  Successful  company  manufacturing  light  machinery 
desires  to  add  one  or  more  new  products  and  will  take  over 
the  manufacture  and  sale  of  any  device  that  has  proven  its 
merit  and  for  which  there  is  a  wide  market.  Name  confi- 
dential.   Apply  by  letter. 

621  Contractor  wanted  to  saw  out  lumber  from  large 
tract  in  North  Carolina.  Sales  wiU  be  arranged.  Apply  by 
letter. 

JIEN    AVAILABLE 

G-700  Member,  thoroughly  familiar  with  the  design  of 
gas  producers,  gas  engines  from  50  h.p.  to  .SOO  h.p.  and 
Corliss  engines  for  all  purposes,  such  as  pumping,  blowing 
and  hoisting  engines,  air  compressors  and  power  plants,  de- 
sires position  as  mechanical  entrineer  or  assistant  mechanical 
ensrineer. 
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G-701  Student  member,  technical  graduate  with  gas  en- 
gine experience,  desire;?  position  in  some  gas  engine  line 
where  advancement  may  be  obtained.  At  present  in  charge 
of  care,  maintenance  and  operation  of  various  gasolene  en- 
gines on  large  construction  job.  Would  start  at  .flOO  per 
month. 

Ct-702  Member  located  in  Norway  desires  to  act  as  rep- 
resentative of  American   firms. 

G-703  Mechanical  engineer,  technical  graduate,  S.B.  and 
M.M.E.,  with  practical  training  and  e.xecutive  experience  as 
superintendent  with  large  corporations  in  steel  and  auto- 
mobile business,  owing  to  acute  depression  of  motor  truck 
industry,  desires  position  as  superintendent  or  manager  of 
a  plant  manufacturing  a  good  line  of  mechanical  product. 
Location  immaterial. 

G-704  Member,  technical  graduate,  with  13  years  suc- 
cessful teaching  experience,  will  be  open  for  position  in 
September  as  instructor  of  mechanical  drawing  and  ma- 
chine design  and  related  subjects,  or  as  superintendent  of 
shops  in  an  engineering  college  or  univereity.  Would  also 
consider  position  as  director  or  head  of  department  of  a 
vocational  or  trades  school.  Can  handle  several  lines  of 
shop  work  in  both  wood  and  metal. 

G-705  Member,  age  33,  technical  graduate,  exiterienced 
as  chief  di'aftsman  and  as  manager  of  engineering  and  draft- 
ing departments  in  manufacturing  lines  desires  similar  posi- 
tion, or  position  as  mechanical  engineer,  or  assistant  to 
superintendent  or  manager. 

G-706  Pennsylvania  State  College  graduate,  degrees  B.S. 
and  M.E.,  age  31,  married,  with  four  years  shop  experience 
and  five  years  varied  engineering  teaching  experience,  de- 
sires a  position  as  instnictor  in  tJhe  mechanical  engineering 
department  of  a  college.    At  present  teaching. 

G-707  Member,  ag'e  38,  ten  years  experience  in  charge  of 
shops  and  departments,  desires  position  as  superintendent 
or  foreman,  or  practical  machinist.  Competent  to  oi'ganize; 
thoroughly  familiar  with  all  modern  manufacturing  methods 
and  systems.     Location  immaterial. 

G-708  Mechanical  engineer  with  technical  education,  age 
30,  thorough  training  in  power  plant  and  locomotive  test- 
ing, desires  position  as  mechanical  engineer  with  large  in- 
dustrial corporation  to  take  charge  of  power  plants,  equip- 
ment, etc.  Past  four  years  connected  with  architect's  office 
as  mechanical  engineer  in  designing  power  plants,  heating, 
ventilating,  electrical  and  plumbing  installations  for  office 
buildings,  factories  and  large  schools. 

G-709  Member,  age  32,  at  present  designing  special  heavy 
machinery.  Has  had  varied  and  valuable  experience  in  same 
and  in  mill  construction;  original  and  practical  ideas  in  de- 
sign gained  by  ten  years  field  and  office  experience.  AVishes 
to  connect  with  company  desiring  ser\'ices  of  capable  engi- 
neer, supermtendent  of  erection  or  inspector.  Location 
secondary  consideration.     Minimum  salary  •$2100. 

G-710  Member,  age  33,  married,  at  present  employed  as 
inspector  of  mechanical  ec|uipment  in  addition  to  large  power 
station,  desires  position  as  assistant  superintendent  of  power 
in  large  generating  station,  or  with  large  engineering  firm 
designing  or  erecting  power  stations.  Has  had  six  years 
experience  designing  and  erecting  power  houses  for  indus- 
trial plants  and  railroads. 

G-711  Mechanical  engineer,  technical  graduate  with  15 
years  shop  and  mill  experience  desii-es  important  position 
as  plant  engineer,  or  would  consider  taking  an  interest  with 
services  in  small  manufacturing  enterprise  turning  out  me- 
chanical goods. 

G-712  Technically  trained  man  with  shop  experience  and 
an  extensive  record  at  designing  presses,  dies  and  other  sheet 
metal  tools,  special  automatic  machines,  and  machine  tools 
for  special  purposes,  desires  emplo\anent  along  these  lines. 


G-713  Member,  technical  graduate,  with  experience  m  ex- 
ecutix'e  work  of  large  corjiorations,  desires  position  as  works 
manager  or  superintendent.  Wide  training  and  experience 
in  the  items  which  are  required  of  a  corporation  engineer, 
such  as  the  design  of  power  plants  and  machinery,  their  con- 
struction, maintenance  and  operation,  purchasing  engineer- 
ing material,  taking  executive  charge  of  all  consulting  work 
including   building   construction    of   all   kinds. 

G-714  Technical  graduate,  37  years  of  age,  15  years  wide 
experience  in  teaching  manual  training,  mathematics,  draw- 
ing and  machine  design  and  meclianical  engineering  subjects, 
desires  a  position  with  broader  outlook.  Would  accept  posi- 
tion in  a  technical  high  school,  industrial  school  or  college 
as  director  or  head  of  department. 

G-715  M.  I.  T.  gi-aduate,  with  experience  on  instructing 
staft'  and  in  efficiency  engineering  and  scientific  management 
in  power,  manufacturing  and  auxiliary  departments,  desires 
furtlier  work  along  these  lines,  or  permanent  executive  posi- 
tion with  concern  desiring  energy  and  ability. 

G-716  Associate,  age  30,  railroad  and  valuation  experi- 
ence with  five  large  companies;  also  in  mechanical  and  elec- 
trical equipment  other  than  rolling  stock  and  structures. 
Competent  to  serve  with  construction  company,  or  as  works 
or  purchasing  engineer. 

G-717  Junior,  ten  years  practical  experience,  consulting 
mechanical  engineer  with  office  in  Philadelpliia,  wishes  to 
aiTange  with  a  company  in  that  vicinity  for  part  time. 

G-718  Graduate  M.E.,  executive,  desires  position  where 
wide  engineering  knowledge  will  be  of  value.  Has  served  as 
assistant  vice-president  and  secretary  of  well  known  manu- 
facturers of  machinery.  Duties  included  sales,  advertising, 
development  of  new  ideas  and  general  office  management. 

G-719  Member,  age  40,  mechanical  engineer,  going  to 
Europe  for  summer,  would  assume  duties  of  engineering  or 
commercial  nature  for  firms  desiring  representative;  wide 
experience  in  design,  manufacture  and  sales  of  mechanical 
and  electrical  equipments  of  power  and  industrial  plants, 
hoisting,  conveying  and  special  machinery,  motor  cars. 
Fluent  knowledge  of  German,  Swedish  and  Danish,  well 
acquainted  with  engineering  trade  conditions  and  market 
requirements  in  Northern  Europe.  Would  consider  perma- 
nent engagement  as  foreign  representative  for  reliable  con- 
cern. 

G-720  Mechanical  engineer,  with  ten  years  experience  as 
draftsman,  designer,  engineer  and  superintendent  in  marine 
engines,  hoisting  and  conveying  machinery,  cement  machinery 
and  plants,  general  manufacturing  and  repair  work. 

G-721  Junior,  age  31,  married,  foundry  assistant  super- 
intendent or  .engineer,  with  13  years  experience  in  shop, 
drawing  room  and  foundry,  last  four  years  specializing  in 
foundry  efficiency  work,  installation  and  operation  of  equip- 
ment. Designer  of  successful  molding  machinery,  pattern 
mounting  methods,  etc.;  understands  melting  and  mixing  of 
gray  iron,  malleable  and  crucible  steel.  Capable  executive, 
organizer  and  investigator. 

G-722  Stevens  graduate,  nine  years  practical  experience 
on  construction  and  electrical  work,  also  sales  experience; 
wide  acquaintance  among  engineei's,  architects  and  builders. 

G-723  Junior,  age  38,  sales  engineer,  experienced  in 
handling  high-grade  power  transmission  and  mechanical  spe- 
cialties, desires  to  represent  manufacturer;  eastern  United 
States  or  England  pi'eferred. 

G-724.  Junior,  graduate  mechanical  engineer,  age  26, 
with  three  years  sho))  and  drafting  room  experience  in  loco- 
motive construction,  desires  position  with  engineering  or 
manufacturing  company.     Location   immaterial. 

G-725  Member,  mechanical  engineer,  age  42,  married,  de- 
sires  position    in   which   good    future   can    be   expected :    14 
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yeai"s  experience  in  tliafting,  designing,  supervising  and  ex- 
ecutive positions,  power  plant  work,  heating,  ventilating, 
mill  engineering  and  factory. 

G-72t)  Alechanical  engineer,  J  4  years  experience  on  steam 
station  design  and  construction,  with  positions  as  chiet 
draftsman,  lesident  engineer  and  superintendent  of  construc- 
tion ;  latelj'  completed  the  installation  of  a  7500-kw.  turbine 
condensing  plant  in  Canada.  Location  immaterial  but  pre- 
fer to  connect  with  New  York  concern.  Can  invest  some 
money  if  desired. 

G-727  Junior,  age  2U,  experience  in  design,  construction 
and  operation  of  steam  engines,  boilers,  refrigerating  ma- 
chinery and  ]>ower  plant  accessories;  recently  employed  on 
hydraulic  dredging  machinery  and  ijumps. 

G-728  Mechanical  engineer,  age  38,  married,  14  years  ex- 
perience in  design,  construction  and  operation,  wishes  posi- 
tion with  cement  manufacturing  company,  recently  super- 
intendent of  a  30U0-bl)l.  plant;  salary  moderate. 

G-729  Graduate  University  of  Cincinnati,  age  24,  four 
years  experience  as  machinist,  foundry  experience,  and  one 
year  experience  in  power  plant  construction  and  design, 
would  consider  position  with  good  chance  for  advancement, 
or  as  instructor  in  engineering  or  technical  school.  Location 
immaterial. 

(.)-7;;U  ,luni(jr,  age  27,  married,  ethciency  expert,  gradu- 
ate mechanical  engineer,  unusual  experience  in  industrial 
organization  methods,  desires  better  opportunity.  At  pres- 
ent employed. 

G-731  Member,  technical  graduate,  at  present  and  for 
several  years  past  engaged  in  successful  practice  as  consult- 
ing engineer,  especially  experienced  in  power  requirements 
and  equipment  for  mining  and  contracting  operations,  would 
consider  regular  employment  with  substantial  concern ;  will- 
ing to  accept  smaller  prospective  compensation  in  return  for 
greater  regularity. 

G-732  Student  m'ember.  technical  graduate,  desires  posi- 
tion in  mechanical  engineering  line,  preferably  in  gas  engi- 
neering field ;  can  f ui'uish  best  references. 

G-733  Works  manager  or  superintendent,  age  'M,  gradu- 
ate mechanical  engineer  with  broad  experience  in  factory 
work;  have  been  esi>ecially  successful  in  designing  machin- 
ery for  interchangeable  manufacture  and  organizing  men 
to  get  best  results.  At  present  superintendent  of  factory  em- 
ploying SOU  men,  but  desires  change. 

G-734  Graduate  mechanical  engineer  with  18  years  ex- 
perience as  draftsman,  checker,  designer,  estimating  and 
selling  engineer  i'or  various  kinds  of  gridiron  and  Corliss 
engines,  crank  and  flywheel  pumping  engines,  air  compres- 
sors and  special  machinery,  desires  position  as  chief  drafts- 
man, selling  or  estimating  engineer  or  office  manager;  thor- 
ouglily  acquainted  with  modern  shop  methods'  of  manufac- 
ture. 

G-735  Associate-JIember,  mechanical  engineer,  age  29, 
nine  years  exjjcrience  gas  engine  design,  four  years  gas  trac- 
tion engine  development,  extensive  carburetor  design,  de- 
sires position  as  designing  engineer  or  superintendent  of  ex- 
periments; can  develop  comidete  motor  for  use  of  kerosene 
or  other  low-grade  fuel. 

G-736  Associate-Member  four  years  practical  shoj)  and 
ofTiee  cxiierienco  in  all  departments  of  well  known  company, 
desires  to  locate  jiermanently  with  a  first  class  concern  as 
sales  manager  or  faclory  superintendent. 

G-737  Connnercia!  engineer,  M.K.  1904,  Associate-Mem- 
ber, knowk'dge  of  live  languages,  invites  correspondence  for 
position  wlierc  tact  with  engineering  skill  will  be  apjire- 
ciated. 

G-738  Knergetic  young  man,  age  21,  graduate  M.E.  1914, 
unmarried,  desires  to  enter  ct)mmercial  lield  with  manufac- 
turing concern;  have  had  some  business  ex])erience;  location 
immaterial. 
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Acetylene  Jocrxal.     1-13,  1899-1912. 

acetvlen  in   wissenscuaft  und  industrie.     1-12,  1898- 

1909. 

Acetylene.    1-5,  1903-1908. 

Aeronautical  Journal.    1-12,  1897-1908. 

Allgejieine  Automobil  Zeitung.     1-9,  1900-1908  (Berlin). 

Allgemeine  Bauzeitung.    1-date,  1836-date. 

American  Lcjiberman.    1-date,  1899-date. 

Annalen  der  Chemie  (Liebig's).    1-304,  1832-1909. 

Annales  des  Mines  Belgique.    1-8,  1896-1903. 

Annales  des  Fonts  et  Chaussee.    Memoires  et  documents. 

Ser.  1-5;  Ser.  6,  vols.  1-16,  19-end  of  ser. ;  Ser.  7;  Ser.  8, 

vols.  1-30,  36. 
Lois  decrets,  etc.    Ser.  1-5 ;  Ser.  6,  vols.  1-8,  10-end  of 

sei-. ;  Ser.  7 ;  Ser.  8,  vols.  1-7,  8  pt.  1. 

Personnel.     All  before  1889,  and  any  issued  to  date. 


Annales  des  Travaus  Publics  de  Belgique.    1-date,  1843- 

date. 
Archiv  fur  Eisenbahnwesen.    1-30,  1878-1907. 
Autogene  Metallbearbeitdng.     1-date,  1908-date. 
Berg  uxd  IIuttenmannische  Zeitung.    Vols.  1-21;  44,  no. 

30;  49,  no.  14,  45,  51;  50,  nos.  8,  47;  51,  no.  19;  52,  nos. 

39,'  41 ;  42,  44-52 ;  54.  nos.  2,  3,  4,  25,  26,  29,  30,  32 ;  55, 

no.  10. 
Beton  UND  EiSEN.    1-2,  1902-1903. 
Braunkohle.     1-7,  1902-1908. 
Brick.     1-42,  1894-1913. 
Cejeent  and  Engineering  News.    1-21,  22,  no.  2, 1896-1909, 

1910.     • 
Centralblatt  der  Bauyerwaltung.     1-33,  1881-1913. 
Chemical  Engineer.     1-4,  1904-1906. 
Chemical  Society  of  London.    Journal.    1-26,  1849-1873. 
Chemiker  Zeitung.     1-10,  12,  1877-1886,  1888. 
Chemische  Industrie.    1-date,  1878-date. 
Chemisches  Centralblatt.     1-date.  1830-date. 
Ciment  (Paris).      1-date,  1896-date. 
Connecticut  Society  of  Civil  Engineers.     Papers.     1-25, 

27,  1894-1909. 
Contractor  (Cliicago).    1-date.  1898-date. 
Deutsche  chemische  Gesellschaft,  Befjchte.    1-6,  1868- 

1873. 
Eisen  Zeitung.     1-24,  1880-1903. 

Electrician.     Ser.  1,  vol.  10  to  end  of  series,  1886-1890. 
Elektrische  UND  !Maschinelle  Betriebe  (Leipzig).  1-date, 

1898-date. 
Elektrochemische  Zeitschrift.     1-8,  1894-1901. 
Elektrophysikalische  Rundschau.     1-3,  1910-1912. 
Elektrotechnische  Nachrichten.    1-date,  1905-date. 
Feuer  UND  Wasser.     1-date,  1894-date. 

FONDERIE  MODERNE.       1-4,  1908-1911. 

Gas  World.     1-58,  1884-1913. 

Gazetta  chimica  Italiana.    1-date,  1871-date. 

Geographical  Journal.     33-date,  1908-date. 

Geological  Magazine.    4  to  new  ser.  decade,  5,  vol.  5,  1867- 

1908. 
Geologisches  Zentralblatt.     1-11,  1898-1908. 
Gesundheits  Ingenieur.     1-31.  1878-1908. 
Gluckauf.     1-31;  36,  no.  27:  38,  nos.  2,  7.  1865-1902. 
GuMMi  Zeitung.     1-21,  1888-1906. 

Haeder's  Zeitschrift  fur  Ma.schinenbau.    1-20,  1893-1912. 
Helios.    1-date,  1895-date. 
Houille  Blanche.      I-IO,  1902-1911. 
Ingenieur  (The  Hague).     1-24,  1886-1902. 
Institute  of  Marine  Engineers.     1-20,  1889-1909. 
Institution  of  Engineers  and  Shipbuilders  in  Scotland. 

1,  8.  1857,  1865. 


SOCIETY     AND     LIBRARY     AFFAIRS 


LV 


Iron  Age.     1-23,  1855-1878. 

Jern  Kontortes  Annaler.     2,  4,  13,  16,  17,  19,  20.     New 

Ser.  1,  pts.  1-2;  3;  5-11;  12,  pt.  5-end  of  vol.;  14-15;  28. 

pts.  1-3,  6-end  of  vol.;  29,  pts.  1-2,  4-5;  30,  pt.  2;  31, 

pts.  2-5;  54,  pt.  1;  63,  pts.  3-4,  1818-1908. 
Bibang.    All  before  1828,  1829-1836,  1838-18(i7,  lS(i9- 

1899. 

Ki'Sfister.     1817-1890. 


Journal  fur  Gasbeleuchtuno.    1-51,  1858-1908. 
Journal  fur  Praktische  chemie.    1-date,  1828-date. 
Journal  of  Gas  Lighting.      1-22,  51-52,  56,  62-03,  93,  96, 

99-108,  1850-1909. 
KoNiNKLijK  Instituut  VON  Ingenieurs    (liasjue).     Tijd- 

sebrift.    1870-1903,  1906. 
Marine  Engineer  and  Naval  Architect.     1-25,  1879-1903. 
Metallrohren  Indu.strie.      1-date,  1907-date. 
Metallurgy  (Paris).    1-32,  37,  40,  1868-1909. 
Mining  and  Scientific  Press.     1-9,  11-19,  24-33,  1860-1876. 
Mining  Journal  (London).     1-47,  59,  1835,1877,  1889. 
Mittheilunges  aus  Justus  Perthes  Geographischer  An- 

STALT.    43-date,  1897-date. 
MOTORWAGEN  (Berlin).     1-13,  1898-1908. 
Municipal  Engineering.    3-21,  24-31,  1890-1901,  1903-1906. 
Nature  (Paris).    1-date,  1873-date. 
Neueste  Erfindungen  und  Erfahrungen.      1-date.  1874- 

date. 
Oesteereichische    Zeitschrift   fur   Berg   und    Hutten- 

wesen.    1-26,  1853-1878. 
Omnia.    1-7,  1906-1912. 
Petroleum.     1-3,  1905-1907. 
Petroleum  Review^,  London.     1-25,  1889-1911. 
Petroleum  World.     1-8,  1903-1910. 
Prometheus.    1-19,  1879-1908. 
Revista  tecnica  delle  Ferrovie  Italiana.     1-date,  1912- 

date. 
Revue  de  la  Soudure  Autogene.     1-date,  1909-date. 
Revue  Generale  des  Sciences  pure  et  Appliquee.     1-10, 

1890-1899. 
ScHiFFBAU.     1-9,  1899-1908. 
ScHWEizERiscHE  Bauzeitung.     1-56,  1874-1910. 
Societf.  Belge  des  Electricikns.     1-3,  5,  8-9,  11-20,  1884- 

1903. 
SociETE  Industrielle  de  Mulhouse.     1-71,  1828-1901. 
SoziAL  Technik.      1-6,  1902-1907. 
Speechsa.^l.      1-41,  1868-1908. 

Teknisk  Tidsskrift.     1-25,  1877-1901.      (Kopenbagen.) 
TELEFUNKENZEiTuyG.     1-date,  1911-date. 
ToNiNDUSTRiE  Zeitung.     1-31,  1877-1907. 
Verein  zur  Beforderung  DES  Gewerbefleisses.    Ycrband- 

lujigen.    1-88,  1822-1909. 
Water  and  Water  Engineering.     1-date,  1899-date. 
Zeitschrift  des  Verbandes  deutscher  Schiffsingenieure. 

1-date,  1911-date. 
Zeitschrift  fur  Architektur  u.  Ingenieurwt;sen  (Arebi- 

tekten  u.  Ing.  Verein  zu  Hannover).     1-48,  1855-1902. 
Zeitschrift  fur  Bauwesen.    1-date,  1851-date. 
Zeitschrift  fur  Beleuchtungswesbn.     1-7,  1895-1901. 
Zeitschrift    fur    Dampfkessel    und    Maschinenbetrieb. 

1-36,  1878-1913. 
Zeitschrift    fur    Elektrotechnik    und    Maschinenbau. 

1-5,  1898-1902. 
Zeitschrift   fijr   Heizung,   Luftung   und   Beleuchtung. 

1-12,  1896-1908. 
Zeitschrift  fur  Kleinbahnen.     1,  3-8.  1894.  1896-1901. 
Zeitschrift  fijr  komprimierte  und  flDssige  Gase.   1-date, 

1897-date. 
Zeitschrift  fOr  Physikalische  chemie.    1-date,  lS87-date. 
Zeitschrift  fur  Sauer  und  Stickstofpindustrie.     1-date. 

1908-date. 
Zeitschrift  fur  Transportwesen.     1-28,  1884-1907. 
Zeitschrift  fur  d.  Gesamte  Kalteindustrie.     1-15,  1894- 

1908. 
Zeitschrift  fur  das  ges.  Schiess  u.  Sprengstoffwesen. 

1-date,  1906-date. 
Zeitschrift  fur  d.  Gesamte  Turbinenwesen.     1-3,  1904- 

1906. 
Zement  i'Nd  Beton.    1-date,  1902-date. 
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This  list  includes  only  accessions  to  the  library  of  this  Society. 
Lists  of  accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  K. 
can  be  secured  on  request  from  Calvin  \V.  Uice,  Secretary  Am.  Soo. 
M.   E. 

Agricultural  and  Mechanical  College  of  Texas.  Pic- 
torial Number,  Marcb  1914.     Gift  of  tbe  college. 

As[erican  Labor  Legislation  Review  (Unemployment 
Number),     vol.  4,  no.  2,  May  1914.     New  York,  1914. 

Ajierican  Machinist  Gear  Book,  Clias.  H.  Logue.  New 
York,  1911. 

American  Wood  Preservers'  Associ.\tion.  Proceedings  of 
lOtb  Annual  Meeting,  1914.  Baltimore.  Gift  of  Asso- 
ciation. 

Asphalts,  their  Souri3es  and  Utilizations,  1914  road  edi- 
tion, T.  H.  Boorman.    New  York,  1914.    Gift  of  autbor. 

The  Autocar  Imperial  Year  Book  1914.    London,  1914. 

Automobile  Dictionary,  Sigmund  Krausz.     London,  1907. 

Automobile  Engineer  Year  Book  for  1914.   London,  1914. 

Aviation,  an  Introduction  to  the  Elements  op  Flight, 
A.  E.  Berriman.    London,  1913. 

Baumaterialienkunde.     vol.  7.     Stuttgart,  1902. 

Carnegie  Foundation  for  the  Advancement  of  Teach- 
ing. Annual  Report,  8tb,  1913.  New  York,  1913.  Gift 
of  Carnegie  F'oundation. 

Centrifugal  Fans,  J.  H.  Kinealv.  New  York-London, 
1905. 

Circolo  Matematico  di  Palermo.  Adunanza  solenne  del 
14  Aprile  1914.  XX  Anniversario  della  Fondazione. 
Palermo,  1914.    Gift  of  Circolo  Matematico  di  Palermo. 

Communications  presentees  devant  le  Congres  Inter- 
national des  Mf.thodes  d'Essai  des  Mateeiaus  de 
Construction,    vols.  1-2.    Paris,  1901. 

CONi,)UEsT  of  the  Aie,  Alpiionse  Berget.     New  York,  1911. 

Construction  of  Cranes  and  Other  Lifting  Machinery, 
E.  C.  R.  Marks,  ed.  3.  London,  1904.  Gift  of  Hunt 
Memorial  Fund. 

Control  of  Water  as  applied  to  Irrigation,  Power  and 
Town  Water  Supply  Purposes,  P.  A.  M.  Parker. 
New  York,  19 J 3. 

Cost  Accounting  on  Construction  Work,  with  a  de- 
scription of  the  System  used  by  the  Aberthaw 
Construction  Company,  Leslie  H.  Allen.  Boston,  1914. 
Gift  of  autbor. 

Croton  Water  Supply:  its  quality  and  purification, 
Geo.  W.  Fuller.    Gift  of  author. 

The  Development  of  our  Foreign  Trade.  Address  of  Mr. 
Jobn  Hays  Hammond  at  the  Meeting  of  tbe  American 
Association  for  the  Advancement  of  Science,  Atlanta, 
Ga.,  December  30,  1913.     Gift  of  C.  AV.  Rice. 

Einfuhrung  in  die  Aeronautik,  Adolf  Lippmann.  vol.  1. 
Leipzig,  1911. 

EiNGRIFFVERII.'iLTNISSE   DER    ScHNECKENGETRIBBE,   Ad.    Emst. 

Berlin,  1901. 
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S.  B.  Daugherty,  Jas.  W.  Gibney 

Chicago 

Paul  P.  Bird,  Chairman;  C.  W.  Nayior,  Secretary;  C. 
R.  Birdsey,  W.  B.  Jackson,  A.  W.  Moseley 

Cincinnati 

J.  B.  Stanwood,  Chairman ;  J.  T.  Faig,  Secretary;  W.  G. 
Franz,  G.  W.  Galbraith 

Milwaukee 

E.  P.  Worden,  Chairman;  Fred.  H.  Dorner,  Secretary; 
M.  A.  Beck,  H.  V.  Conrad,  Hexrik  Greger,  L.  P.  C. 
Smith,  Henry  Weickel 


Minnesota 

Max  Toltz,  Chairman;  C.  L.  Pillsbury,  Vice-Chairman; 
E.  J.  Heinen,  Secretary-Treasurer ;  Wm.  H.  Kavaxai'gh, 
Paul  Doty 

New  Haven 

E.  H.  LOCKWOOD,  Secretary;  F.  L.  Bigelow,  L.  P.  Breck- 
exridge,  J.  A.  NoRCROss,  H.  B.  Sargent 

New   York 

H.  V.  Wright,  Chairman;  Edward  Van  Winkle,  Treas- 
urer; H.  R.  Cobleigh,  Secretary;  J.  J.  Swan,  J.  P.  Nepp 
Philadelphia 

H.  E.  Ehlers,  Chairman;  W.  R.  Jones,  Secretary;  Geo. 
R.  Henderson,  Hugo  Bilgram,  R.  H.  Fernald,  D.  R. 
Yarnall 

San  Francisco 

Robert  Sibley,  Chairman;  Thos.  Morkin,  Vice-Chair- 
man;  C.  T.  Hutchinson,  Secretary;  E.  C.  Jones,  C.  R. 
Weymouth 

St.  Louis 

F.  E.  Bausch,  Chairman;  E.  L.  Ohle,  Secretary;  H.  Wade 
Hibbard,  John  Hunter,  L.  C.  Nordmeyer 


SOCIETY  REPRESENTATIVES 


Council  of  Amer.  Assn.  .\dv.  Science 

A.  C.  Humphreys,  W.  B.  Jackson 

Engineering  Education 

A.  C.  Humphreys,  F.  AV.  Taylor 

John  Fritz  Medal 

J.  A.  Brashear  (1),  F.  R.  Huttox 
(3),  Ambrose  Swasey  (4) 


!),  J.  R.  Freeman 


General  Conference  Committee  of  National  Engineering  Societies 

C.  AW  Baker 

Trustees  UniteJ  Engineering  Society 

Fred   J.   Miller    (1),   Jesse  M.    Smith    (2),   Alex.   C. 
Humphreys  (3) 


OFFICERS    OF    THE    GAS    POWER   SECTION 


Chairman 

F.    R.    HUTTON 


Secretary 

Geo.  a.  Orrok 


Gas  Power  Membership  Committee 

A.  F.  Stillman,  Chairman;  H.  V.  0.  Coes,  J.  H. 
Lawrence,  F.  S.  King,  J.  H.  Norris,  G.  M.  S.  Tait,  J. 
D.  Shaw,  H.  AA^.  Anderson,  C.  D.  Smith 

Gas  Power  Executive  Committee 

C.  H.  Benjamin  (1),  AV.  H.  Bl.wvelt  (3),  W.  D.  Ennis 
(5),  H.  J.  K.  Freyn  (1),  F.  R.  Low  (2),  L  E.  Moultrop 


(4),H.  H.  Suplee  (1) 


Gas  Power  Literature  Committee 


R.   B.   Blobmeke,   Chairman;  A.   AV.   H.   Griepe,   W.    F. 
MoNAGHAN,  AV.  S.  Morrison,  S.  I.  Oesterreicher,  H.  G. 

AVOLFE 


Gas  Power  Committee  on  Meetings 

AA'm.  T.  Magruder,  Chairman;  W.  H.  Blauvelt,  E.  D. 
Dreyfus,  A.  H.  Goldingham,  Nisbet  Latta,  H.  B.  Mao- 
Farland 


OFFICERS    OF    AFFILIATED    SOCIETY 

Providence  Association  of  Mechanical  Engineers 

W.  H.  Paine.  President;  Arthur  H.  Annan,  rice-President;  J.  Ansel  Brooks,  Secretary;  A.  H.  Whatley,  Treasurer 

Note — Numbers  in  parentheses  indicate  number  of  yea.T3  the  member  has  yet  to  serve 
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OFFICERS  OF  THE  STUDENT  BRANCHES 


INSTITUTION 


DATE 
AUTHORIZliU 
BY  COUNCIL 


HONORARY 
CHAIRMAN 


CHAIRMAN 


Armour  Inst,  of  Tech. 

Carnegie  Inst,  of  Tech. 

Case    School    of    Applied 
Science 

Columbia  Univ. 

Cornell  Univ. 

Kansas  State  Agri.  College 

Lehigh  Univ. 

Leland  Stanford  Jr.  Univ. 

Mass.  Inst,  of  Tech. 

New  York  Univ. 

Ohio  State  Univ. 

Penn.  State  College 

Poly.  Inst,  of  Brooklyn 

Purdue  Univ. 

Rensselaer  Poly.  Inst. 

State  Univ.  of  Iowa 

State  Univ.  of  Kentucky 

Stevens  Inst,  of  Tech. 

Sjrracuse   Univ. 

Univ.  of  Ai-kansas 

Univ.  of  California 

Univ.  of  Cincinnati 

Univ.  of  Colorado 

Univ.  of  Illinois 

Univ.  of  Kansas 

Univ.  of  Maine 

Uuiv.  of  Michigan 

Univ.  of  Minnesota 

Univ.  of  Missouri 

Univ.  of  Nebraska 

Univ.  of  Wisconsin 

Washington  Univ. 
Yale  Univ. 


Mar    9,  1909 


Q.  F.  Gebhardt 


Oct  14,  1913  W.  Trinks 


Feb  14,  1913 


F.  H.  Vose 


Nov    9,  1909  Chas.  E.  Lut-ke 
Dec     4,  1908  R.  C.  Carpenter 
Feb  13,  1914  A.  A.  Potter 
June  2,  1911  P.  B.  de  Schweinitz 
Mar    9,  1909  W.  F.  Duraud 
Nov    9,  1909 'e.  F.  Miller 
Nov    9,  1909  C.  E.  Houghton 
Jan  10,  1911 1  \Vm.  T.  Magruder 
Nov    9,  1900  J.  P.  Jackson 
Mar    9,  1909  \V.  D.  Ennis 


Mar    9,  1909 


G.  A.  Young 


F.  L.  Brewer,  Jr. 
J.  B.  Patterson 
H.  C.  Mummert 

H.  F.  Allen 
J.  G.  MiUer 
V.  Whiteside 
A.  V.  Bodine 
J.  A.  Gibb 
F.  G.  Puriiitoii 

R.   D.   Rogers 

C.   F.   Kennedy 

M.  Van  Valken- 

burs'h 
S.  A.  Peek 


CORRESPONDING    SECRETARY 


Dec     9,  1910  A.    M.    Greene,    Jr.  ,F.  E.  Mc:\Iullen 


Apr  11,  1913  R.  S.  Wilbur 
Jan  10,  lOllF.   P.  Anderson 


Dec     4,  1908 
Dec     3,  1911 


L.  A.  White 
H.  G.  Strong 


Alex.  C.  Humphreys  L.  F.  Bayer 


W.  E.  Ninde 
Apr  12,  1910  B.  N.  Wilson 
Feb  13,  1912  Joseph  N.  LeConte 
Nov    9,  1909  J.  T.  Faig 
Apr  10,  1914  P.  S.  Rattle 
Nov    9,  1909  W.  F.  M.  Goss 
Mar    9,  1909  F.  H.  Sibley 
Feb     8,  1910  Arthur  C.  Jewett 
Apr  10,  1914  John  R.  Allen 
May  12,  1913  J.  J.  Flather 
Dee    7,  1909  H.  Wade  Hibbard 
Dec     7,  1909  J.  D.  Hoffman 

H.  J.  Thorkelson 

E.  L.  Ohle 

L.  P.  Breckenridge 


Nov  9, 

1909 

Mar  10, 

1911 

Oct  11, 

1910 

G.  T.  Parsons 
M.  McGill 
A.  C.  Moorhead 
J.  Dollnian 
L.  J.  Brady 
C.  R.  Velzy 
L.   C.   Angevine 

E.  E.  Fowler 
R.  H.  Mills 
A.  Buenger 

F.  A.  Heileinan 
A.  A.  Luebs 
M.  A.  Cook 

A.O.Schleiffarth 
L.  F.  Harder 


J.  A.  Agee 

Ai-mour  lust,  of  Tech.,  Chicago,  111. 
W.  M.  Sheldon 

5137  Woodlawn  Ave.,  Pittsburgh.  Pa. 
J.  B.  Whita<'re 

Case   School  of  Applied   Science,   Cleve- 
land, 0. 
A.  S.  Henry 

333  Central  Park  W.,  New  York,  N.  Y. 
D.  S.  Wegg,  Jr. 

IG  E.  Ontario  St.,  Chicago,  HI. 
J.  1.  Michaels 

P.  O.  Box  125,  Manhattan,  Kan. 
H.  A.  Brown 

Lehigh  Univ.,  South  Bethlehem,  Pa. 
C.  L.  Addleman 

219  Ramona  St.,  Palo  Alto,  Cal. 
H.  E.  Morse 

Box  233.  East  Bridgewater,  Mass. 


W.  ^^'.  Watson 

153  W.  8th  Ave.,  Columbus,  0. 
U.  E.  Hewitt 

412  Main  Bldg.,  State  College,  Pa. 
Samuel  Kobre 

Poly.  Inst,  of  Brooklyn,  Brooklyn,  N.  Y. 
T.  S.  Tulien 

216  Fillmore  St.,  Topeka,  Kan. 
[{.  L.  JManier 

90  Walnut  St.,  Binghamton,  N.  Y. 
H.  C.  Doane 

Newton,  la. 
K.   T.   Thornton 

R.  R.  1.,  Lexington,  Ky. 
C.  H.  Colvin 

56  N.  Maple  Ave.,  East  Orange.  N.  J. 
W.  J.  Campbell 

303  Waverly  Ave.,  Syracuse,  N.   Y. 
C.  Bethel 

Univ.  of  Ark.,  Fayetteville,  Ark. 
H.  L.  McLean 

Univ.  of  Cal.,  Berkeley,  Cal. 
A.  J.  Langhammer 

713  Crescent  Ave.,  Covington,  Ky. 
S.  S.  Cooke 

1290  Race  St.,  Denver,  Colo. 

E.  F.  Gehrig 

Univ.  of  Illinois,  Urbana,  111. 
II.  L.  Newby 

1501   Rhode  Island   St.,   Lawrence,   Kan. 
A.  B.  Hayes 

S.  A.  E.  House,  Orono,  Me. 
C.  H.  McClellan 

928  Oakland  Ave.,  Ann  Arbor,  Midi. 
J.  L.  Hartnev 

1724  Fourth  St.,  S.  E.,  IVIinneapolis,  Minn. 

F.  H.  Frauens 

212  E.  35th  St.,  Kansas  City,  Mo. 

G.  W.  Nigh 

c/o  G.  W.  Nigh,  Sr.,  Havelock,  Neb. 
R.  E.  Maurer 

c/o  The  Utah  Gas  &  Coke  Co.,  Salt  Lake 
Citv,  Utah. 
J.  A.  Watkins,  Jr. 

5803  Michigan  Ave.,  St.  Louis,  Mo. 
M.  C.  Corbett 

288   Orchard  St.,  New  Haven,  Conn. 
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THE  WARNER  &  SWASEY  COMPANY  i 

Works  and  Main  Office:   CLEVELAND  | 

Branch  Oeiea :    NEW  YORK        BOSTON        BUFFALO        DETROIT    and    CHICAGO  1 

UNIVERSAL  HOLLOW-HEXAGON  TURRET  LATHES TURRET  SCREW  MACHINES BRASS-WORKING  MACHINE  TOOLS       | 

Universal  Hollow- Hexagon  Turret  Lathes  j 

Equally  efficient  for  both  Bar  and  Chucking  work  | 


TWO  highly  efficient  machines  in  ONE — combining  the 
rapidity  and  accuracy  of  the  Turret  Lathe  and  the  simpli- 
city and  adaptability  of  the  Engine  Lathe. 


Two  independent  tool  carriages — operating  simultaneously; 
multiple  cutting  tools ;  geared-head  single  pulley  drive ; 
great  strength,  rapidity  and  adaptability. 


TWO  SIZES — N0.2-A— Bar  work  2!4"x26";  castings  and  forgings  12" 
No.  3- A — Bar  work  3K"x36";  castings  and  forgings  15" 


No.  2A — With  "Bar  Equipment" 


No.  2A — With  "Chucking  Equipment" 


The  lower  Illustration  shows  a  set  of 
4  of  the  100  Bristol  Pyrometers  used 
by  one  of  the  largest  steel  comp:mk'a 
in  the  world.  Used  in  connection  with 
a  Bristol  Recorder,  either  the  present 
temperature  or  any  variation  in  tem- 
perature for  24  hours  can  be  seen  at 
a  glance.  It  makes  no  difference 
whether  your  furnacr^  are  old  or  new. 
Bristol  Pyrometers  help  improve  your 
product . 


ONE  HUNDRED 

BRISTOL  PYROMETERS 

USED  BY  ONE   FIRM.    WHY? 

Because  after  giving  years  of  careful  study  to  the  heat  treatment  of  metals,  they  have 
found  them  indispensable  in  obtaining  the  best  results  at  the  minimum  cost.  When  the 
largest  steel  plants  in  the  world,  the  people  who  do  nothing  but  devise  and  apply  the  very 
best  methods  for  the  hoat  treatment  of  metals,  use  Bristol  Pyrometers,  why  don't  you  ? 
Send  for  our  Bulletin  No.  C-1400.     It  will  help  you  decide. 


THE    BRISTOL    COMPANY 


BRANCH  OFFICES: 


114  Liberty  Street. 
New  York 


1670  Frick  Building  Annex 
Pittsburgh 


Waterbury,  Conn. 

953  Monadnock  Block 
Chicago 


Facts  and  Figures 

Let  us  get  beneath  the  surface  and  see  just  what  counts  in  Turret  Lathe  construction. 
Is  it  weight,  ponderous  looks,  comphcated  mechanism,  salesmanship,  or  something  else? 

The  question  frequently  pops  up  when  a  new  Turret  Lathe  is  under  consideration — • 
"Why  are  the  Jones  &  Lam  son  Turret  Lathes  so  popular,  and  ivhy  are  they  used  so  exten- 
sively by  the  big  Railroads,  Automobile  Plants — in  fact,  in  most  every  plant  that  uses 
Turret  Lathes  for  quality  and  quantity  production? 

We  recently'  received  a  letter  from  the  Foreman  of  the  Manufacturer  who  purchased 
the  first  Double  Spindle  Turret  Lathe,  and,  incidentally,  has  since  purchased  five  more 
of  the  same  type. 

Quoting  the  foreman:  "Your  Double  Spindle  Flat  Turret  Lathe  was  put  in  operation 
in  less  than  one  month  after  receipt  here,  and  used  constantly  ever  since  (covering  a 
period  of  more   than  three  years)  machining  gears. 

"Its  present  average  is  150  finished  gear  blanks  every  9  hours.  The  feed  is  changed 
3  tunes  per  gear,  or  450  times  per  day,  and  the  only  attention  given  the  feed  mechanism 
to  date  was  an  occasional  supply  of  oil.     Not  one  part  has  ever  been  removed." 

Now  let  us  assume  that  the  number  of  work  days  per  },ear  is  three  hundred.  One 
does  not  reciuire  a  knowledge  of  differential  calculus  to  arrive  at  the  exact  figures  covering 
the  changes — and  where,  and  under  what  conditions  would  you  find  a  more  severe  test 
on  the  feed  mechanism? 

Is  it  not  evident  that  the  construction  and  workmanship  must  be  as  near  perfect  as 
is  possible  to  produce? 

Look  at  the  illustration  on  the  next  page  showing  the  feed  conlro/ling  lever  and  the 
slight  movement  required  for  any  of  the  nine  changes  of  feed,  ranging  from  20  to  120  per 
inch.     The  illustration  shows  the  lever  in  both  jiositions. 
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Our  space  here  is  far  too  limited  to  take  uj)  this  matter  in  detail,  but  we  would  be 
pleased  to  mail  our  catalog  or  have  our  representative  call  on  interested  parties,  and 
from  time  to  time  we  will  show  on  these  pages  some  of  the  reasons  %vhy  the  Jones  &  Lamson 
Turret  Lathes  are  specified  when  big  contracts  are  involved  and  when  Alachinc  Efficiency 
is  used  as  a  basis  in  placing  the  order. 


Simplicity— Accessibility— Durability 

The  operator,  like  the  chauffeur,  has  full  control  of  the  speeds  and  feeds  at  all  times. 
The  above  illustration  shows  the  operator  changing  the  feed  mechanism  by  means  of  a 
slight  shift  of  a  single  controlling  lever,  and  with  far  greater  ease  than  the  chauffeur 
changes  the  selective  gears  of  his  car. 

The  operator  of  the  Jones  &  Lamson  Turret  Lathe  has  that  same  feeling  of  con- 
fidence and  satisfaction  experienced  by  the  chauffeur  when  operating  his  powerful  "Six" 
— He  knows  that  there  is  constantly  in  reserve  unlimited  power  and  speed,  without  the 
feeling  that  the  bearings  and  other  parts  are  being  sacrificed  as  a  result  of  its  use. 

Every  movement — every  adjustment — every  dimension  and  every  part  of  (jur 
machines  represent  the  result  obtained  through  >'ears  of  most  exacting  tests  by  highly- 
efficient  specialists  on  Turret  Lathe  Construction. 

The  Acknowledged  Standard  for  More  than  Half  a  Century. 


JONES  &  LAMSON  MACHINE  COMPANY 

Springfield,  Vermont,  U.  S.  A.,  and  97  Queen  Victoria  Street,  London,  E.  C. 

Germany.  Holland,  Switzerland  and  Austria-Hungary:  M,  Koyeraann,  CharIotteastra?ss  112,  Dusseldorf,  Germany. 
France,  Spain  and  Belgium:  F.  Aubt^rty  &  Co.,  91  Ru2  de  Maubeuge,  Paris,     Italy:  W.  Vogel,  Milan. 


Drying  Problems 
May  Confront  You 


Our 


V; 


D 


A 


acuum    Urying  /Ipparatus 


removes  moisture,  at  lowest  temperature,  rapidly,  thoroug-hl}', 
uniformly,  economically.  Thirty  years  of  experience  in  this 
one   field  of   activity  cannot   help  but   be   of  value  to  }ou. 


The    thousands   of   installations  in  daily  operation  and  the  many 
repeat  orders  are  the  best  evidence  of  our  claims  to  be  of  service. 

J.  P.  DEVINE  CO. 


1372  Clinton  Street 


Buffalo,  N.  Y. 


COMPARE 

THESE    BOILERS 
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^HE  comparative  efficiency  of  the  same  boiler  when  set  with 
\ertical    cross    baffling    and    re-arranged     lor     horizontal 
baffling  is  gi\'en  fully  in  a  paper  by   Henry  Kriesinger  and 
Walter  T.  Ray,  Western  Societj^  of  Engineers,  June  2,    1913,    and  the 
Journal,  Am.  Soc.  M.  E.,  January  1914. 

The    first    boiler    shows    an    efficiency  of    61.3%  with    Pocohontas   coal    and 
60.9%  with  Clinchfield. 

The  second  boiler,   with  the  horizontal  baffling,  showed   63.6%  with    Pocohontas 
and  67.2%  with  the  Clinchfield. 

Furthermore,  the  draft  drop  through  the  boiler  with  the  vertical  cross  baffl  ng  at 
128^  load  was  j^  inch,  whereas  with  the  horizontal  at  127%  load,  the  draft  drop 
was  ^  inch,  with  the  same  per  cent.  COo. 

The  horizontal  baffling  shown  above  is  exactl\-  rhe  same  as  used  in  all  large  Heine 
r^oilers.  There  is  a  tile  roof  over  the  furnace  and  two  horizontal  passes  for  the  gases 
through  the  boiler. 

NOWADAYS 

IT'S 

HEINE 

Ask  for  our  pamphlet  on  large  Heine  Boilers  also  a  test  of  a  two= 
pass  635  H.  P.  Boiler  at  the  Grand  Central  Terminal,  New  York. 

HEINE    SAFETY    BOILER    CO. 
2465  E.  Marcus  Ave.,  St.  Louis,  Mo. 
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Outside  view  showing  ad- 
justable spring  wliich  brings 
any  desired  pressure  af  ainst 
the  swing-gate. 


Dotted    line    shows    valve 

when  pressure  has  exceeded 

spring  tension. 


It 


Cn/eifve 
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Application  of  the 
Nelson-Erwood  Valve 
To  Mixed-Flow  Turbines 


This  view  shows  how  <  on- 

slant  pressure  is  maintained 

on  <  t-ntre  of  gate. 


The  Nelson-Erwood  is  of  special  value  in  steam  turbine  prac- 
tice since  it  embodies  in  one  valve  the  functions  of  a_ gate,  check 
and  relief  valve.  As  a  check  valve  it  can  be  placed  m  any  posi- 
tion which  is  not  possible  in  other  designs. 

Its  application  to  a  mixed-flow  turbine  is  shown  in  the  diagram 

^  Thr'Nelson-Erwood  Swing  Gate  Valve  "A"  acts  as  an  atmospheric  relief 
valve    and  prevents  excessive  back  pressure  on  the  engine.  _ 

Valve  "B"  is  placed  on  the  engine  exhaust  and  supplies  the  heating  system 
with  exhaust  steam  when  conditions  require  it.  ,         .      ,  .  .  • 

Valve  "C  "  placed  between  the  engine  cylinder  and  the  mixed-flow  turbine, 
valve     L.,     pidcLu  ui-Lw  .- *     fhp  line  to  ens  ne  cy  inder  when  live 

from  engine  cylinder,  , 

Valve  "D"   protects   the   mixed-flow   turbine   in   case   of   an   overflooded 

condenser. 

NELSON-ERWOOD 

Swing  Gate  Valves 

.-ifeiruard  the  engine  or  turbine,  in  every  situation  where  disastrous  results 
voiiW  follow  the^flow  of  steam  in  a  direction  contrary  to  its  usual  course  _ 
Thev  have  an  outside  adjustment  which  may  be  set  for  any  pressure  de^ 

'  ""Nelson-Erwood  Swing  Gate  Valves  have  many  other  uses  and  applications. 

A  new  circular  just  off  the  press  describes  it  in  detail. 

This  circular  and  any  other  information  will  be  sent  you  gladly.    \\  rite  lor 
it   now. 

NELSON  VALVE  COMPANY 

7612.20  Quee.  St.  CHESTNUT  HILL,  PHILADELPHIA 
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Concentrate  Your 


Power  House  Area 

Every  square  foot  of  g-enerating-  station 
floor  space  represents  extra  investment  in 
land,  in  building,  and  in  equipment.  The 
application  of  turbines  and  condensers  has  re- 
duced the  space  necessary  for  prime  movers  to 
one-half  or  one-third  of  that  demanded  by  re- 
ciprocating engines,  and  has  also  reduced  the 
first  cost  per  horse-power. 

Now  comes  the  matter  of  concentrating  boiler 
room  space  in  like  measure,  a  problem  which  is 
being  solved  by 


The  TAYLOR  STOKER'S  ability  to  burn  immense  quantities  of  coal  in  limited  grate  area  at  high 
speed,  and  to  bring  a  maximum  of  the  resultant  heat  into  direct  contact  with  the  heating  surfaces, 
produces  multiplied  outputs  from  boilers  and  so  reduces  the  required  number  of  furnaces  and 
boiler  units. 

And  this  reduction  in  the  number  oi  boilers  has  the  advantage  of  permitting  the  purchase  of  the  very 
best  type  of  boiler  at  a  less  total  cost  than  that  for  a  larger  number  of  a  cheaper,  less  reliable,  less 
efficient  make. 

In  addition,  the  reserve  steam  making  capacity  of  the  TAYLOR  STOKER  assures  that  the  original 
steam  making  equipment  can  keep  pace  with  growing  loads  for  years  to  come. 

The  interest  on  every  dollar  of  additional  investment  in  station  equipment  must 
be  distributed  over  the  rates  charged  for  light  and  power.  If  planning  a  new 
station,  let  the  TAYLOR  STOKER  concentrate  its  boiler  room  area,  save  invest- 
ment, and  reduce  fixed  charges.  If  planning  to  enlarge,  let  the  TAYLOR 
STOKER  double  the  capacity  without  enlarging  the  building.  Write  our  Stoker 
Department  for  particulars. 

American  Engineering  Company 

PHILADELPHIA 


Foster  Superheaters 

Will  give  increased  efficiency  and  economical  results  in  the 
operation  of  any  plant  using-  steam.    Can  be  applied 
to  boilers  of  any  type,  old  or  new. 


FOSTER  SUPERHEATER  IN  BABCOCK  &  WILCOX  BOILER 

Foster  Superheaters  are  made  for  every  class  of  service, 
either  combined  with  boilers  or  separately  fired.  The  exterior 
surface  is  protected  from  the  destructive  action  of  hot  gases — a 
feature    which   distinguishes   the    Foster  from    all   other  types. 

Perfect  Steam  Circulation  Any  Temperature  Desired 

Uniform  Superheat  Freedom  from  Repairs 

Over  a  Million  Horse  Power  in  Use 

Gaskets  for  high  temperature  steam  pipes;  Piston-rod  packing  for 
superheated  steam;    Ram  and  Plunger  Packing  for  high -water  pressures. 

We  will  be  glad  to  send  you  some  interesting   and    useful 
publications  dealing  with  the  subject  of  "Superheated  Steam." 


POWER  SPECIALTY  COMPANY 


111  Broadway,  New  York 

Branch  Offices 
BOSTON  PHILADELPHIA  CHICAGO 

BIRMINGHAM 


PITTSBURG 
SAN  FRANCISCO 


GREEN'S     ECONOMIZER 

Is  Essential  in  the  Modern  Steam   Plant 


PLAN 


COAL 
HOPPER 


SECTION  Of/  ^  B 


1000 -HP.    5TE.AM  MAKIMO  Pi-Af/r     CONTAIWNC 
HaO   Sf  Fr  BOIl£R         SURFACE 
/660      .    .    SUP£l!lirAT£R 

■tita     ..  .,  ccoMoni££/i 

/40        -    ■■     ORATE  ARCA 


|\/rORE  Steam  can  be  produced 
from  less  fuel  and  at  less  total 
cost  by  means  of  Green's  Economizer. 
Boiler  surface  should  be  used  only 
for  transferring  the  heat  of  evapora- 
tion, the  water  being  brought  up 
nearly  to  the  boiling  point  and  more 
advantageously  by  the  economizer 
surface. 

The  Economizer  is  able  to  extract 
more  heat  from  the  gases  than  could 
the  boiler  surface,  no  matter  how  far 
extended,  since  the  economizer  con- 
tains water  at  hot  well  temperature, 
whereas  the  boiler  contains  water  at 
a  temperature  corresponding  to  the 
steam  temperature,  that  is,  nearly 
300°  hotter.  As  the  flow  of  heat  from 
the  gases  to  the  water  is  proportional 
to  the  difference  in  temperature,  a 
square  foot  of  economizer  surface 
abstracts  heat  from  the  gases  much 
more  actively  than  would  a  square 
foot  of  boiler  surface  located  at  the 
same  point  in  the  travel  of  the  gases. 

By  omitting  that  part  of  boiler 
surface,  which  is  comparatively  in- 
effective in  the  recovery  of  heat,  and 
by  placing  an  economizer  on  the 
floor  above  the  boiler,  economies  of 
ground  space  and  building,  as  well 
as  of  fuel  and  apparatus,  are  realized. 
An  illustration  of  this  arrangement  is 
shown  in  the  above  drawing. 

For  many  other  interesting  exam- 
ples of  modern  steam  plant  design, 
send  for  our  lOO-page  book,  ME  No. 
142. 


The  Green  Fuel  Economizer  Co. 

Matteawan,  N.  Y. 

New  York  City,  Boston,  Chicago,  Atlanta,  San  Francisco,  Los  Angeles,  Seattle, 

Salt  Lake  City,   Montreal. 

Engineers:  Builders  of  Green's  Fuel  Economizers,  Fans,  Blowers  andJExhausters,  Steam  Air  Heaters, 
Coils.  Waste  Heat  Air  Heaters.  Mechanical  Draft,  Heating  and  Ventilatingfand  Drying  Apparatus, 
Draft  Dampers  and  Engines.  384 
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"INGERSOLL-ROGLER" 
AIR  COMPRESSORS 

This  shows  a  section  through  the  air 
end  of  the  class  "PRE"  direct  con- 
nected, electrically  driven  type 


tlNGERSOtL  %        kuGLLR] 


INGERSOLL-RAND    COMPANY 


New  York 

Pneumatic  Tools 


Offices  the  World  Over 


London 

Air  Lift  Pumping 

3S-C. 
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High  Vacuum  at  a  Low  Cost 

Maxinuun  turbine  efficiency  is  assured  by  the  high 
vacuum    maintained   by 

KOERTING 
Multi=Jet 

Condensers 

These  efficient  condensers  will  produce  at  least  a  28-inch  vacuum 
(referred  to  30-inch  barometer)  with  the  minimum  amount  of  cool- 
ing water  at  70°  F.  or  under  witJioat  the  use  of  an  air  pump. 

A  simple  centrifugal  injection  pump  operating  against  a  21  ft.  head 
is  the  only  moving  part  required. 

The  cold  water  enters  through  a  series  of  concentric  nozzles  and  is 
brought  in  intimate  contact  with  the  steam  which  enters  through 
annular  passages  between  the  nozzles. 

The  condenser  is  so  proportioned  as  to  maintain  a  practically  con- 
stant velocity  of  the  steam  from  the  top  to  the  bottom. 


Write  us  today  stating  your  e.xact  requirements.  Our  engineering 
department  will  be  pleased  to  submit  a  cost  estimate  on  the  equip- 
ment of  your  plant  with  these  modern  condensers. 

Be  sure  to  send  for  Catalog  S-AB  today 

Schutte  &  Koerting  Co. 

1239=57  North   12th  St.,  Philadelphia 


New  York,  so  Church  St. 
Boston,  132  High  St. 
Cleveland,  New  England  Bldg. 


Denver,  ist  Nat.  Bank  Bldg 
Chicago,  Security  Bldg. 


Pittsburgh,  Keenan  Bldg. 
Kansas  City,  Burton  Machy  Co 
Dayton,  Gimperling  &  Sons. 
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Speed  Up  Your  Car  and  Driving  Wheel 
Lathe    With    G-E    Industrial    Control 

Here  is  another  special  a[5plication  of  the  G-E  push  button  method  of  control — a  case  where  high  speeds  are  desirable — • 
but  cannot  be  attained  continuously  because  hard  spots  on  the  wheel  require  a  reduced  speed  over  a  fractional  part  of 
each  revolution.  On  this  equipment  we  have  three  push  buttons — one  to  "start,"  one  to  "stop" — and  one  to  "slow  down." 
When  the  "slow"  button  is  pushed,  the  speed  is  reduced  and  when  it  is  released  maximum  speed  is  regained.  A  pendent 
switch  may  be  used  for  the  "slow  down"  if  desired. 

The  e.xact  cutting  speed  required  for  any  work,  at  any  moment,  is  obtained  by  turning  the  knobs  on  a  box,  in  easy  reach 
of  the  workman. 

When  the  stop  button  is  pushed,  the  motor  is  brought  to  a  quick  stop  by  means  of  dynamic  braking. 

This  equipment  also  contains  all  of  the  overload,  and  low  voltage  protective  features  and  can  be  applied  to  wheel  lathes 
now  in  service  as  well  as  on  new  machines. 

The  convenience  and  responsiveness  of  this  drive,  together  with  the  close  speed  adjustments  instantly  obtainable,  reduce 
costs  and  speed  up  production. 

:5/\ri:TYlii?57 

Inquiries  from  "Safety  First     Com- 

mittees,  welfare  workers  and  others 
interested  in  the  protection  of  men 
as  well  as  machines  will  be  cheer- 
fully answered. 


G-E  Industrial  Control  can  be  furnished 
for  the  practical  and  economical  operation 
of  any  motor  anywhere. 

Cill,  write  or  telephone  our  nearest  office 
for  further  details  and  special  information 
on  our  exchange  proposition. 


General  Electric  Company 


Atlanta,  Ga. 
Baltimore,  Md. 
Birmingham  Ala. 
Boise,  Idaho 
Boston.  Mass. 
Buffalo.  X.  V. 
Butte.  Mont 
Charleston,  \V.  \*a. 
Charlotte,  N.  C. 
Chattanooga.  Tenn. 
Chicago.  111. 
Cincinnati.  Ohio 


Cleveland,  Ohio 
Columbus,  Ohio 
D  ivenport,  Iowa 
Dayton.  iJhio 
Denver,  Coio. 
Detroit.  Mich. 

(Office  of  Agent) 
Elmira.  X.  V. 
Erie,  Pa. 

Indianapolis,  Ind. 
Jacksonville.  Fla. 
Joplin.  Mo. 


Largest    Electrical    Manufacturer    in    the   World 

General  Office:      Schenectady,  N.  Y. 
ADDRESS    NEAREST    OFFICE 


Kansas  City,  Mo. 
Keokuk,   Iowa 
Knoxville.  Tenn. 
Los  Angeles.  Cal. 


Louisville.  Ky. 
Mattoon,  111. 
Memphis   Tenn. 
Milwaukee.  Wis. 


Minneapolis.  Minn. 
Nashville.  Tenn. 
Xew  Haven.  Conn. 
Xew  Orleans,  La. 
Xew  York,  X.  V. 
Omaha,  Xeb. 
Philadelphia.  Pa. 
Pittsburg.  Fa. 
Portland.  Ore. 
Pro\idence.  R.  I. 
Richmond.  Va. 
Rochester,  X,  V. 


Salt  Lake  City,  L'tah 
San  Prancisco.  Cal. 
St.  Louis,  Mo. 
Schenectady.  X.  Y. 
Seattle.  Wash. 
Spokane.  Wash. 
Springfield,  Mass. 
Syracuse,  X.  Y. 
Toledo,  Ohio 
Washington,  D.  C. 
Youngstown,  Ohio 


For  Texas  and  Oklahoma  business  refer  to  Southwest  G^meral  Ele;tric  Company,  Dallas.  El  Paso.  Houston  and  Oklahoma  City 
For  Canadian  business  refer  to  Canadian  General  Electric  Company.  Ltd.,  Toronto.  Ont. 
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There's 

Profit  in 

The  Summer  Lull 


During  the  sweltering  summer  ^  ^^^ 
days,  when  the  thermometer 
sizzles  around  the  nineties;  when 
everybody  lets  up;  when  profits 
go  down,  but  overhead  stays  where 
it  is — that's  the  time  to  make 
profits  bigger  for  the  busy  fall  and 
winter.  You  can  best  afford,  dur- 
ing the  slack  season,  to  install 

"SeUs" 
Roller  Bearings 

the  dependable  all-split  line-shaft  bearings, 

that  interchange  with  plain  bearing  boxes. 

If   you   install    them    now,    or  later  in   the 

summer,  you  will  be  drawing  profit  out  of 

the  low-profit  summer  months — the  lull  time 

of  the  year — by  preparing  for  a  lower  power 

expense  as  soon  as  business  picks  up.     The 

thousands  of  "Sells"   Bearings  in  use  are 

your  best  guarantee  of   the   service  that 

you'll  be  building  into  your  plant.     Write 

today.     Catalog  ? 

Also    "Sells"    Commercial   Roller  Bear- 
ings,   Power  Transmission    Machinery, 

Punches    and    Shears,    Grinders    and 

"Rollerine." 

Royersford 
Foundry  &  Machine  Co. 

60  No.  5lh  Street 
Philadelphia 


"  Use 

'Rollerine' ' 


II  ■III)       I    »  iDi    )     in  I    I  111  III  III     III   III  iim  1 1  III  iiiiiinim  ain. 

B 

Consult  the 
Cowdrey  Machine 
Works — 


Let  us  build  your  special  machine,  or 
furnish  you  with  machine  work  on  a 
contract  basis,  in  our  large,  up-to-date 
factory.  Our  forty  years'  experience  in 
building  special  machines  for  knitting 
mills,  paper  making,  wood  working  and 
nearly  every  other  kind  of  purpose  is 
sure  to  be  of  service  to  you. 

Machines  We  Have  Made — 

Hosiery  Knitting  Machines 

Bobbin  Turning  and  Boring  Machines 

Celluloid  Turning  Machines 

Pointing  Machines 

Shoe  Machines 

Optical  Machines 

Safety  Razor  Machines 

Paper  Tube  Machines 

Paper  Bag  Filling  Machines 

Button  Hole  Machines 

Laboratory  Machines 

Horn-Presses 

Rock  Drills 

Automatic  Feeders  for  Printing  Presses 

Jigs,  Fixtures  and  Tools  to  yonr  blue  prints 

Estimates  gladly  furnished  from 
blue-prints.      Write    us     to-day 

C.  H.  Cowdrey  Machine  Works 

FITCHBURG,  MASS. 


Contractors,    Builders    and    Designers 
of  Special  Machinery 
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Jenkins  Bros. 

Iron  Body  Gate  Valves 


You  obtain  quality  and  satisfaction  when 
you  specify  Jenkins  Bros.  Gate  Valves. 

The  improved  shape  of  bodies  and  bon- 
nets insures  perfect  castings,  free  from  in- 
ternal shrinkage  strains,  securing  the  ut- 
most strength  and  rigidity,  and  enabling 
the  valves  to  resist  without  distortion  the 
severe  stresses  due  to  the  working  pressure, 
expansion  and  contraction,  poorly  support- 
ed piping,  and  other  exacting  conditions. 

All  Jenkins  Bros.  Gate  Valves  are  of  the 
double-face,  solid-wedge  type,  with  gates 
or  wedges  having  guides  which  slide  true 
on  ribs  in  the  body  and  thus  preventing 
chattering  when  the  valve  is  partly  open, 
or  the  wedge  from  touching  the  seat  except 
at  point  of  final  closing.  The  gates  or 
wedges  fit  only  one  way,  and  cannot  be 
accidently  reversed.  Jenkins  Bros.  Iron 
Body  Gate  Valves  are  made  in  Standard, 
Medium  and  Extra  Heavy  Patterns,  the 
larger  sizes  with  or  without  by-passes  as 
required. 

Write   for    catalogue    illustruling    entire   line   of 
Jenkins  Bros.  Valves  and  Mechanical  Rubber  Goods 


All  Genuine 
Jenkins  Bros.  Valves 
Have  the  Diamond 
Trade  Marii— 
Vour  Protection 


JENKINS 

^ARK 

Jenkins  Bros. 

New  York,  Boston,  Philadelphia,  Chicago 

Jenkins  Bros.,  Limited,  Montreal,  P.  Q.,  London,  K.  C. 

■■■■■■■■■■■■■■■IIIBBIEIB 


Davis 

Pressure 
Regulators 
Save 
Steam 


Save  Steam 


Using  a  higher  steam  pressure  on  your 
auxiharies  than  is  necessary  is  Hke  oper- 
ating your  engine  on  a  high  back  pres- 
sure— it  is  wastefuL 

Every  pound  reduction  in  pressure  that 
you  can  make  saves  a  certain  amount  of 
fuel.  In  most  plants  there  are  man}' 
places  where  less  than  boiler  pressure  can 
be  used,  and  steam  saved,  if  proper  use  is 
made  of  the 

Davis  Pressure  Regulator 

Here  is  a  device  that  saves  steam  and  works 
automatically.  You  simply  set  it  to  make  deliv- 
ery at  the  required  pressure  and  no  matter  what 
the  boiler  pressure  may  be  or  how  much  it  varies, 
the  Davis  Regulator  will  maintain  a  constant 
reduced  pressure. 

This  valve  is  simple  in  construction — it  does 
its  work  well  and  it  lasts.  Tell  us  your  needs 
and  we  will  let  you  have  a  valve  to  test  in  your 
own  plant.  If  not  satisfactory  in  every  respect, 
return  it  and  you  will  be  under  no  obligations 
to  us. 

G.  M.  Davis  Regulator  Co, 

439  Milwaukee  Avenue 
CHICAGO 


New  York         Pittsburgh 
Philadelphia 


San  Francisco 
Boston 


MAKERS  of  VALVE  SPECIALTIES  SINCE  1875 
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For    the   Shop 

Princess 

Wall  Radiators 

Made  in  heights  15  ami 
22  inches.  Units  combined 
to  suit  conditions. 

Our  Catalog  No.  910 
gives  the  combinations. 

THE 

H.  B.  SMITH 

COMPANY 

Westfield,  Mass. 

Boston  New  York  Phila. 

S'j-ii 

For  the  Home 


10  Lbs.  Per  H.  P.  Hour 


with  the 

Nordberg  Poppet  Valve 
Condensing  Engine 

The  illustration  shows  one  of  the  latest 
types  of  high  efficiency  Nordberg  tandem 
compound  engines  with  high-pressure 
Poppet  Valves  and  low-pressure  Corliss 
Valves. 

This  is  the  logical  design:  the  poppet  valves 
on  the  high  pressure  cylinder  are  suitable  for 
superheated  steam  and  high  pressure,  while  the 
low-pressure  valves  which  handle  low-pressure, 
saturated  steam,  are  of  the  Corliss  type  to  give 
the  highest  cylinder  efficiency. 

Nordberg  compound  condensing  engines  of  this 
type  give  economies  of  10  lbs.  per  H.  P.  hour 
depending  on  the  conditions. 

For  further  information  write  for  our  Bul- 
letin 25  on  Nordberg   Poppet  Valve  Engines 

NORDBERG  MFG.  CO. 


NORDBERG 


MACHINERY 


Milwaukee,    Wisconsin 

Manufacturers  of  High  Efficiency 
Corliss  Engines;  Uniflow  Engines; 
Poppet  Valve  Engines;  Air  Com- 
pressors; Blowing  Engines;  Hoist- 
ing Engines;  Pumping  Engines; 
and  other  machiner\ . 


NORDBERG 


MACHINERY 
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THE 


AIR  PUMP 

For  Large  Turbine  Units 


THE  \\  heeler  Turl  o  Air  Pump  is  particularly  suited 
for  condensers  of  10,000  k\v.  and  up,  because  tlie 
hurlingwater  is  discharged  around  the  entire  periphery 
of  the  impeller,  in  small  radial  jets,  and  large  air  en- 
training capacity  is  obtained.  The  air  is  positively 
entrapped  between  small  layers  of  water,  the  com- 
pressed mixture  being  finally  discharged  into  a  casing 
surrounding  the  diffuser. 

Under  ordinary  air-tight  working  conditions,  when  the  con- 
denser air  in  leakage  is  small,  the 

WHEELER 
Turbo  Air  Pump 

will  maintain  a  vacuum  of  99%  of  the  theoretical. 

For  sui  face  condensers  a  combined  air  and  condensate  pump 
is  preferred  by  some  engineers,  and  this  arrangement  is  shown  in 
the  illustration.  Air  and  condensate  enter  the  pump  by  a  com- 
mon suction  nozzle,  and  arc  separated  within  the  pump,  the  air 
flowing  over  the  division  wall  to  the  periphery'  of  the  hurling 
water  impeller  and  the  condensate  flowing  by  gravity  to  the  eye 
of  the  condensate  impeller. 

This  putnp  saves   floor  space 

piping>',  attendance  and  po'wer 

For  further  information  on  Wheeler  Turbo 
.\ir  Pumps,   send  for  our  new    liulletin    III 

WHEELER 

Condenser    and     Engineering    Co. 
CARTERET  ,,s  NE-W   JERSEY 
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HUNT   STEAM    OPERATED    ONE    MAN 
CONTROL  STEEPLE  TOWER 

WILSON  &  PATTERSON,  Montreal,  Quebec 

The  Hunt  Tower  illustrated  above,  in  combination  with  Hunt 
Automatic  Railway,  unloads  coal  and  places  it  in  storage  at  the 
rate  of  200  tons  per  hour. 

A  VERY  EFFICIENT  OUTFIT 

We  are  Specialists  in  machinery  for  the  economical  handling  of 
bulk  material,  and  solicit  inquiries  for  equipment  of  this  kind. 

Pamphlet  S-102  on  request. 

C.  W.  HUNT  CO.,  Inc. 

West  New  Brighton,   N.  Y.,   U.  S.  A. 

45  Broadway,  N.  Y.  City  Fisher  BIdg.,  Chicago 

Evans  Building,  Washington 


This  illustration 
shows  a 
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I'oiible  Suction 

PROVIDENCE 

PUMP 


Providence  Pumps 

are  built  for  all  purposes  in  capacities 
of  100  to  100,000  gallons  per  minute. 
Double  Suction  Pumps  for  moderate  heads. 
Stage  Pumps  for  greater  heads  or  pressures. 
Send  for  Bulletin 


PROVIDENCE 
Providence, 


ENGINEERING  WORKS 

Rhode  Island 


I 
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See  the  Recognition  Afforded 

VULCAN  SOOT  CLEANERS 

DURING   MAY,  1914 


SYRACUSE,  N.  Y. 

for   StirliiiL'    Boilers. 


Cleaners  for  Sturtevant 


SOLVAY  PROCESS  CO., 

5-J365   H.P.  Cleaner: 
Economizers. 

PENNSYLVANIA  SALT  MFG.  CO.,  WYANDOTTE,  MICH. 

15-300  H.P.  Cleaners  for  B.  &  W.  Boilers. 
AMERICAN  SHEET  &  TIN  PLATE  CO.,  PITTSBURGH,  PA. 

3-300  H.P.  and  1-400  H.P.  Cleaners  for  Stirling  Boilers. 
STONE  &  WEBSTER  ENGINEERING  CORP.,  BOSTON, 

FOR  NORTHERN  TEXAS  TRACTION  CO.,  HANDLEY,  TEXAS 

6-600  H.P.  Cleaners  for  B.  &  W.  Boilers. 
FOR  EL  PASO  ELEC.  RY.  CO.,  EL  PASO,  TEXAS 
6-600  H.P.  Cleaners  for  B.  &  W.  Boilers. 
BYLLESBY  &  COMPANY,  CHICAGO 

FOR  LOUISVILLE  GAS  &  ELEC.  CO.,  LOUISVILLE,  KY. 
4-500  H.P.  Cleaners  for  B.  &  W.  Boilers. 

ALL  THESE  ARE  REPEAT  ORDERS 

What  More  Can   We  Say  ? 

WRITE  FOR  OUR  INSTRUCTIVE  BOOK— "Economical    Steam  Production."     It 

contains  valuable  information  and  data  of  interest  to  every  Mechanical  and  Operating  Engineer. 
Sent  free  on  re  quest. 

G.  L.  SIMONDS  &  CO.,  228  So.  La  Salle  St.,   Chicago 


Vulcan  Soot  Cleaner  in  use  at  General  Electric 
Co.  Lamp  Works,  St.  Louis,  Mo.  Plants  at 
Schenectady,  Cleveland,  Minneapolis,  and  Cen- 
tral Falls,  R.  I.,  also  use  THE  VULCAN. 

(VULCAN  SYSTEM  Shown  on  Side  of  Boiler.) 


oirt  Stretch^ 
Take-up 


MACHINE  STRIPPING  COAL  IX  ILLINOIS 


The  rubber  covers  on  Good- 
rich Conveyor  Belts  are  tough 
and  durable.  They  resist 
abrasion.  They  protect  the 
body  of  the  belt  from  the  in- 
roads of  alternating  damp- 
ness and  drvness. 


Goodrich  Products 

Conveyor  Belts 
Elevator  Belts 
Transmission  Belts 
Hose— All  Kinds 
Packing 
Valves,  etc. 


©iLTETiJii  mm 

reduce  tonnage  costs 

Advise  us  regarding:  installations.     We  make  belts  for  every  purpose 

The  B.  F.  Goodrich  Co. 

u 


Goodrich  Belts  won't  shrink 
or  stretch.  They  do  not  re- 
quire a  power-eating  weight 
to  maintain  tension.  They  do 
not  necessitate  idleness  for 
frequent  repairs,  adjustments 
or  renewals. 


Factories : 
Akron,  Ohio 


BrEinches  in  AH 
Principal  Cities 


Makers  of  Goodrich  Tires 
and  Everything 
that's  Best  in  Rubber 

There  is  nothing  in  Good- 
rich Advertising  that 
isn't  in  Goodrich  Goodc 
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I.  P.  MORRIS  COMPANY 


PHILADELPHIA,  PA. 


Specialists  in  the  Design  and  Construc- 
tion of  High  Class,  High  Power,  and 
High  Efficiency  Hydraulic  Turbines 


Illustration  shows  one  of  six  turbines  designed  and 
built  for  the  Laurentide  Company  Ltd.,  Grand  Mere, 
P.  Q.,  Canada.  Unit  is  of  the  single  runner,  vertical 
shaft  type,  with  cast  iron  pit  liner.  Volute  casing  and 
draft  tube  are  formed  in  the  concrete. 

The  I.  P.  Morris  Company  have  built  or  have  under 
construction  turbines  of  this  type  aggregating  472,700 
horse-power. 

Inquiries  for  ttirbines  requiring  special  design  will  be 
given  every  attention 


20,000  H.  p.  TURBINE 
Head   76  feet.  Speed  120  R.  P.  M. 

Most  powerful  Turbines  of  this  Type  ever  built 


LUNKENHEIMER  CAST  STEEL  VALVES 

Lunkcnheimcr  line  of  Cast  Steel  Valves  consists  of  Globe, 
Angle,  Cross,  Gate,  Throttle,  Non-return  Boiler  Stop,  etc., 
made  in  all  standard  sizes  and  two  combinations  as  regards 
the  materials  used  for  the  trimmings,  in  order  to  meet  various 
conditions  of  pressure  and  superheat.  Also  made  in  "Puddled" 
Semi-steeL 

All  of  the  above,  together  with  Check,  Le\-er,  Pop  Safety,  Relief, 
Blow-off,  Screw  Down  Check  Valves,  etc.,  are  furnished  in  Bronze  or  Iron 
Body  Bronze  Mounted. 

The  large  and  com|)lete  line  of  Lunkenheinier  high  grade  engineering  specialties  also  includes 
Water  Columns,  Gauges  and  other  Boiler  Mountings;  Whistles  and  Ground  Key  Work  in  great 
variety;  Injectors  and  Ejectors;  Lubricators  and  Lubricating  De\'ices;  Oil  Pumps,  Oil  and  Grease 
Cups,  Gasoline  Engine  Appliances,  etc. 

Your  local  dealer  can  furnish   them;  if  not,  write  us. 

A  complete  description  of  the  entire  line  can  be  had  by  referring  to  Lunkenheinier  No.  50 
Catalogue.     Write  for  a  copy. 

liis  LUNKENHEIMER  £2: 

'■quality" 

Largest   Manufacturers  of   High   Grade   Engineering    Specialties   in   the  World 


CINCINNATI,   OHIO 

NEW    YORK  CHICAGO  BOSTON 


iS-4b 
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Where  One  Venturi  Answers  Two  Purposes 


Drexel  Institute  in  Philatielpliia 
supplies  its  light,  heat  and  the 
power  needed  to  operate  the  labora- 
tory apparatus  from  its  own  power 
plant. 

A  Venturi  Boiler  Feed  Meter  with 
Type  M  Indicator- Recorder  per- 
forms the  dual  service  of  checking 
the  evaporation  and  furnishing  an 
instructive  exercise  in  power  plant 
economy.  The  illustration  shows  a 
group  of  students  engaged  in  dem- 
onstrating the  great  accuracy  of 
the  Venturi  by  weighing  the  water 
on  platform  scales  and  comparing 
with  the  indications  of  the  meter. 

Venturi  Boiler  Feed  Meters  find 
application  in  power  plants,  large 
and  small. 


Students  Testing  Venturi  Boiler  Feed 

Bulletin  No,  68A   is    Yours  for    the  Asking 


Meter  at  Drexel  Institute,  Philadelphia 


BUILDERS  IRON  FOUNDRY,  "Builders  of  the  Venturi,"  Providence,  R.  I. 


NEW  YORK 


CHICAGO 


SAN  FRANCISCO 


PORTLAND 


SEATTLE 


■iiiiiiiiiiiii!iiiiiiiiii;!iiii]iHiiiii]i!iiii:5i!iii!j5i:;fii:!i:ii6;j!iiiS!:i:!i:rj^ 
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Large 

Direct-Current 

Turbo-Generators 

are  now  obtainable  in  any  size  and  of    the    most 
reliable  and  economical  type. 
The  De  Laval  Multi-Stage  Turbine  runs  at  the  correct  speed 
for  high  economy,  and  is  of  simple  and  reliable  construction.     It 
drives  a  standard  slow  speed  generator  by  means  of  the  De  Laval 
s^vijj      Reduction  Gear.     The  efficiency  of  the  gear  is  between  98%  and 
99%.  its  operation  is  smooth  and  without  noise,  shock  or  vibration, 
and  its  life  is  practically  unlimited. 

The  generator  is  a  standard  speed  direct-current  machine  with 

ample  commutator  and  brush  area,  and  of  the  ordinary  construction 

familiar  to  all  operating  men.     It  is  entirely  free  from  overheating  of 

the  commutator,  vibration,  breaking  down  of  insulation  and  other 

troubles  inherent  in  high  speed  direct -current  machines. 

De  Laval  Multi-Stage  Turbines  are  built  for  all  capacities 

above  50  H.P.,  and  for  all  steam  conditions,  such  as  high 

pressure  condensing  and  non-condensing,  low  pressure  and 

mixed  flow  service. 


WRITE  FOR  CATALOG  "D-58" 

DE  LAVAL  Steam  Turbine  Co 

Trenton,  N.  J 

63-B. 
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DISCRIMINATING  Engineers  in  all  sections  of  the  country  choose  BALL 
ENGINES,  because  of  their  economj-,  reliability,  and  all  around  faculty 
of  making  good.  ^  Investigate  the  special  features  of  the  Ball  Non-releasing 
Gear  Corliss.     It  is  not  an  ordinary  four-valve  engine.     Our  catalogue  tells  why. 

BALL    ENGINE    COMPANY 

ERIE,    PA. 


:BIIIIIII!l«llil«»ilHllBI 


De  La  Vergne 
Oil  Engines 


Type  FH  Oil  Engine 


Send  for  Bulletin  No.  132 


Have  been  developed  over  a  period  of 
twenty  years  in  the  United  States  to 
meet  American  conditions. 

Heavy  Mexican  crude  oil  with  sulphur  up  to 
3/^%  is  the  cheap  American  fuel. 

Specially  trained  operating  engineers  are  ex- 
pensive. The  De  La  Vergne  engine  has  been 
highly  developed  and  will  burn  this  cheap  fuel 
and  operate  with  only  ordinary  attention. 

We  guarantee  when  operating  at  three-quar- 
ters or  full  load  a  fuel  consumption  of  one-half 
pound  (y5  of  a  gallon)  per  Brake  Horse  Power 
Hour  of  any  commercial  fuel  or  crude  oil  pro- 
duced in  the  United  States  or  Mexico. 

The  economy,  the  ability  to  burn  the  heaviest 
fuels  and  the  simplicity  of  the  De  La  Vergne  en- 
gine make  it  the  ideal  source  of  power  for  fac- 
tory service,  electric  installations,  ice  plants  and 
isolated  stations  of  every  description. 

We  build  engines  from  I2  to  8oo  H.  P. 

As  many  as  eight  successive  orders  compris- 
ing forty-two  engines  in  ail,  have  been  placed 
by  a  single  customer  for  his  own  use — proof 
positive  of  satisfactory  service. 


De   La  Vergne   Machine   Company 

1123  E.  138th  Street  New  York  City 
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65  Years  in  the  Pump  Business 

Has  given  us  valuable  experience  in  solving  pumping  problems  of  every  kind.      This 
experience  is  at  the  disposal   of  engineers  when  planning   equipment   for  any  service. 

As  the  largest  manufacturer  of  pumps  for  every 
purpose,  we  are  in  a  unique  position  to  be  of  assist- 
ance to  you. 

We  have  issued  for  engineers  a  series  of  bulletins 
giving  complete  data  on  all  types  of  Goulds  Power 
Pumps. 

Send  for  a  complete  set. 


Goulds  Gas  Engine-driven  Triplex  Pump  In  the  Manchester, 
Mass..  city  water  works.  This  equipment  reduced  pumping 
costs  more  than  two-thirds  over  that  with  the  equipment 
previously  used. 


TU 


LAK^JEMT  IHIFl.o@lF 


[MlF(§o© 


W@m.  E¥ERY  gI^R¥I 


78  W.  FALL  ST.,  SENECA  FALLS,  N.  Y. 

BRANCHES   AND  AGENCIES   IN   PRINCIPAL   CITIES 


AIR  COMPRESSORS  and  QAS  COMPRESSORS 

EQUIPPED  WITH 

MESTA  AUTOMATIC  PLATE  VALVES 


(IVERSEN   PATENT) 


NO  VALVE  GEAR 


NO  ADJUSTMENTS 


MESTA  AUTOMATIC  PLATE  VALVES 
(IVERSEN  PATENT)  MAKE  POSSIBLE  MUCH 
HIGHER  PISTON  SPEEDS  THAN  WERE 
HERETOFORE  USED.  THEY  DO  IT  WITH 
INCREASED  ECONOMY  AND  RELIABILITY. 

THE  MESTA  MACHINE  COMPANY  IS 
EQUIPPING  EXISTING  COMPRESSORS  OF 
VARIOUS  MAKES  WITH  AUTOMATIC  PLATE 
VALVES  OR  WITH  NEW  AIR  HEADS  CON- 
TAINING THEM. 

Write  for  Bulletin  "iV" 

MESTA  MACHINE   COMPANY 

PITTSBURGH,  PA.,  U.  S.  A. 

WORKS:  MESTA  STATION,  P.  R.  R.,  WEST  HOMESTEAD,  PA. 

DESIGNERS  AND  BUILDERS  OF 

GAS  AND  STEAM  ENGINES,  ROLLING  MILL  MACHINERY,  FORGING  PRESSES.  CONDENSERS 


JtllHIIIIIffi 
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FULTON 

Oil  and  Steam  Engines 

Are  Backed  by  Our  Reputation  for  Reliability 
'* Sixty  Years  of  Successful  Manufacturing" 

We  build  our  machinery  complete  in  our  own  plant.  Long  ex- 
perience has  demonstrated  the  proper  materials  to  be  used  in  our 
castings  and  our  workmanship  is  of  the  highest  class. 

Fulton=Tosi  Oil  Engines,  Diesel  Type 

Fulton=Corliss,  Medium  and  High  Speed  Engines 

Write  for  Oil  Engine  Bulletin  "yl." 

FULTON  IRON  WORKS 


1259  Delaware 


ST.  LOUIS,  MO. 


Three  Basket  Type — Showing  Outlet 
and  One  Basket   Rr-moverl. 


(1)  Pressures  are  high        (2)     Sudden  overloads  occur 

(3)  Loads  are  higher 

(4)  Plants  require  a  constant  supply  of  cooling  water 

(5)  Tubes  become  scaled  more  rapidly 

These  conditions  demand  a  greater  insurance  for  safety,  high  econom\-, 
and  continuous  operation. 

For  continuous  operation  at  full  rating  condensers  must  have  a  constant 
supply  of  cooling  water.  A  Lagonda  Multiple  Water  Strainer  placed  in 
your  water  supply  main  will  collect  all  foreign  matter,  such  as  sticks,  ice, 
leaves,  etc.,  where  they  can  be  quickly  and  easily  removed,  and  prevent  their 
clogging  the  condensers  and  pumps. 

The  Lagonda  Cut-Off  Valve  automatically  cuts  out  boilers  in  which  a 
tube  has  ruptured  or  drawn,  and  thus  prevents  the  spreading  of  the  disturb- 
ance to  the  remainder  of  the  plant.  It  also  cuts  out  the  boiler  in  case  of  a 
header  rupture  or  troubles  beyond  the  boiler.  It  automatically  cuts  boilers 
into  the  line  when  at  the  proper  pressure  and  absolutely  prevents  the  turning 
of  steam  into  a  cold  boiler  when  it  is  down  for  cleaning  or  repairs. 

Weinland  Tube  Cleaners  are  made  for  all  conditions  and  drives.     They 

are  simple,  durable,  easily  and  quickly  repaired. 

Write  for  our  Bulletins 


.^^W- 


) 


lQui>.k  Re;  air  Il-ad.  W  . 


W>WK, 
BOSrOK  PMTLADCLPMIA. 

»T  LOUIS.  cHKjtca  ocmcft 


DALLAS. 
SANFTUNOSm 

nUJL  MOHTHUL  LONDON 


NOWADAYS 


I 
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THE   NASH  ENGINE 


years  tHe  leader 
in  Vertical  Gas 
Engine  Desig'n 


Specially  adapted  for 

Electric  Generation 
Water  Works 

and  high  grade 
Power  Plants 


National  Meter  Company 


CHICAGO 


NEW  YORK 


BOSTON 


HAMILTON  CORLISS 

Horizontal  Crank  and  Fly  Wheel  Pumping  Engines 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the 
annealed  steel  casting  decks  in  such  manner  that  the  flow  of  water  is  not  deflected 
in  all  directions,  as  is    necessarily  the    case   when    the    bee-hive    or   cage  system  is  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known 

and  are  sold  on  their   operating  record. 


Send  for  Bulletin  "F" 


THE  HOOVEN,  OWENS,   RENTSCHLER  CO. 


HAMILTON,  OHIO,  U.  S.  A. 


h  111  III  HI  III  HI  ■    I  in  II   1 1  HI  II   nil 
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THE  GARVIN  MACHINE  COMPANY 


Manufacturers  of 

MILLING  MACHINES 

Numerous  Styles  and  Sizes 

SCREW  MACHINES 

MONITOR  LATHES 

FORMING    MACHINES 

CAM  CUTTING 

MACHINES 

TAPPING  MACHINES 

SLOTTING  MACHINES 

DRILL  PRESSES 

CUTTER  GRINDERS 

DUPLEX  HORIZONTAL 

DRILLS 

HAND  LATHES 

SPRING  COILERS 

and 

SPECIAL  MACHINERY 


GARVIN  No.  2-A  Universal  Milling  Machine 

Autoniatic  Feeds  in  All  Directions 

Adjustments;  25  x  8  x  iS  in.    Use  Code — Animus 


OFFICE  AND  WORKS 
137  VARICK  ST. 
NEW  YORK  CITY 


Visitors  Welcome 


iiaiiiiiNiiaiiininiBiiiiiiiiBiiiniiiBiiii^^^^^ 
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The   Best  Steel 


obtainable  might  be  made  into  wire  which 
would  be  too  hard  and  brittle  to  make  a  good 
wire  rope. 

Or  the  wire  might  be  of  a  qu:iHt>-  that 
would  stand  all  tests  and  yet  make  a  poor  rope, 
because  of  lack  of  care  and  skill  in  stranding, 
or  because  of  an  improper  design. 

The  good  rope,  the  kind  which  wears  well 
and  gives  satisfactory  service,  is  made  from 
wire  of  uniform  quality,  stranded  together  in  a 
workmanlike  manner  in  accordance  with  de- 


signs, planned  in  the  light  of  experience  in 
manufacture  and  close  study  of  the  operation 
of  wire  rope  in  use. 

The  rope  that  bears  the  above  trade  mark 
is  known  wherever  wire  rope  is  used  as  one 
which  wears  well  and  gives  the  best  service  of 
which  wre  rope  is  capable. 

Such  a  reputation  is  not  an  accident  but 
the  natural  result  of  a  thorough  appreciation  of 
what  must  be  done  to  make  a  good  rope,  and 
the  necessary  facilities  for  doing  it. 


John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 
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Endless  Cable  Mine  Car  Hauls  and  Retarders 

FAIRMONT  Endless  Cable  Car  Haul 


Three  cars  per  minute 
on  a  13.26%  pitch  of  slope 
are  hauled  by  the  Marion 
Gas  Coal  Company  on 
their  Fairmont  Car  Haul 
shown  herewith.  This  Car 
Haul  is  450  feet  from 
center  to  center  of  sheaves 
and  all  the  equipment  is  on 
top  of  the  ground.  Almost 
entirely  automatic.  The 
dumper  can  stop  and  start 
haul  at  will,  and  be.«ides 
the  dumper  there  is  only 
one  other  man  required 
— at  foot  of  the  haul  lo 
uncouple  cars. 

In  Use  For 
Five  Years 

During  this  time  the  900 
foot  rope  has  not  stretched 
enough  to  make  respacing 
of  the  dogs  and  blocks 
necessary.     An  automatic 


spring  take-up  at  the  foot 
of  the  haul  has  taken  up 
all  the  slack,  which,  in 
this  case  amounted  to 
about  18  inches.  Sheaves 
of  large  diameter  bring 
the  wear  on  rope  down  to 
a  minimum. 

Safety 
Assured 

Even  on  the  steepest  in- 
cUne.  An  enclosed  Guide- 
way,  built  of  steel  angles 
and  channel  runs  the  full 
length  of  slope  and  around 
the  sheaves.  Double 
finger  automatic  dogs  and 
transmission  blocks  are 
spaced  on  the  rope  at  in- 
tervals to  engage  the 
pockets  in  the  sheaves. 
The  dogs  and  blocks  can- 
not got  out  of  guideway. 


If  you  are  interested  in  larger  hauling  capacity  with  fewer  men  and  at  lower  cost,  you  should  know  more  about  the  Fairmont  System. 

Write  Us  Today 

FAIRMONT   MINING   MACHINERY    CO.,  FAIRMONT,  W.  VA. 


MODEL  280,    Single  Range 
Portable  Voltmeter. 

(One-quarter  Size.) 


MODEL  280/TrlpIe  Range 
Portable  Volt-Ammeter. 

(One-ou.irrrr  Size.) 


WESTON 

Miniature  Precision  Instruments 
for  Direct  Current 

A  new  group  of  very  small  Indicating  Instruments 
COMPACT  — ACCURATE  — DURABLE— BEAUTIFUL 

PORTABLE 
Voltmeters,  Millivoltmeters,  Volt-Ammeters,  Ammeters,  Mil- 
Ammeters,   are  supplied  in  single,  double  and  tririle  rangus. 

The  triple  range  volt-ammeter  comprising  six  instruments   in 

one.      This  sroup  aI?o  includes   BATTERY  TESTERS. 

SWITCHBOARD 
Voltmeters      Volt = Ammeters     Ammeters      Mi  I -Ammeters 

This  new  line  of  instruments  represents  the  latest  development  of  the 
pivoted  moving  coil,  permanent  magnet  type  for  low  ranges. 

The  refinement  of  design  and  mechanical  work  in  them  has  been  carried 
to  a  degree  which  would  appear  to  be  almost  impossible  of  accomplishment, 
if  the  results  were  not  evident  in  the  instruments  themselves. 
They    embody   characteristics  which    have    made    the   well    known    Weston 

Standards  famous   throughout   the  world. 
They  are  accurate,  dead  beat  and  extremely  sensitive. 

They  may  be  left  continuously  in  circuit  at  full  load  without  injury  and  are 
shielded    against    the    external    electrical   and    magnetic  infiuences   of 
other  apparatus   in   their  vicinity. 
They  are  substantially  constructed    and  may    be  safely   sent  long  distances 
through  the  mails  and  will  withstand  an  extraordinary  amount  of  vibration  without  injury. 
They  have  the  longest  scale  ever  provided  in  instruments  with  equal  length  of  pointer. 
Each  model  has  been  thoroughly  tested  under  the  most  severe  conditions  of  service  and  in  experiments  extending  over  more 

than  one  year. 
The  portable  instruments  may  be  conveniently  carried  in  the  coat  pocket. 
The  prices  have  been  established  upon  so  low  a  scale  that  any  one  may  possess  one  or  more  of  these  remarkable  instruments 

at  moderate  cost. 
If  you  cannot  obtain  the  instruments  desired  from  your  dealer,  write  us. 

The  several  models  and  ranges  offer  a  selection  from  over   300   different   combinations,   listed   in   Bulletin   No.   8.      Will    be 
mailed  upon  request. 

WESTON  ELECTRICAL  INSTRUMENT  COMPANY,    ^'"SEwTR"K"''N^r''" 


MODEL  267,  Switchboard 
Ammeter. 

(One-quarter  Size) 


MODEL    268,    Switchboard 
Volt-Atnnieter.  Reads 

Amperes.  Press  Button  for 
Volts.    (One-quarler    Stze.) 


Stanley  Brnwn.  IH  Liberty  St.,  New 

YorkCiiy. 
Badt-W'estburg  Elec.  Co..  832    Mo- 

nadnock  block,  Chicago.  IlL 

F.  E.  Gilbert.  303-4  Hale  Bldg..  1326 

■  Chestnut  Street,  Philadelphia,  Pa. 

Geo.  H.  Moscman,    176  Federal  St., 

Boston.  ^LLSs. 


Mlltnn     MI!!,     915     Olive     St..     St. 

Loul3.  Mo. 
B.  K.  Sweeney  Electrical  Co..  2910 

Huron  St.,  Denver,  Colo. 
Frank  E.   Smith.    6S2    Mission    St.. 

San  Fruncl=;co.  Cal. 
S.  C.  Dinsmore.    1933    Dime    Bank 

Eld^..  DciD'it,  Mich. 


WnUer  P.  Ambos  Co..  1729  East  12th 

.St..  Cleveland.  Ohio. 
A.  H.  Winter  Joyner,  Ltd.,  76  Bay 

St.,  Toronto,  Canada. 
Weston   Instrument    Co.,    Ltd.,    Ge- 

neststras.se  5.  Schoneberg.  Berlin.    Caigary' 

Germany.  Weston 


R.  Petest.  415  Fourth  Nafl  Bank 
Bldg.,  Atlanta.  Ga. 


Edwin  Wortham.  Suite  2S,  Allison 
Building.  Sih  St.,  &  Main  St.. 
Richmond,  Va. 

Montreal      -^ 

WinrioeK      I 

Vancouver  f      Nortftffm  Elocfnc  Compa/ry 

Electrical  Instrument  Co., 
Audrey  House,  Ely  Place,  Hol- 
born.  L'nidi'ii.  E.  C. 
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Reduce  Costs  and  Promote  Factory  Efficiency 

Shaw  F.  T.  Electric  Monorail  System 


The  Shaw  "F-T"  Electric 
Monorail  System  is  DIF- 
FERENT. 

TIk  term  "F-T"  signifies  llic 
FIXED  TONGUE  in  the  track 
switch — no  moving  part — noth- 
ing to  set — no  open  ends. 

These  distinctive  features  of 
tlie  Shaw  Monorail  System  es- 
tablish thr  SAFETY  and  EF- 
FICIENCY of  the  overhead 
monorail  for  Factory  Trans- 
portation. 

SAFETY— Owing  to  the  ab- 
sence of  any  open  ends  in  the 
track  system,  derailments  are 
impossible  and  no  "safety  ap- 
pliances" arc  required. 


EFFICIENCY— Xo  time  is 
lost  at  the  switches — the  Shaw 
Monorail  Hoist  is  "dirigible" 
and  runs  through  the  switches 
without  stopping — the  operator 
in  the  cab  controls  the  route 
as  well  as  the  hoisting  and 
travel  motions. 

Heretofore  the  weak  point 
in  the  Overhead  Monorail  has 
lieen  the  track  switch,  but  with 
the  Shaw  System  the  Track 
Switch  is  an  advantage  instead 
'■f  a  draw-back. 

The  Shaw  "F-T' '  Monorail 
Hoist  is  built  with  the  ordinary 
single  lift  or  with  double 
lift  for  handling  long  material; 
also  for  Grab  Bucket  opera- 
tion. 


Send  for  Our   Illustrated  Bulletin  73-B 


MANNING,  MAXWELL  &  MOORE,  Inc. 

General  Offices,  119  W.  40th  St.,  New  York.  N.  Y. 

Shaw  Crane  Works:     Muskegon,  Mich. 


Ml 


^3 


Chicago.  III. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Detroit,  Mich 

I  III  III  mil  iiiiiniiiiiiiiiii  iiiiiniiiiui  iiiiiiiiiiiiiiiiiiiiiiwiiiiiiiiiiiM 


BRAN'CH  SALES  OFFICES: 
Boston,  Mass. 
Buffalo.  N.  Y. 
Milwaukee,  Wis. 
New  Haven,  Conn 


Philadelphia.  Pa. 
Pittsburg,  Pa. 
St.  Louis.  Mo. 
San  Francisco,   Cal. 

n  [i  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiii. 
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Accurate  Knowledge  of  Boiler 
Performance  of  Incalculable  Value 


u 


rail- 


W 


riiL  COCHRANE  METERING  HEATER  is  a  Cochrane 
Open  Feed  Water  Heater,  in  which  a  V-notch  weir  is  incor- 
porated.    It  therefore  both  meters  the  water  fed  to  the  boiler, 
,ind  gives  in  addition  all  the  advantages  of  a  first-class  open-feed 
water  heater.    By  reason  of  the  incorporation  of  the  weir  within  the 
heater  structure,  water  can  be    measured  accurately  at  any  tempera- 
ture, or  under  any  back  pressure,  and  the  combined  unit  occupies  less 
space  and  has  fewer  parts,  regulating  valves,  etc.,   than  would  be,  in- 
volved in  a  separate  meter  and  heater  installation. 

Cochrane  Metering  Heaters  are  supplied  for  engines  e.xhausting  against  back 
pressure  or  free  to  atmosphere,  and  also  with  the  Cochrane  Steam-Stack  and  Cut- 
Out  Valve,  for  purifying  exhaust  steam  passing  to  heating  or  drying  sy.stcms, 
low  pressure  turbines,  etc. 

Cochrane  Metering  Hot  Wells  and  Cochrane   Independent   Meters  are  in- 
stalled under  our  patents  in  connection  with  open  or  closed  feed  water  heat- 
ers already  installed,  or  to  meter  the  discharge  of  condenser  air  pumps,  etc. 

Accuracy  guaranteed  within  i}2%  of  absolute  weight. 

Send   for  pamphlets  "Precision  in  the  Measurement  of  Water' 
and  "Hot  \Vater  Meters  and  Their  Practical  Applications.' 

HARRISON  SAFETY  BOILER  WORKS 

3199  N.  17th    STREET 

PHILADELPHIA,    PA. 
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Reducing  the  Pay-Roil— 
improving  the  Product- 
increasing  the  Capacity— 


are  the  three  most  important  accomplishments  of  a 
Conveyer  System. 

In  these  days  of  manufacturing  retrenchment,  archi- 
tects and  engineers  are  alive  to  the  necessity  of  pro- 
viding the  best  and  simplest  means  for  reducing  time 
and  labor  in  manufacturing  processes.  Development 
in  gravity  and  power  conveying  devices  have  attracted 
wide  and  interested  attention,  and  all  promoters  of 
industrial  projects  are  giving  the  subject  thorough 
investigation. 

Be  prepared  to  specify  the  best  types  of  mechanical 
handling  machinery  by  securing  literature  illustrating 
and  describing  the  Mathews  line  of  Standard  Equip- 
ment—the oldest  and  best  known  in  America. 

GRAVITY  ROLLER  CONVEYERS 

GRAVITY  WHEEL  CONVEYERS 

AUTOMATIC  ELEVATORS 

GRAVITY  ROLLER  SPIRALS 

GRAVITY  SPIRAL  CHUTES 

POWER    PALLET   CONVEYERS,    Etc. 

[ATTENTION  OF  MECHANICAL  ENGINEERS | 
Cut  out  this  coupon,  attach  it  to  your  letter  head  ( 
and  we  will  rnail  our  full  set  of  catalogs  and  bulle-  ( 
tins  Illustrating  and  describing  the  Mathews  line) 
of  Standard  Equipment,  consisting  of  Gravity) 
Conveyers,  Automatic  Elevators,  Gravity  Roller  \ 
Spirals,  Gravity  Spiral  Chutes,  etc.  Sooner  or  \ 
later  you  will  have  use  for  the  information  given  ( 
in  our  literature.  } 


Mathews  Gravity  Roller  Carriers  and  Steel  Chutes  in  a  Biscuit  Factory 

We  have  branch  offices  in  all  leading  American  cities  with  com- 
petent engineers  in  charge.  Personal  assistance  given  to  architects 
and  engineers  in  working  out  handling  systems  for  their  clients. 
We  make  no  charge  for  this  service. 

Main  Office  and  Factory 

EllwoodCity,Pa. 


Branch  Factories; 
TORONTO,  ONT. 
LONDON.  ENG 
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Do  You  Know 

Your 

Temperatures? 

If  temperature  enters 
into  your  manufacturing 
processes,  jou  should  use 


TAGLIABUE 

Hohmann-type 
THERMOMETERS 


They  will  always  indi- 
cate your  temperatures 
accurately;  they  are 
built  to  withstand  the 
most  severe  strains ;  they 
are  made  to  fit  your 
special  purpose.  Made 
with  any  scale,  of  special 
stem  materials,  and  with 
particular  connections 
for  particular  applica- 
tions. 

Send  for  our  Codex 


ClxT.TAGLIABUE  MFG.CO?:!- 


TEMPERATURE   ENGINEERS 
18  to  88  Thirty-third  St.  Brooklyn,  N.  Y. 


JiJ 
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Water  as  hot  as 
exhaust  steam — cost  of 
upkeep  less  than  you'd  expect 
for  the  National 

Direct-Contact 
FEED  WATER  HEATER 

has  upward  filtration.     The  filter 

material  lasts  longer — it  cannot 

be  carried  to  the  pump. 

Catalog  No.  2 


The  National  Pipe  Bending  Co. 

New  Haven,  Conn.  ^^-67 
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FORTUNA 

Portable  Electric  Drills 


Why  Not  For  You? 

Over  25  years  of  actual  field  experience 
in  economically  handling  Coal  and  Ashes 
for  others,  is  our  bid  for  your  confidence. 

JEFFREY 
STANDARD  Equipments 

can  be  applied  to  all  types  and  sizes  of  power 

Plants. 

Sold  for  Bulletin  32-B 

JEFFREY  MFG.  CO.,  Columbus,  0. 


FOR 


Drilling,  Reaming  and  Tapping 


HAND  AND  BREAST  DRILLS 
HEAVY  SERVICE  DRILLS 

Ventilated  and  Watertight 


Fortuna  Machine  Company 


127  Duane  St. 


NEW  YORK    I 


rng  ■    r   "siiia  aa  ii  ni  ■iiuiiiiiii  ii 


HELICAL  GEARS 

are  eeneratecl  on  the  Gear 
Shaper  on  the  same  princi- 
ple as  spurs  and  internals. 
In  either  case  a  ground, 
generating  cutter  is  used, 
which  produces  extremely 
accurate  gears  at  low  cost. 

You  are  probably  familiar 
with  the  spur  machine. 
Write  for  circular  descrip- 
tive of  the  Helical  Gear 
Shaper. 

THE  FELLOWS  GEAR  SHAPER  CO. 

Springfield,  Vt. 


Yes,  they  LOOK 
about  alike  while 
they're  running 
but  they  don't 
SOUND      alike 


HOIIDB  I  I  III  I  II  I  1     I 


The  QUIET  drive  looks  like  this 
when  it's  not  running.  The 
pinion,  you  see,  is  New   Process 


Every  high  speed 
metal  gear  drive 
should  include  a  New 
Process  Pinion  to  do 
away  with  the  metal- 
he  noises,  to  prevent 
destructive  vibration 
and  to  prolong  life  of 
the  intermeshing  gear 
teeth. 

Ask  for  our  book 
"Noiseless  Gear 
Driving"  and  if  you 
want  advice  on  gear 
problems,  our  en- 
gineers will  help  you 
without  charge. 


NEW  PROCESS  IS  TO  ALL  OTHER  B4WH10E  AS  STEEL  IS  TO  IRON 


Wimr 


*Si 


11^ 


M  CORPQRATIO 

SYRACUSE.  N.Y 

CANADIAN  AGENTS:  Robert  Gardner  &  Son.  Ltd.,  Montreal         &s 


29 


Loss  in  Efficiency 

usually  more  than  offsets  any  attempted 
economy  in  equipment.  This  is  par- 
ticularly true  of  the  contractor  and  his 
hoists,  derricks,  blocks  and  cables: — 
because  the  speed  of  the  whole  job 
hinges  on  them. 

Hoisting  Equipment    of 

CLYDE  GRADE  cost  no  more 
than  other  first-class  equipment 
but  is  worth  more  because  its 
quahty  is  always  dependable. 

Send   for    Catalog    33   and  see 
the  line! 


~^^o\ill  find  a  Repeat- 
fflaprdGr  built  into  ever 
1  Hoist  of  ClvdeGra 


One  of  the  numerous  types  of 


o.  s. 

LOCOMOTIVE 

CRANES 


Cl-^*^DE.        IRON      \V^ORK.>S 


MANUFACTURIRS../ CLYDE-GRADE  HOIiTINO  MACHINERY 

Duluth.     Minnesota      U.S.A. 


Our  new  type  of  30- ton  crane  with  special 
equipment  of  pile  driver  leads  is  so  arranged 
that  the  boom  may  be  replaced  by  horizontal  trusses 
carr>'ing  steel  collapsible  leaders.  When  these  pile  driver 
leaders  are  lowered  to  the  horizontal  position  crane  is  in 
standard  clearance  of  15  feet. 

With  the  efficient  system  of  outriggers  provided  the 
crane  makes  a  very  serviceable  wrecker  having  capacity 
of  60  tons  at  short  radii.  Complete  locomotive  and 
freight  car  air  brake  equipment  is  supplied. 

Bulletin  No.  0  describes  many  other  types 

Orton  &  Steinbrenner  Co. 

Miin  Office    (  HIC\00,  ILL 


SPRAGUE.       ELECTRIC 

HOISTS 

Capacities     from      1-2     to     O     Tons 
Direct    and    A.Iternating    Current 


&' 


,:  ^    f^:,-..?  .- . 


Complete  information  upon  request 

Ask  for  Pamphlet  No.  90560 

SD  -n      A   r^   Jl  TT      ELECTRIC 
IT  rv. xTLVjt  \J  ML^   -works 

OF  GENERAL  ELECTRIC  COMPANY 

Main  Offices:     527-531  West  34th  Street 
NEW  YORK,  N.  Y. 

Branch     Offices     in      Principal     Cities 


6-Arm  Friction  Clutch  Coupllag 

FALLS  Transmission  Machinery  is  the  result 
of  a  generation  of  technical  research  for  ob- 
taining proper  efificiency.  Falls  Clutches  are 
dependable  with  minimum  frictional  losses. 

Full  and  complete  line  of 
Bearings,  Couplings,   Head  Shaft  Hangers, 
Floor  Stands,         Base  Plates,        Etc., 

Designed  for  service  and  durability. 

Our  Engineers  are  specialists  on  equipments  for  the 
economical  distribution  of  power,  and  are  always  at  your 
service. 

FALLS  CLUTCH  &  MACHINERY  COMPANY 

CUYAHOGA  FALLS,  OHIO 

(Branches) 

NEW  YORK  CITY  BOSTON.  MASS.  CINCINNATI.  O. 

206  Fulton  St.  54  Purchase  St.  208  Elm  St. 
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C.  H.  Wheeler  Condensers 

We  guarantee  our  apparatus  to  maintain  a  vacuum  as  close  to 

absolute  as  Is  commercially  possible,  and  with  the 

lowest  operating  and  maintenance  cost. 

The  C.  H.  WHEELER  "High  Efficiency"  System 
of  Steam  Auxiliaries  includes  : 

C.  H.  WHEELER  High  Transmission  Surface  Condensers, 

C.  H.  WHEELER  Counter  Current  Central  Barometric;  an1  High 
Vacuum  Low  Level  Jet  Condensers. 

C.  H.  WHEELER-PRATT  "ROTREX"  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-MULLAN  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-THYSSEN  Hydraulic  Entrainment  Type  High- 
Speed  Vacuum  Pumps. 

C.  H.  WHEELER  IMPROVED  Rotative  Dry  Vacuum  Pumps. 

C.  H.  WHEELER  Centrifugal  Pumping  Machinery,  all  capacities. 
Belt,  Engine,  Turbine  or  Motor  driven. 

C.  H.  WHEELER-PRATT  Water  Cooling  Apparatus,  Forced  and 
Natural  Draft  designs.  Sold  on  efficiency,  durability  and  low 
maintenance  guarantees. 

C.  H.  WHEELER  Improved  Closed  Feed  Water  Heaters  for  primary 
or  auxiliary  service. 

C.  H.  WHEELER  Vertical  Enclosed  Self-Lubricating  Engines. 

C.  H.  WHEELER  Atmospheric  Exhaust  Valves. 

Multiflex  Automatic  ReUef  Valves. 

Expansion  Joints. 

"  Everything  but  the   Turbine  " 

C.  H.  WHEELER  MANUFACTURING  CO. 

PHIUDELPHIA,  PENNA, 


New  York       Pittaburgh 
Boston             Cleveland 

BRANCHES 

Chicago          San  Francisco 
Cincinnati      Charlotte 

New  Orleans 
Honolulu  T.  H 

n             t\  n 

N                     M 

Reliable 


Efficient 


ALLIANCE 

Slab  Charging  Machines 

A   most   satisfactory   machine    for    charging 
and  drawing  slabs  from  15  to  20  tons.     Equip- 
!     ped  with  a  vertical  lifting  motion  and  an  end 
gripping  device. 

PITTSBURG      y^f /.'/i:,/ /lanilirdiumt^ /A,- Hirltlj /an/ctf  Cmna      NEW  VOBK 

r  I  i         <r*r  Ai,i/iA,^CE,  OHIO,  .         ^ 
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You    are    always    sure   of 

"finish"  on 

Doehier  Die-Castings 

Aluminum  and  white  metal  alloy  die-castings  come  from  the  moulds  with  a 
beautiful,  smooth  finish,  sufAcient  for  almost  all  uses  without  machining. 
If  desired,  parts  may  be  buffed,  polished  or  plated. 

The  first  sample  from  the  die.  made  exactly  to  your  specifications  to  the 
thousandth  part  of  an  inch,  is  submitted  for  your  o.k.  We  guarantee  to  deliver 
exact  duplicates  of  this  sample  when  approved,  in  any  quantity — one  hundred 
or  one  million      All  will  be  exactly  alike. 

Give  us  a  trial.  Our  large  plant  and  able  Engineering  Department  and  a 
large  force  of  skilled  die  makers  are  at  your  service.  You  will  be  surprised  at 
our  prompt  deliveries 


IiE^^  iB^^^nsi  & 


COURT  a  NINTH  STS. 

IP))  ms  io) 

BROOKLYN,  N.Y. 

Western  Plant:  E.  Woodruff  &  N.  12tli  Sts.,  Toledo.  Ohio. 


TEXACO  LUBRICANTS 

Whether  }ou  use,   make,  or  sell  power,  you 
must  employ  lubricants. 

The  care  with  which  you  select  them  influences 
the  efficiency  of  your  plant. 
The  care  with  which  we  have  selected  the 
Texaco  Lubricant  most  suited  to  each  pur- 
pose insures  the  utmost  in  lubricating  efficiency 
to  the  consumer. 

We  have  customers  operating  plants  of  all 
sizes  and  every  description,  who  are  dail}'  at- 
testing to  the  advisability  of  buying  oils 
under  the  Texaco  Red  Star  Green  "T"  trade- 
mark. 
Investigate.     It  will  benefit  us  both. 

The  Texas  Company 

Houston  New  York 

Department  M.  E.,  17  Battery  Place,   New  York 

Branch    Offices: 
Boston  Chicago  Atlanta  Dallas  Pueblo 

Philadelphia         Norfolk         New  Orleans       El  Paso      Tulsa 
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Brown  Pyrometers 


Are  used  for  measuring  temperatures 
from— 200°  to  +3600°  Fahrenheit. 
Over  4000  Brown  Electric  Pyrometers 
are  in  general  service,  under  the 
most  severe  conditions.  Our  56-page 
Catalogue     would    interest    you 


THE  BROWN  INSTRUMENT  CO. 

PHILADELPHIA,   PA. 

NEW  YORK  PITTSBURGH  CHICAQO 


SHEDITE 

Waterproof  and  Steamproof  Belting.    For 
every  drive   where  it's  damp  or    steamy 

AN  oak  tannud  belt  of  highest  quaUty,  with  all 
the  good  points  of  such  belting  and,  in  addi- 
■     tion,  the  special  value  of   being   absolutely 
impervious  to  moisture  or  steam.     It  will  give  the 
same  perfect  service  on  drives  in  wet  places  that 
our  Cocheco  Belting  will  give  in  dry  places. 

Shedite  is  not  an  experiment,  an  uncertainty.  It 
has  been  tested  out  for  a  number  of  years  and  we 
know  of  no  single  instance  where  it  has  failed;  to 
the  contrary,  we  have  scores  of  highly  compliment- 
ary letters  from  present  users,  copies  of  which  we 
will  be  glad  to  furnish  on  request. 
May  we  quote  you  ? 

I.  B.  Williams  &  Sons 

DOVER,  N.  H. 


'2  Mumy  St 
New  \ork 


14  15  N    Fnnk'in  =t 
Chicago   ni 


I"  '^ummer'^t 
Boston,  Mass 


One  of  the  largest  collections  of 
engineering  literature  in  the  world  is 
the  Engineering  Library  in  the  En- 
gineering Societies  Building,  29  West 
39th  Street,  New  York. 

It  comprises  65,000  volumes,  in- 
cluding many  rare  and  valuable  refer- 
ence works  not  readily  accessible  else- 
where. Over  700  technical  journals 
and  magazines  are  regularly  received, 
including  every  important  engineer- 
ing journal  in  the  world  in  the  me- 
chanical, electrical  and  mining  fields. 

The  library  is  open  from  9  a.m.  to 
9  p.m.,  with  trained  librarians  in  con- 
stant attendance.  Its  resources  are 
at  the  service  of  the  engineering  and 
scientific  public. 


High 

Quality 

Attractive 
Prices 

Prompt 
Service 


Our  22  years'  experience  in  the  pro- 
duction of  die-cast  parts  has  made  Frank- 
lin castings  standard  for  quality. 

Our  improved  methods  of  production 
make  competition  by  even  the  best- 
equipped  machine  shop  impossible. 

Our  facilities  for  prompt  service  mean 
much  to  the  users  of  die-castings. 

Write  for  Booklet  "D." 

Franklin  Manufacturing  Company 

404  South  Geddes  Street,  Syracube,  N  Y 

I  II  nil  I      I    I  I        I  I       I  II II 1    Hill  III  III  ■ 
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ELECTRIC  &  HAND  POWER  CRANES,  PORTABLE  ELECTRIC  &  MONORAIL  HOISTS 


ALFRED  BOX  &  CO.,  Philadelphia,  pa. 


SiiMiiiiiiii«!ii»iiiiiiiiiiiiiiiii«iii»iii«^^^^  I  iiiiifiBHjjiiiiuii  III  111  I  iiiBniiiiniiummwn' 


O.  K.    SPEED    REDUCING    TRANSMISSIONS 

G/VE    RESULTS     WHERE    OTHER    DRIVES  FAIL 

DESIGNED   FOR   HEAVY    DUTY   AND   CONTINUOUS   SERVICE 
A  HIGHLY  EFFICIENT   PLANETARY   TRANSMISSION 


O.  K. 
Send 


REDUCERS 
for  Bulletin  No.  4 


The   above  cut   represents  seven  Model  B  Speed   Reducing   Outfits:  ratio.   25.6:1;  Direct 
connected  to  General  Electric  Motors,  5  H.P.,  1 140  R.  P.  M.,  giving  a  driven  speed  of 
45  R.  P.  M.     Motors   and    reducers   are  mounted   on    cast    Iron    bedplates.     The    above 
'  ^^    outfits  operate  feed  driers  In  a  large  cereal  plant. 

ARE    MADE    IN    RATIOS   AS    HIGH    AS    1600:1    OR    MORE.      INVESTIGATE   BEFORE    DECIDING    ON    YOUR 

PLANT  EQUIPMENT 


D.  O.  JAMES  MFG.  CO.,  1122  W.  Monroe  Street,  Chicago 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  MILLWRIGHTS 


POWER  TRANSMISSION  MACHINERY 

DESIGNED,  FURNISHED  AND  ERECTED 


Friction  Clutch  Pulleys 
and  Couplings 


SPECIAL  MACHINERY 


IRON  CASTINGS 


Gears   of  all  kinds 
and  sizes 


WORKS:  ELIZABETHPORT 
NEW  JERSEY 


SALES  ROOM:  79  BARCLAY  ST. 
NEW  YORK  CITY 


Over 
50,000 
miles 
in  use 


Continuous  Rail  Joint 


\\  ebcr   Rail  Joint 


s  The  Rail  Joint  Company 

^  GENERAL  OFFICES:   185  Madison  Avenue,  New  York  City 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special 
Rail  Sections,  also  Girder,  Step  or  Compromise,  Frog  and  Switch, 
and  Insulated  Rail  Joints,  protected  by  Patents. 

Highest  Awards— Paris,  1900;  Buffalo,   1901;  St.  Louis,   1904. 
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Rolled 

from 

Best  Quality 

Steel 


W'olhaupter  Rail  Joint 


Catalog:  at  Agencies 


Boston,  Mass. 
(-hicago,  111. 
Denver,  Colo. 
Philadelphia,  Pa. 
Pittsburgh,  Pa. 
Portland,  Ore. 
St.  Louis,  Mo. 
Troy,  N.  Y. 


India  Bldg. 

Railway  Exchange  Bldg. 

Equitable  Bldg. 

Pennsylvania  Bldg. 

Oliver  Bldg. 

Wilcox  Bldg. 

Commonwealth  Trust  Bldg, 

Burden  Avenue 


Montreal,  Can. 
London,  E.  C„  Eng. 

U    U  lilH  Ullilli  lii     H 


Board  of  Trade  Bldg. 


36  New  Broad  St, 
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Set  Back  andpnimTrnQ 

LockedWheeluUUIllLnO 

are  absolutely  reliable  instruments  for    the    recording   of 
output  from  machines. 

In  their  design  special  attention  has  been  given  to  mailing  an 
instrument  which  will  operate  with  the  greatest  ease.  They  are  fur- 
nished with  the  following  forms  of  driving  mechanism:  Revolution, 
Direct  Drive  and  Rotary  Ratchet. 

Complete   catalogues    showing   over    25  different 
styles    of    counters     mailed     free    upon     request 

THE   VEEDER    MFG.    CO.,    Hartford,    Conn. 

16  Sargeant  St. 

Makers  oj  Cyclometers,  Odometers,  Tachometers,  Tachodomelers.  Counters 
and  Small  Die  Castings 


(Cut  Hall  size) 

The  "  Setback  Counter,"  illustrated  above,  is 
suitable  for  use  in  counting  separate  lots  of  work  on 
Punch  Presses,  Printing  Presses,  Looms,  Stamping 
Machines,  Duplicators,  Addressographs,  Mimeo- 
graphs, Coil  Winders,  Pumps,  Engines,  Screw 
Machines,  Type  Setting  Machinerjs  or  on  any 
machines  on  which  an  accurate  record  of  parts  made 
is  desired. 


Auburn   Ball  Thrust   Bearings 

Reduce  Wear  and  Tear,  and  Stop  Lost  Motion.    Write  today  about  your 
dlfflcultles  or  send  for  Bulletin  No.  12. 


Washers,  Races,  Discs  and  Rings 

of  tool  ateel,  hardened  and  ground,  made  to  customer's  speciflcatlona.    Our  excel- 
lent {acuities  Insure  high  grade  work .    Send  blue-print  s  ol  sizes  today  lor  Quotation . 


Steel,   Brass 
and 

Bronze  Balls 


tMS 


Auburn  Ball  Bearing  Co.,   20  Elizabeth  St.,  Rochester,  N.  Y. 
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CENTRIFUGAL  PUMPING  MACHINERY 

Morris  Machine  Works 

Baldwinsville,   N.  Y. 


HENION  &  HUBBELL,  Agents 
217-221  iN.  Jefferson  St.,  Chicago,  IQ. 


H.  A.  PAINE,  Agent 
Houston,  Tex. 


HARRIS  PUMP  &  SUPPLY  CO.,  Agents 
Pittsburgh,  Pa. 


Charlotte,  N.  C 


R.  D.  WOOD  &  CO. 


New  York  Office, 
39-41  Cortlandt  Street 


ENGINEERS 
IRON  FOUNDERS 
MACHINISTS 


PHILADELPHIA,  PA. 


BUILDERS  OF  Gas  Holders,  Single  and  Multiple  Lift;  Gas 
Plants;  Gas  Producer  Power  Plants;  Hydraulic  Presses  and 
Heavy  Hydraulic  Machinery;  Pumping  Engines,  Centrifugb.. 
Pumping  Plants;  Water  Works  Appliances;  Steel  Tanks;  Sugar 
House  Apparatus  ;  Heavy  Special  Machinery  ;  Theisen  Washers. 

MANUFACTURERS  OF  C.  I.  Pipe,  Gas  Works  Apparatus, 
Centrifugal  Pumps,  Hydraulic  Tools  of  all  description,  Hydrants 
and  Valves,  Gas  Producers. 
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E.KEELER  CO. 


U.S. A 


KST.Vlil.l.SIIEU  isi;i 
New  York  Rochester 


Philadelphia 

Cleveland 

Dallas 


Pittsburgh 

Chicago 

San  Francisco 


Keeler   Cross   Drum   Type 


■yHE  Cross  Drum  Boiler  was  designed  to  meet 
the  demand  for  a  liigh-grade  water  tube 
boiler  that  could  be  installed  in  office  buildings, 
school  houses,  apartment  houses,  hotels  and 
boiler  rooms  generally  where  ceiling  height  is 
limited  or  where  the  boiler  must  be  introduced 
through  restricted  openings. 

The  boiler  is  shipped  knocked  down,  and  can 
be  assembled  without  riveting,  is  of  all  wrought 
steel  construction,  and  is  built  in  units  of  from 
sixty  to  six  hundred  horse  power. 

In  use  by  U.  S.  Government. 

Ask  for  our  new  illustrated  catalogue 


Green  Chain   Grate    Stokers 

For  Water  Tube  and  Tubular  Boilers 

GREEN  ENGINEERING  CO. 

Stager  Building  Chicago,  111. 

Catalogue   "  G  " — Green  Chain  Grate  Stokers  for  free  burning  bituminous  coals. 
Catalogue   "L" — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue   No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 

Sent  on  application 


no  II  I  1 1 H  I  I 
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THE  BABCOCK  &  WILCOX  COMPANY 


85  LIBERTY  STREET,   NEW  YORK 


WATER  TUBE  STEAM   BOILERS 


STEAM  SUPERHEATERS 


MECHANICAL    STOKERS 


Works:  BARBERTON,  OHIO        BAYONNE,  N.J. 

BRANCH  OFFICES 


BOSTON.  35  Fediral  St. 

PITTSBURGH.  Farmers  Deposit  Bank  BIdg. 

SALT  LAKE  CITY,  313  Atlas  Block 

CLEVELAND.  New  England  Bldg. 

LOS  ANGELES,  American  Bank  Bldg. 


PHILADELPHIA.  North  American  Bldg. 
NEW  ORLEANS.  Shubert  Arcade 
CHICAGO.  Marquette  Bldg. 
PORTLAND,  ORE..  Wells-Fargo  Bldg. 
SEATTLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO,  99  First  Street 
DENVER.  435  Seventeentli  Street 
ATLANTA.  Candler  Bldg. 
HAVANA.  CUBA,  116J  CaUe  de  la  Habana 
CINCINNATI.  Traction  Bldg. 


I  mil  III      II 


POP    SAFETY    VALVES,     RELIEF     VALVES 
PRESSURE  AND  VACUUM  GAGES 

OF  BOTH  REGISTERING  AND  RECORDING  STYLES 

All  of  a  superior  quality  and  guaranteed  to  give  greatest  efficiency,  dur- 
ability and  perfect  satisfaction.  Backed  by  a  reputation  secured  in  42  years  of 
successful  business. 

Complete  Catalogue  mailed  upon  request. 

THE  ASHTON  VALVE  CO. 

Established  1871 

271  Franklin  St.,   BOSTON,  MASS. 

128  Liberty  St.,  NEW  YORK  174  N.  Market  St.,  CHICAGO 
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Oil-Burning  BECO 

STANDARD  SIZES  300  to  600   B.  H.  P. 


A  Model  of  Simplicity 

Free  from  all  valves  with  exception  of  a  small 
fuel  needle  \alve,  which  uncovers  an  opening 
into  the  cylinder  of  less  than  l/g  of  an  inch  in 
diameter.      Operates   on    the    Diesel    principle. 

Guaranteed  fuel  consumption  not  in  excess  of 
~}o  gallons  of  crude  or  refuse  oil  per  lOO  B. 
H."P.  hours. 

Let  us  send  you  descriptive  matter  cover- 
ing details  of  construction  and  operation. 

HERBERT  B.  RUST,    Sales  Agent 

14-22  Peck  St.,  Providence,   R.   I. 
THE  BROWN  ENGINE  CO.,  Fitchburg,  Mass. 
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DISTRIBUTION  VALVES  and  SUPERHEATED  STEAM 

Always  the  greatest  knowledge  and  skill  are  exercised  in  Designing  an  Engine  in  order  to 
secure  the  most  Efficient  and  Economical  use  of  the  Steam.  Do  not,  therefore,  Overlook 
the  Importance  of  Frictionless,  Steam-Tight  Distribution  Valves  which  remain  Steam- 
Tight  and  Frictionless. 

To  say  the  least,  it  is  not  wise  to  use  poorly  balanced,  leaky  valves  on  an  Engine  which 
has  otherwise  had  knowledge  and  skill  applied  in  its  designing. 

Put  it  up  to  Valve  Specialists. 

AMERICAN  BALANCE  VALVE  CO.,  Jersey  Shore, 


PENNA. 
U.S.A. 
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VALVE   SPECIALISTS   SINCE  1890 
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THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  pubhshed  on  this  subject  with  chapters  on : 

Action  of  Tool  and  its  Wear  in  Cutting  Metals  How  Long  Should  a  Tool  Run  Before  Regrinding 

How  Modern  High-Speed  Tools  Wear  Effect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

How  to  Make  and  Record  Experiments  Tool  Steel  and  its  Treatment 

Lip  and  Clearance  Angle  of  Tools  Theory  of  Hardening  Steel 

Forging  and  Grinding  Tools  Quality  of  Metal  to  be  Cut 

Pressure  of  the  Chip  upon  the  Tool  Line  or  Curve  of  Cutting  Edge 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water  Slide  Rules 

Chatter  of  Tools  Additional  Experiments  and  Investigations 

2d  Edition — without  discussion  (cloth) $3.00 

3d        "      —with  "  "      3.50 

3d        "      —    "  "  (half-morocco)    4.50 

PAGES  350  FOLDERS  24 

THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

29  WEST  39th  STREET,  NEW  YORK 
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PROFESSIONAL  CARDS                                       j 

' 

HOOPER-FALKENAU    ENGINEERING  CO. 

Industrial   Engineers  and   Architects 
Woolworth  Building,                       NEW  YORK  CITY 

ELECTRICAL  TESTING  LABOR.\TORIES,  Inc. 
Electrical  and  Mechanical  Laboratories 

Tests  of  Electrical  Machinery,  Apparatus  and  Supplies.         | 
Materials  of  Construction,  Coal,  Paper,  etc.     Inspection         • 
of  Material  and  Apparatus  at  Manufactories. 

80th  Street  and  East  End  Avenue,  NEW  YORK  CITY 

THE  ARNOLD  COMPANY 

Engineers— Constructors 
Electrical— Civil— Mechanical 

105  South  La  Salle  Street,  CHICAGO 

ELLIOTT  H.  WHITLOCK,  Member  A.  S.  M.  E. 
Consulting  Engineer                                Carbon  Expert         i 
Efficiency  Management                                    t 
1506  W.  Il2th  Street,                              CLEVELAND,  0. 

EUROPE 

ARTHUR  E.  ZUMPE 

of  the  firm  of  BRIESEN  &  ZUMPE 

Patent  Attorneys 

87  Nassau  Street                                         New  York,  N.  Y. 
is  going  abroad.      Will  entertain  any  proposition  where 
business  and  patent  serv-ices  are  required.     The  highest 
references.     All  conferences,  etc.,  confidential. 

CHAS.  T.  MAIN,  Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street.                           BOSTON,  MASS. 

CHAS.  H.  MANNING,  Member  A.  S.  M.  E. 
CHAS.    B.    MANNING. 
Consulting  Engineers 

886  Elm  Street,                            MANCHESTER,  N.  H. 

BERT.  L.  BALDWIN  &  CO. 
B.  L.  Baldwin,  G.  W.  Simpkinson,  Members  A.S.M.E. 

Plans,  Specifications  and  Superintendence  of  Manufac- 
turing Buildings,  Plants  and  Equipments  of  same. 
Perin  Building,  CINCINNATI,  OHIO 

ENGINEERING  SCHOOLS  AND  COLLEGES                     | 

NEW  YORK  UNIVERSITY  SCHOOL  OF  APPLIED 
SCIENCE 

Department  of  Civil,   Mechanical  and   Chemical   En- 
gineering. 

For  announcements  or  information,  address 
CHARLES  HENRY  SNOW,  Dean,  University  Heights, 
N.  Y.  CITY. 

THE  RENSSELAER  POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical,  Electrical  and  Chemical 
Engineering  and  General  Science  leading  to  the  degrees, 
C.  E.,  M.  E.,  Ch.  E.  and  B.  S.    Also  special  courses. 

Unsurpassed  laboratories. 

Catalogue  sent  upon  application   TROY,  N.  Y. 

The  rate  tor  insertion  of  announcements  of  Engineering 
Schools  and  Colleges  is  $3.00  per  month,  without  regard 
to  number  of  insertions.     Orders  are  accepted  on  a  "  till 
forbid"   basis,   subject   to  cancellation  at  any  time  by 
gi\ing  thirty  days'  notice.                                                                   B 

1 

POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

Course   in    Mechanical    Engineering.      Evening    Post- 
Graduate  Courses.    Fred.  W.  Atkinson,  Ph.  D.,  President; 
W.  p.  Ennis,  Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 

(■■■Si-  ■                       ■^ilillllililllllllllllMilllllBlllMl.m^^^^^                                                       IIIBBIJ.'liiiSrUI-Sli 

CRANE  FOR  SALE 


Manufactured  by  the  Northern  Engineering  Works  of  Detroit,  about  nine  years  ago.  Capacity  35  tons,  auxiliary  hoist  5 
tons.  Four  motor  drive,  main  hoist  motor  35  H.P.,  Au.xiliary  hoist  motor  10  H.P.,  bridge  travel  motor  22  H.P.,  side  travel 
motor  6J^  H.P.,  Span  33  ft.  2  ",  Lift  29  ft.  6",  Speed  of  main  hoist  10  ft.  per  minute,  speed  of  au.xiliary  hoist  20  ft.  per  minute, 
bridge  travel  200  ft.  per  minute,  trolley  travel  100  ft.  per  minute.  All  motors  General  Electric  make.  220  volts,  three  phase, 
60  cycle.  Crane  is  complete  with  a  slate  base  switchboard  and  the  entire  crane  is  in  strictly  first  class  operating  condition. 
Length  of  Span,  etc.,  could  be  altered  by  maker  at  Detroit  before  shipment.     Can  make  immediate  shipment. 


THE  EDISON  ILLUMINATING  COMPANY 


DETROIT,  MICHIGAN 


Only  Makers  of  "CUMBERLAND  GROUND"  Shafting 

Large  Stocks  Quick  Shipments 
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STEAM   ENGINES,  TURBINES   AND   BOILERS 


ALMY  WATER  TUBE  BOILER  CO.  providence  r  i 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river  steamers,  both 
propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey  Boilers  for  steamships  and  for  all 
kinds  of  stationary  work. 


Water  Tube 
Boilers 


THE  BABCOCK  &  WILCOX  COMPANY  ss  l.bert.  sxbekt  new  york 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


Water  Tube 
Boilers 


ERIE,  PA. 


BALL  ENGINE  COMPANY 

Builders  of  Ball  Single  A'alve  Automatic  and  High  Speed  Corliss  Engines  with  non-detaching  valve 
gear,  for  direct  connection,  or  belting  to  electric  generators. 

See  page  2  of  Condensed  Catalogues  of  M eehanical  Equipment,  1913  Volume. 


Steam 
Engines 


DE  LAVAL  STEAM  TURBINE  CO.  trenton.  n  j 

Steam  Turbines,  single  and  multi-stage,  for  all  services.  Centrifugal  Pumps,  single  and  multi-stage, 
for  all  capacities  and  all  heads.  Centrifugal  Blowers  and  Air  Compressors,  and  special  Centrifugal  Appa- 
ratus.    De  Laval  Speed-reduction  Gears. 


Steam 
Turbines 

Centrifugal 
Pumps 


edge  moor,  DELAWARE 


EDGE  MOOR  IRON  COMPANY 

Builders  of  the  Edge  Moor  Water  Tube  Boiler.  Especially  suitable  for  large  power  plants.  Steel 
construction,  straight  tubes,  all  hand  holes  elliptical,  unrestricted  circulation  which  permits  forcing 
fires   with  safety  and  economy. 

See  page  23  of  Condensed  Catalogues  of  Mechanical  Equipment ,  1913  Volume. 


Water  Tube 
Boilers 


ERIE  CITY  IRON  WORKS  erie  pa 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable,  open  bottom  port- 
able, vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City  "Lentz,"  four  valve,  enclo.sed  high 
speed,  automatic,  center  crank,  side  crank,  portable  and  Feed-Water  Heathers  from  25  to  GOO  h.p. 


Steam  Boilers 
and  Engines 

Feed-  Water 
Heaters 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 


HARRISBURG,  PA. 


Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and  Single  Valve,  Simple,  Tandem 
and  Cross  Compound. 


Steam 
Engines 


HEINE  SAFETY  BOILER  CO.  st  louis,  mo 

Heine  Safety  Water  Tube  Boilers,  Heine  Patent  Steam  Superheaters,  Steel  Stacks,  Housings,  Flues, 


etc. 


See  pages  24,  25  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Steam  Boilers 
Superheaters 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO.  hamhton  omo 

Manufacturers   of   Hamilton    CorUss  Engines,  Hamilton  High  Speed  CoHiss  Engines,  High  Duty 
Pumping  Engines,  Power  Pumps  and  Compressors,  Special  Heavy  Castings. 

See  pages  6,  7,  309  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Engines 
Pumps 
Compressors 
Castings 
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Boilers 


E.  KEELER  COMPANY  wiluamsport  pa 

Water  Tube,    Internal   Furnace  and  Return  Tubular  Boilers.     Self-Supporting  Stacks,  Feed  Water 
Heaters. 

See  ■page  27  of  Condensed  Calaloijnes  of  Mechanical  Equipment,  191.3  Volume. 


Engines 

Compressors 

Iloists 


NORDBERQ   MANUFACTURING  CO.  Milwaukee  wis 

Engineers,  Designers  and  Builder.s  of  High  Efficiency  Corliss  Engines,  T'niflow  Engines,  Poppet 
Valve  Engines,  Air  Compressors,  Blowing  Engines,  Steam  and  Electric  Hoi.sting  Engines,  Pumping 
Engines  and  Steam  Stamps. 

See  pages  8,  9  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Engines 

Centrifugal 
Pumps 

Special 
Machinery 


PROVIDEXCE.  R,  I. 


PROVIDENCE  ENGINEERING  WORKS 

Rice  and  Sargent  Corliss  Engines,  Providence  Centrifugal  Pumps,  Improved  Greene  Engines  and 
repair  parts.  Special  Machinery. 

.See  page  11  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volmne. 


Engines 

Refrigerating 
Machinery 


THE  VILTER  MFG.  CO. 


Established  1867 


1070-lOSS  Clinton  St..  MILWAUKEE.  WIS. 


Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct-Connected  Service, 
medium  or  high  speed.     Ice  and  Refrigeration  Machines. 


Papers  on 
Steam 

Engines  and 
Boilers 


PAPERS  PUBLISHED  BY  A.  .S.  M.  E. 

No.  11)71.  Influence  of  tlie  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price  SO. 10;  No.  922. 
Effect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price  -SO.  10;  No.  873.  Comparison  of 
Rules  for  Calculating  the  Strength  of  Steam  Boilers:  H.  de  B.  Parsons,  price  SO. 10;  No.  819.  Boiler  and 
Furnace  Efficiency:  R.  S.  Hale,  price  $0.30. 


OIL  AND  GAS  ENGINES  AND  GAS  PRODUCERS 


Oil  Engines 


THE  BROWN  ENGINE  CO. 


FITCHBURG.   MASS. 


Herbert  B.  Rust.  Agent 
14-22  Peck  St.,  Providence.  R.  I. 


Manufacturers  of  the  BECO  Oil-Burning  Engine.    Operates  on  the  Diesel  principle.    Standard  sizes 
300  to  600  B.H.P. 


Refrigerating 

and 

Ice  Making 

Machinery 

Oil  and  Gas 
Engines 


DE  LA  VERGNE  MACHINE  COMPANY 

Refrigerating  and  Ice  Making  Machinery,  5  to  000  tons  i 

:;ngines  75  to  2400  B.  H.  P. 

See  page  20  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


1123  E.  13STH  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  000  tons  capacity;  Oil  Engines  up  to  360  B.  H.  P.; 
Gas  Engines  75  to  2400  B.  H.  P. 


Steam 
Engines 

Oil  Engines 


FULTON  IRON 

WORKS 

ST. 

LOUIS 

.  MO. 

Manufacturers  of  Co 

rhss  and  Medium  Speed  Engines, 

Fulton 

-Tosi 

Oil  Engines 

Diesel  S> 

stem. 

Cane 

Sugar  Mills  and  Crushers 

Gas  Engines 
and  Producers 


NEW  YORK 

CHICAGO 

BOSTON 


NATIONAL  METER  COMPANY 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated  load  for  ten  consecutive  hours 
on  one  charge  of  fuel;  will  develop  a  B.  H.  P.  hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 
See  pages  IS,  19  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volwne. 
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THE  SMSTH  GAS  POWER  CO.  lexington,  omo 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure  tyjies.     Mechanically  Oper- 
ated Gas  Producers  in  large  units  for  power  and  heating  plants.    Tar  Extractors  and  Gas  CleaningPlants. 
See  page  22  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Gas  Producers 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


AMERICAN  BALANCE  VALVE  CO.  jersey  shore,  penna. 

W'e  make  Balanced  Slide  and  Piston  Valves  for  Manufactui"ers  of  Steam  Engines,  also  for  Old  Power 
Equipment,  from  Steam  Pump.s  to  Battleships.     Write  us. 

See  page  1.30  of  Condensed  Cnlnlngiies  of  Mechanicrd  Equipment,   1913   Volume. 


Valres 

Slide  and 

Piston 

Distribution 


AMERICAN  ENGINEERING  CO. 


Machinists  and  Founders.     Builders  of  the  Tavlor  Stoker. 


PHILADELI>HI.\ 


Stokers 


BOSTON.  M.^.SS. 

EsT-iBLISHF.D   ISol 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

Pressure  ani.1  Reconling  Gauges,  Engine  Room  Clocks  and  Coiniters  for  all  purposes.  Iron  and 
Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive  use.  The  American  Thompson 
Imjiroved  Indicator  with  new  improved  detent  motion.     The  American  Ideal  Steam  Trap. 

See  pages  110,   111   of  Condensed  Catalogues  of  AFeclianical  Equi/mient,   1913   Volume. 


Valves 

Gauges 

Indicators 


THE  ASHTON  VALVE  CO.  boston       new  york      cmc.w^o 

Makers  of  the  Ashton  Poji  Safety  Valves,  Water  Relief  Valves,  Blow  Off  Valves,  Pressure  and  \'aciuim 
Gages.  All  of  a  superior  quality  and  guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satis- 
faction. 


Valves 
Gages 


W.     N.     BEST  11  Bno.tDW.iY  new  YORK  CITY 

Apparatus  for  and  technical  infornuition  relative  to  all  forms  of  liquid  fuel  equipment. 


Oil  and  Tar 
Burners 

Furnaces 


W.\TERBURY,  CONN. 


THE  BRISTOL  COMPANY 

Bristol's  Recording  Pressure  and  \'acuum  Gauges.  Bristol's  Recording  Thermometers.  The  W'm. 
H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters,  Ammeters  and  Wattmeters.  Bristol's 
Recording  Water  Level  Gauges.    Bristol's  Time  Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


Recording 
Gauges  and 
Instruments 


THE    BROWN   INSTRUMENT  CO.  Est..b..sW  isgo        Philadelphia,  pa. 

Manufacturers  of  the  Brown  PjTometers,  the  first  to  be  manufactured  in  this  country,  and  having 
the  largest  sale  today.  Also  manufacturers  of  Thermometers,  Speed  Indicators  and  Recorders,  Voltmeters, 
Ammeters  and  kindred  instruments. 


Pyrometers 

Thermom- 
eters 

Tachomet-ers 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  Unnecessarv  Lo.sses  in  Firing  Fuel  Coal:  C.  R.  Weymouth,  price  S0.30;  No.  1213.  Fuel 
Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price  $0.20;  No.  1165.  The 
Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.  E.  Junge,  price  $0.40;  No.  1245.  Some 
Properties  of  Steam:  R.  C.  H.  Heck,  price  SO.IO. 


Papers  on 
Power  Plants 


-Iff 


V'enturi 
Meters 


BUILDERS  IRON  FOUNDRY  providence,  r  i 

Wiituri  Meters  for  cold  water,  hot  water,  brine,  chemicals,  air,  gas,  steam,  etc.;  Globe  Special  Cast- 
ings for  water  works;  Grinding  and  Polishing  Machinery. 

See  page  70  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volutnc. 


V'alces 


CHAPMAN  VALVE  MANUFACTURING  CO.  indian  orchard,  mass 

Boston     New  Vobk    St  Louia    Pittsbubgh    Chicago    Philadelphia    San  Francisco 

Bra.-:s  and  Iron  \alves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates.    Send  for  catalogue. 
See  page  76  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


Lubricators 
Grease  Cups 


CRESCENT  MANUFACTURING  CO. 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Greafe  Cups 


SCOTTDALE,  PA. 


Valve 
Specialties 

Steam  Traps 

Governors 


G.  M.  DAVIS  REGULATOR  CO.  new  yoT^^%°t. lc. 

Manufacturers  of  Pre.s.sure  Reducing  \'alves,   Back  Pressure  Valve,  Steam  Trap,   Exhaust  Relief 
\'alves,  Balanced  ^'alve,  Float  Valve,  Pump  Governor,  Boiler  Stop  and  Check  \'alves. 
See  pages  104,  10.")  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Condensing 
Plants 

Air  Filters 

Separators 

Steam  Traps 


PHILADELPHIA,  PA. 


GENERAL  CONDENSER  CO.  1250N  i.thst 

('(iniiilrtr  Condensing  Plants  fur  Ilijili  \'acuum;  Counter  Current,  Jet  and  Surface  Condensers,  Air 
Pumps,  Pumping  Outfits,  Re-Cooling  Plants.  Oil,  Air  and  Steam  Separators.  Combined  Oil  Separators 
and  Heaters.  Dry  and  Wet  Air  Filters.  Air  Extractors  for  Feed  Water  (''.-Virex'').  Return  and  Vacuum 
Steam  Traps. 


Stokers 

Pneumatic 

Ash 

Conveyors 


GREEN  ENGINEERING  CO.  steger  BciLmNc      cu ic.\uo.  ill. 

Green  Chain  Grate  Stokers  for  free  burning  and  coking  bituminous  coals.     GECO  Pneumatic  Ash 
Handling  Systems. 

See  pages  32,  33,  34  of  Condensed  Catcdogues  of  Michanical  Equi/iment,  1913  Volume. 


Fuel 
Economizers 

Mechanical 
I)  raft 

Engines 


THE  GREEN  FUEL  ECONOMIZER  CO.  matteawan  n  y 

Fuel  Economizers;   Waste  Air  Heaters;   Fans,  Blowers   and   Exhausters;   Engines;  Positivflow  Hut 
Blast  Heaters,  Drying  Equipments;  Heating  and  Ventilating  Equipments,  Mechanical  Draft  Installation-. 
See  pages  46,  47  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Feed-Water 
Heaters  and 
Purifiers 

Separators 

Metering 
Heaters 


HARRISON  SAFETY  BOILER  WORKS 


PHILADELPHIA.  PA. 


Cochrane  Feed  Water  Heaters,  Cochrane  Steam  and  Oil  Separators,  Sorge-Cochrane  Hot  Process 
Softening  Systems,  Cochrane  Multiport  Valves,  Cochrane  Metering  Heaters. 


Valves 


Works:  H0:MESTEAD.  PA. 
PITTSBURG,  PA. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Manufacturers  of  "Homestead  Valves."    Straightway,  Three-way  and  Four-way,  for  blow-off  or  fur 
highest  pressure  and  most  difficult  service  for  water,  air  or  steam.    Valves  unlike  all  others. 
.S'ce  page  82  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 

Steam  Traps 
Separators 
Regulators 


THE  HUGHSON  STEAM  SPECIALTY  CO.  Chicago  ill 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water.  The  best  and 
only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve.  Pump  Regulators,  Separators, 
Steam  Traps,  Automatic  Stop  and  Check  Valves.     Write  for  complete  catalogue 
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INGERSOLL=RAND  COMPANY  nBno.o..v      xewvork 

Air  Compressors,  twenty  standard  tyjies,  capacity  8  to  9000  cu.  ft.  per  minute;  "Little  David." 
"Crown"  and  "Imperial"  ii-ir  Hammers  and  Drills,  all  sizes  "Imperial"  Air  Motor  Hoists,  capacity  32  to 
5  tons. 

.See  pages  270,  277  nf  Comh  nscd  Catalogiicf!  of  Mccluiuical  Eqnipiiicnl.  101.3  Volume. 


Mr 
Compressors 

Air  Tools  and 
Hoists 


JENKINS  BROS. 


NEW  YORK  BOSTON 

PHILADELPHIA  CHICAGO 

Manufa*  turiTS  of  the  genuine  Jenkins  Bros.   Valves,  made  in  brass,  iron  body,  and  cast  steel,  in  a  variety  nf  typs, 

suitable  for  moderate,  medium  or  extra  heavy  vressures.    Als  >  a  line  of  high  grade  mechanical  rubber  goods  including  slrieei 

packing,  gasket  tubing  and  pump  valves.    Illustrat.-d  catal  igae  sent  on  reque-t. 

See  pages  84,  8.5  of  Condensed  Calnlogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 
Packing  Discs 


ROBERT  A.  KEASBEY  CO.  ^^  ^-  ^^°^^,  ,,,^^11^'  "^' 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia  Asbestos  and  Brine  Pipe 
Coverings,  Asbestos  Products,  etc. 

See  page  138  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


Magnesia 
Asbestos  and 
Brine  Pipe 
Coverings 


THE  LAGONDA  MFG.  CO. 


SPRINCIFIELD.   OHIO 


Makers  of  Weinland  Tube  Cleaner.^  Automatic  Cut-Off  Valves.  Reseating  Machines,  Huilcr  Tulie 
Cutters  and  Water  Strainers. 


Tube  Cleaners 

Cut-Otr  Valves 

Water 
Strainers 


THE 

LUDLOW  VALVE 

MFG. 

CO. 

TRO-S 

•.  N.  Y. 

Manufacturers  of  genuine  Ludlow  Gate  Va 
Valves.     Foot  Valves.     Sluice  Gates.     Indicator 

ves  for  all  purposes.     Special  Blow 
Posts.     Fire  Hydrants. 

-off  ^'alves. 

Check 

See 

pages  86,  87  of  Condensed  Catalogues  o 

f  Mecha 

nical  Equipment, 

1913 

Volume. 

Valves 

Blow-off 
Valves 

Fire  Hydrants 


CINCIN.V.4TI.  OHIO 


THE  LUNKENHEIMER  COMPANY 

Manufacturers  of  high-grade  engineering  s])ecialties,  compri.sing  Brass  and  Iron  Valves,  Whistles, 
Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups,  etc.,  adapted  to  the  requirements 
of  all  classes  of  machinery. 

See  pages  88-93  of  Condensed  Catrdogues  of  Mechanical  Equip7nent,  1913  Vohemc. 


Valves 

Injectors 

Lubricators 
Etc. 


MOREHEAD  MANUFACTURING   CO.  Detroit  mkh 

Return,  \on-Return,  Vacuum  and  Cimdenscr  Steam  Traps.  The  Morehead  Tilting  Steam  Trap  is 
the  original  design  of  lilting  trap,  having  been  on  the  market  for  a  quarter  of  a  century.  For  reliable  and 
satisfactory  service  this  type  of  trap  recommends  itself.     Illustrated  descriptive  catalog  sent  on  request. 

Sec  piges  112,   113  of  Condcn.'ied  Calalngues  of  Mechunical  Equipment,   1913   Volume. 


Steam  Traps 


THE     MURPHY    IRON     WORKS  Founded  1S7S        Inc.  1904        DETROIT.  MICH. 

Builders  of  The  Murphy  Automatic  Furnace.    The  best  Automatic  Furnace  that  thirty  years  practical 
experience  can  produce. 

Sec  pages  38,  39  of  Condcnse<l  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


Automatic 
Furnace 


NATIONAL  PIPE  BENDING  CO.  new  haven,  conn 

National  Feed-Water  Heaters,  National  Storage  Heaters,  National  Direct  Contact   Heaters   antl 
Purifiers,  National  Steam  and  Oil  Separators.    Coilu  and  Bends  of  Iron,  Brass  and  Copper  Pipe. 
Sec  pages  62,  63  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


Feed-Water 
Heaters  and 
Purifiers 

Separators 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  10S.5.  Performance  of  a  Superheater:  A.  Bement,  priceSO.lO;  No.  1070.  A  Twist  Drill  Dynamom- 
eter: H.  P.  Fairfield,  price  SO.IO;  No.  921.  The  Bursting  of  Small  Cast  Iron  Fly-Wheels:  C.  H.  Benjamin, 
inice  $0.20;  No.  1144.     Balancing  of  Pumping  Engines:  A.  F.  Nagle,  price  $0.10. 


Papers  on 
Power  Plant 
Specialties 
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Valves 


NELSON  VALVE  CO. 


Chestnut  Hill 


PHILADELPHIA.  PA. 


Maiiufacturor.s  of  liigli  grade  Bronze,  Iron  and  Steel  ^'alves  of  every  kind  for  every  purpose. 
Sie  page  94  of  Condensed  Catalogues  of  Mechanical  Equipment,   1!)1M   Volume. 


Governors 


THE  PICKERING  GOVERNOR  CO. 


PORTLAND.  CONN. 


Governor.s  for  Steam  Engines,  Turbines,  Gas  Engines.     Mechanical  Control  Power  Regulation. 

Sri-  piii/c   K!l  <)/  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Vuhone. 


Superheaters 


POWER  SPECIALTY  CO. 


Ill  Bro.vdw.w 


NEW  YORK 


The  Foster  Patent  Superheater  saves  feed  water,  condensing  water,  coal  and  boiler  power. 

See  page  45  of  Condensed  Catalogues  of  Mechanical  Eipiipinent,   1913  Volume. 


Valves 

Fire  Hydrants 


PRATT  &  CADV  COMPANY,  Inc. 


HARTFORD.   CONN. 


Br.\nches    .\t   Alb.vny.    B.yltlmohe.    Boston.    Chicago.    Detroit. 
Indi.\n.\polis.  New  Orle.\ns.  New  Yoi:k.  Phil.\delphia.  Pittsbdrg. 


Manufacturers  of  Brass,  Iron  and  Steel  Valves,  Fire  Hydrants,  Asbestos  Packed  Cocks. 
See  pages  96,  97  of  Condensed  Catalogues  of  Mechanical  Equipment.  1913  Volume. 


Water 
Softening 

Purifying  and 

Filtering 

Systems 


WM.  B.  SCAIFE  &  SONS  COMPANY 


221  FIR.ST  Ave. 
26  Cortl.\ndt  .St. 


PITTSBURGH.  PA. 
NEW  YORK 


WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering  Systems  for  boiler  feed  water 
:ind  all  industrial  and  domestic  purposes. 


Injectors 
Condensers 
Valves 
Engine  Stops 


PHILADELPHIA.  PA. 


SCHUTTE  &  KOERTING  CO.  1230-57  n  i2th  st 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  E.xhausters,  Pump  Primers,  Condensers,  Spray 
Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel-Stop,  Stop  Check,  Emergency 
Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam  Traps,  Feed  Water  Heaters,  etc. 


Soot  Cleaners 

Gas  .Analysis 
Instruments 

Tube  Cleaners 


G.  L. 

SIMONDS  &  CO. 

CHICAGO.  ILL 

The  Vulean  Soot 
for  CO2,  0,  CO,  etc., 
Tube  Cleaner,  Eclipse 

Cleaner  fur  Wat 
Hays  CO2  and 
Smoke  Indicati 

er  Tub 
Draft 
r. 

e  and  Tubul: 
Recorder;    H 

ir  Boilers;  Has's 
lys    Differential 

Gas 
Draft 

Analysis   Instruments 
Gage;    Dean    Boiler 

Steam 
Specialties 

Feed  Water 
Heaters 

Steam 
Separators 


Instruments 


THE  SIMS  COMPANY  erie.penna 

Designers  anil  Manufactuiirs  of  Steam  Specialties  and  Power  Plant  Appliances:  Closed  Feed  Water 
Heaters,  Open  Feed  Water  Heaters,  Hot  Water  Generator.-i-Convertors,  Laundry  Heaters,  Live  Steam 
and  Water  Mixers,  Exhaust  Heads,  Oil  Extractors,  Oil  Filters,  Compound  Feeders,  Garbage  and 
Refuse  Burners,  Tanks. 


C.  J.  TAGLIABUE  MFG.  CO. 


32   Thirty-third   St.  BROOKLYN.  N.  Y. 

Loral  Sales  Offices  in  Chicago  and  Sun  Franci.sco 

Maiuif:irturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Temperature  and  Pressure. 
ThernioMieters;  Automatic  Controllers;  Gages;  Oil  Testing  Instruments;  Engineers'  Testing  Sets,  Pyrom- 
eters, Barometers,  Hygrometers,  Hydrometers,  etc. 

See  Page  13'2  of  Condeii.-<rd  Catalogues  of  Mechanical  Equipmeid. 


Lubricating 

Oils 


THE  TEXAS  COMPANY  newyork        houstun 

Lubiicating  Oils  for  Power  Plants,  Central  Stations,   Machine  Shops,   Foundries  and  all  general 
purposes.    All  classes  of  Petroleum  Products  of  the  highest  quahty. 

See  jiage  142  if  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 
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WALWORTH  MANUFACTURING  CO. 


BOSTON,  MASS. 


Manufacturers  of  hish   grade   Brass,    Iron   and  Steel  Valves;    Power   Plant  Piping;  Screwed   and 
Flanged    Fittings;    Pipe    Fitter's    Tools;    Genuine  Stillson  Wrenches.  Parmelee   Wrenches,    Walco-Hex 


Wrenches. 


Valves 

Power  Plant 
Piping 

Wrenches 


Main  Office  anu  Wouks 
CARTERET.  N.J. 


WHEELER  CONDENSER  &  ENGINEERING  CO. 

Surface,  Jel  and  Haronictric  Conden.':;ers,  Combined  Surface  Condcn.sers  and  Feed  Water  Heaters, 
Cooling  Towers,  Etlwards  Air  Pumps,  Centrifugal  Pumps,  ]-{otative  Dry  Vacuum  Pumps  and  Multiple 
Effect  and  Evaporating  Machiner\-. 

See  par/e  60,  67  of  Condenned  Catalogues  of  Mechanical  Equipment,  191.3  Volume. 


Condensers 

Pitn^ps 

Cooling 
Towers 


C.  H.  WHEELER  MFG.  CO. 


PHILADELPHIA,  PA. 

NEW  VORK  BOSTON 

CHICAGO  S-^N  FRANCISCO 

Manufacturers  of  High  Vaciunn  Ajiparatus,  Condensers,   Air  Pumps,   Feed-Water  Heaters,  Water 
Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 

See  piigc  05  of  Condensnl  Ciiinliiiiiicx  of  Mechanical  Equipmcntj  1913   Volume. 


Condensers 

Cooling 
Towers 

Feed-Water 
Heaters 


PHILADELPHIA.  PA. 


YARNALL=WAR!NG  CO.  chesxnct  m.. 

Manufacturers  of  the  "Leu"  ^■-Xotch  Recording  Meter,  Simplex  Seatless    Blow-off  Valve  and  tlie 
Simplex  Pipe-Joint  Clamp.. 

Sec  pngc  9.^  of  Condensed  Ciilalogiies  of  Mechniiicnl  Equipment,   1913   Volume. 


Water  Meters 

Blow-off 

Valves 

Pipe-Joint 
Clamps 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY   CO.  ^Philadelphia,  pa 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in  larger  quantities 
than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light,  true  and  amply  strong  for  double  belts. 
ISO  stocks  carried  in  the  United  States. 

iSVc  ;)f;r7c.s  ]riS,  1.59  of  Condensed  Catalogues  of  Mechanicnl  Equipment,   1913  Volume. 


Pulleys 


AUBURN  BALL  BEARING  COMPANY  22  Eo^abeti,  .St.        Rochester,  n.  y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings,  Auburn  Special  Ball  Thrust  Bear- 
ings, Auburn  Steel,  Brass  and  Bronze  Balls,  Sohd  and  Hollow. 

See  page  161  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


Ball  Bearings 


THE  A.  &  F.  BROWN  CO.                                     -9  b...c....  s.. 

Manufacturers  of  Shafting,  Pulleys,  Hangers,  etc.,  for  Transmission  of  Power. 

Sec  pngc  14S  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 

NEW  YORK 

Shafting 

Pulleys 

Hangers 


DODGE  MANUFACTURING  COMPANY 


MISHAWAKA.  IXD. 


Everything  for  the  Mechanical  Transmission  of  Power,  Elevating  and  Conveying;  and  Water  Softeners. 
Write  for  "Power  Transmission  Engineering,"  the  most  complete  book  of  its  kind  published.  It  will  help 
you  in  your  specifications. 


Transmission 
Machinery 

Water 
Softeners 

Rope  Drives 

Conveyors 


THE  FAFNIR  BEARING  COMPANY 


NEW  BRITAIN.  CONN. 

Sales  Agents:  The  Rtiineland  Machine  Works  Co., 

HO  W.  42nd  St.  New  Y'ork  City 

High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest  standards  of  accuracy  in  the  world. 
Fafnir  Ball  Bearing  Hanger  Boxes  can  be  used  in  any  standard  hanger  frame. 


Ball  Bearings 
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Poller 

Transmission 

Appliances 


FALLS  CLUTCH  &  MACHINERY  CO.  clyahoga  falls  ohio 

Friction  Chitdi   Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves,  Floor  Stands,  Hea\'^'  Mill 
Bearings,  Shaft  CoupUngs,  Sheaves  and  Tension  Carriages,  Pulleys  and  Fly  Wheels. 
See  poye   149  of  Condi-uxed  Cntnloguvs  of  Mtchaiiicnl  Ecjuipmeid,   1013   Volume. 


Power 
Transm  ission 


THE    HILL   CLUTCH    COMPANY  Cleveland  ohio 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinerj'  for  belt,  rope  or  gear  driving, 
including  the  well  known  Hill  Friction  Clutches  and  Hill  Collar  Oiling  Bearings. 

.Sec  ;«';/<'  lot)  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Cut  (iearing 

Speed 

Ilcducing 

Transmissions 


D.  O.  JAMES  MANUFACTURING  CO. 


1120-22  W.  Monroe  St. 


CHICAGO 


Specialists  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm  gears,  rawhide  pinions,  racks, 
incased  worm  gear  reductions,  O'K  speed  reducing  transmissions  4:1  up  to  1600:1. 


Pinions  and 
Gears 


NEW  PROCESS  GEAR  CORPORATION 


SYRACUSE.  N.  Y. 


Manufacturers  of  New  Process  Noiseless  Pinions  and  aLso  of  accurately  cut  Metal  Gears  of  all  kinds. 


Pulleys 

Paper  Friction 
Transmission 


THE  ROCKWOOD  MANUFACTURING  CO.  ix'DlixiSous'ixD 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority.  You  will  find  our  booklets 
regarding  Transmission  of  Power  by  Belts  and  Friction  Transmission  desirable  additions  to  your  engineer- 
ing library.     Furni.shcd  free  to  members  upon  application. 


Power 
Transmission 

Roller 
Bearings 


ROYERSFORD  FOUNDRY  AND  MACHINE  CO. 


PHILADELPHIA.  PA 


Manufacturers  of  Power  Transmission  Machinerj'  and  Sells  Roller  Bearings. 

Sec  pages  16S.  1G9  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Leather 
Belting 


CHAS. 

Tanner 
is  of  two  kit 
Belting  for 

A.  SCHIEREN  COMPANY 

^— Belt  Manufacturers.     Output  100,000  Hides 
ids,  waterproof  and  steamproof,  and  is  used  for 
loavy  drives.     Schieren's  Royal  Extra  Belting 

per  year.    Schieren's 
all  belting  purposes, 
or  general  mill  work. 

NEW  YORK 

Duxbak  Leather  Belting 
Schieren's  Bull's  Head 

Leather 
Belting 

Lace  Leather 
and  Welting 


L.  B.  WILLIAMS  AND  SONS 


DOVER.  N.  H. 
New  Y'ork        Boston        Chicago 


Tanners  and  Manufacturers  of  Oak  Tanned  Leather  Belting,  Round  Belting,  Lace  Leather,  Belt 
Leather,  Welting,  Strapping,  Fini.shed  Oak  Shoulders,  Slabs,  Belhes,  Scrap  Leather. 


Poller 
Transmission 


T.  B.  WOOD'S  SONS  CO.  chamber.sburg,  pa. 

Modern  and  Approved  ApjJliances  for  the  transmission  of  Power.      Shafting,  Couplings,  Collars, 
Hangers,  Pulleys,  Belt  Tighteners,  Friction  Clutches,  Rope  Dri^dng  Equipments. 

.See  pages  154,  1.5.5  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Papers  on 

Power 

Transmission 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  127G.  Svmposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Robbins,  J.  Riddell 
and  discussion,  price  -SI. 10;  No.  1335.  Variable-speed  Power  Transmission:  G.  H.  Barrus  and  C.  M. 
Menly,  price  .?0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving:  S.  Haar,  price  S0.20;  No.  1230.  Trans- 
mission of  Power  by  Leather  Belting:  C.  G.  Barth,  price  SO. .50. 
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HOISTING  AND  CONVEYING  MACHINERY 


ALLIANCE,  OHIO 


ALLIANCE  MACHINE  CO. 

Makers  of  Allianoc  Cranes  of  all  types;  also  Rolling  Mil!  and  Hydraulic  Machinery,  Steam  Hammers, 
Punclies  and  Shears,  Scale  Cars,  Copper-Converting  Machinery,  etc. 

See  piige  199  of  Condensed  Catalogues  of  Meehajiical  E(jiiipiiie)it,   1913  Volmne. 


Cranes 

Steam 
Hammers 

Punches  and 

Shears 


ALFRED    BOX   AND  COMPANY  Philadelphia  i a 

Elcetric'and  Hand  Power  Cranes,  Portable  Electric  and  Monorail  Hoists,  Complete  Track  Systems. 


Cranes  and 
Hoists 


THE  BROWN  HOISTING  MACHINERY  CO. 


CLEVELAND.  0..  U  S.  A. 

NEW  YORK  6AN  FRANCISCO 

PITTSBURGH  CHICAGO 

Designers  and  Manufacturers  of  all  kinds  of  Hoisting  Machiner>'.  including  Locomotix-e  Cranes.  Electric  Travelers, 
I->ieam  Trolleys  Crabs.  Winches,  etc..  as  well  as  heavy  Huistmg  Machinery  of  all  descriptions.  Also  Ferr<jinclav.'  fjr  reinforced 
concrete  rojfing. 

Sec  page  201  of  Conrlenscd  Catalogues  of  Mechfinicil  EguipwcJit,   1913  Volume. 


Hoisting 
Machinery 


H.  W.  CALDWELL  &   SON  COMPANY  newyork        Chicago 

Elevating,  Conveying  and  Power  Transmitting  Macliinery.  Hclicoid  and  screw  conveyors,  machine 
molded  gears,  pulleys,  fly-wheels,  rope  sheaves  and  di'ives,  sprocket  wheels  and  chain,  buckets,  belting, 
shafting  and  bearings. 

See  page  1.S7  of  Condensed  Catalogues  of  Mechanical  Equipment,   101 :!   Vitliiiiu'. 


Conveyors 

Elevators 

Power 
Transmission 


CLYDE  IRON  WORKS 

DULUTH,  .MIXX. 

Hoisting  Engines  and  Derricks.    All  sizes  and  types  of  engines. 

.^Vc  page  204  of  Coude?iseil  Catalogues  of  Meehanical  Equipment 

1913   Volume. 

Hoisting 
Engines  and 
Derricks 


THE  EASTERN  MACHINERY  COMPANY 


new  haven,  conn. 


Manufacturers  of  Electric  and  Belt  Power  Pas.senger  and  Freight  Elevators,  Hoisting  Machines, 
Friction  Winding  Drums,  Friction  Clutches  and  Friction  Clutch  Pulleys. 


Elevators 

Friction 
Clutclies 

Pulleys 


THE  B.  F.  GOODRICH  CO.  aivron  omo 

Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife"  "Maxecon"  and  "Grainbelt" 
Conveyors  will  handle  more  tons  per  dollar  of  cost  than  any  other  belt  made. 

See  pages  146,  17.5  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Conveyor 
Beits 


WEST  XEW  BRIGHTON,  NEW  YORK 
Chicago        New  Y'ork  Citt        Washington,  D.  C. 


C.  W,  HUNT  CO.,  INC. 

Coal  Handling  and  Hoisting  Machinery,  Conveyors,  "Industrial"  Railways,  Automatic  Railways. 
Electric  Locomotives,  Storage  Battery  Industrial  Trucks,  Electric  and  Steam  Hoists,  "Stevedore" 
Manila  Rope. 

Sec  pages  202,  203  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Hoisting  and 

Conveying 

Macliinery 

Storage 
Battery 
Trucks 


THE  JEFFREY  MFG.  COMPANY  columbus  omo 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Handhng  Systems  for 
Power  Plants;  Screens,  Cru.shers,  Pulverizers,  Car  Hauls,  Coal  Tipples,  Coal  Washeries,  Locomotives,  Coal 
Cutters,  Drills,  etc.    Complete  Coal  Mine  Equipments. 


Elevating 

Conveying 

Mining 
Machinery 


4r, 


"~ 

Hoisting 
Engines 

Cableways 

Marine 
Irarisfers 

LIDGERWOOD  MFG.  CO.                                         9GL.nEHx.ST       newyork 

lloi^tiiijj;  Kngincs — .vtcain  and  electric,  for  every  use  of  the  contractor,  miner,  warehouseman,  rail- 
roads, shipowners,  etc.    Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cableways  for  hoisting  and  conveying, 
Marine  Transfer  for  coal  and  cargo  handling. 

Elevators  and 
Conveyors 

LINK=BELT  COMPANY                                             ''"'''^■^''FsSIaLpous'''''''-'' 

Elevators  and  Convejors  for  every  purpose;  all  accessories;  Power  Transmission  Machinery. 
The  Link-Belt  Silent  Chain  Drive,  Coal  Tipples,  Coal  A\'a.-heries,  Locomotive  Cranes,  etc. 
See  page  192  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume 

Gravity 
Carriers 

Conveyers 

Automatic 
Elevators 

MATHEWS  GRAVITY  CARRIER  CO.                             ellwood  city  pa 

i\Ian\ifacturers  of  Gravity  Carriers,  Conveyers,  Spirals,  Chutes,  and  Automatic  Elevators.    Engineer- 
ing Department  at  your  service. 

Cranes 

THE  MORGAN  ENGINEERING  CO.                                    alli.^nce  om.. 

.\n'  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world      ^\'e  also  design  and  build  Steel 
Planl.s  complete,  Hammers,  Presses,  Shears,  Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special 
Machinery. 

Locomotive 
Cranes 

Grab  Buckets 

Coal  Crushers 

ORTON  &  STEIN  BRENNER  CO.                                            chica(u,  i.. 

Manufacturers  of  IMaterial  Handling  Machinery:   Locomotive   and  Special  Cranes,  Elevating  and 
Conveying  Machinery,  Coal  Crusher.s,  Coal  and  Ore  Handling  Plants,  Automatic  Buckets,  Drag  Line 
Excavators. 

Roliins  Belt 
Conveyors 

ROBINS  CONVEYING  BELT  COMPANY                uv.n.uo.-     newyork 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of  conveying 
machinery.    It  is  successfully  and  economically  conveying  ore,  rock,  coal  and  similar  materials  under  the 
most  trymg  conditions  of  service.    Correspondence  invited. 

iSce  page  193  of  Condensed  Catalogues  of  Meciianicid  Equipment,   1913  Volume. 

Wire  Rope 

JOHN  A.  ROEBLING'S  SONS  COMPANY                           trenton  x  ., 

Manufacturers  of  Iron,  Steel  and  Copper  \A'ire  Rope,  and  \Mre  of  everj-  description. 
See  page  1S.5  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 

Cranes 

Mono-Rail 

Systems 

SHAW  ELECTRIC  CRANE  CO.                                         MrsiEGox.  mkh 

Address  119  \\'.  4Uth  St.   New  York,  {See  Manning,  Maxwell  ct  Moore,  Inc.) 

Electric  Traveling  Cranes  for  all  purposes.     Gantry  Cranes.      Wharf  Cranes  and  ^\'inches.     Mono- 
Rail  Systems. 

Cranes 
Hoists 

THE  TOLEDO  BRIDGE  &  CRANE  CO.                                toledo.  omo 

Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab  Bucket  Machinery;  Electric  and 
Hand  Power  Cranes,  all  types,  any  capacity;  Structural  Steel  for  Factory  Buildings. 

Elevating 

Conveying 

Power 

Transmitting 

Machinery 

THE  WEBSTER  M'F'G  COMPANY      i?;;:^^S.;^J^?^g3S^^;Si^°^^'^^^!^l^ 

Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all  purposes.    Over 
thirty  years'  ex[)erience  in  this  line  and  extensive  facilities  for  manufacturing  give  us  large  advantages. 
Belt  ('()nveyors  for  handling  cements,  ores,  sand,  gravel,  etc.    Coal  and  Ash  Handling  Systems  for  power 
jilanis  and  buildings.     Chain  belting      (rearing. 

__ 
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THE  YALE  &  TOWNE  MFG. 

Makers  of  the  Triplex  Block  and  Electric 
:i  lifting  capacity  of  from  H  to  20  tons;  Elect 

CO. 

Hoists, 
ric  Hoi> 

The 
t  in 

Triplex 
10  sizes, 

9  Easi 

Block  is 
M  to  16 

40th  St. 

made  in 
ons. 

14 

NEW 
sizes 

YORK 
,  witli 

Chain  Blocks 

Electric 
Hoists 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  1235.  Automatic  Feeders  for  Handling  IMateriul  in  Bulk:  C.  K.  Baldwin,  price  $0.10;  No.  1234. 
A  Unitiuc  Belt  Conveyor:  E.  C.  Soper,  price  SO. 10;  No.  KjOO.  Operating  Condition  of  Pa.ssenger  Elevators: 
R.  P.  Bolton,  price  •'50.20;  No.  1161.  A  Highspeed  Elevator,  C.  11.  Pratt,  price  .S0.40;  No.  S  52  X.  Me- 
chanical Handling  of  Freight:  .S.  B.  Fowler,  jjrice  $0.20. 


Papers  on 
Hoisting  and 
Conveying 
Machinery 


STEEL  WORKS  AND  ROLLING    MILL  EQUIPMENT 


MACKINTOSH,  HEMPHILL  &  CO. 

Engines,  single  and  compound,  Corliss  reversing  and  blowing, 
of  all  kinds.     Shears,  Punches,  Saws,  Coping  Machines. 


riTT.sru'Rcnt.  pa. 


Rolling  Mill  and  Hydraulic  Machinery 


Engines 

Rolling  Mill 
Machinery 


PITTSBURGH,  P.\. 
Works:  Mesta  Station,  P.  R.  R.,  W.  H(.niest.  ad,  Pu 


MESTA  MACHINE  CO. 

Blowing  Engines;  Rolhng  Mills;  Pickling  Machines;  Shears;  Forging  Presses;  Gas  and  Steam  Engines; 
Condensers;  Air  Compressors;  Power  Transmission  Machinery;  Steel  Castings;  Chilled,  Sand  and  Steel 
Rolls. 


Steel  Works 
and 

Rolling  Mill 
Equipment 


WEIMER   MACHINE   WORKS  COMPANY  Lebanon  pa 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Cinder  and  hot  metal  cars.  Furnace 
Bells  and  Hoppers.  Rolling  Mill  castings.  Special  attention  paid  to  quick  repair  work  and  work  governed 
by  Engineers'  specifications. 


Blast  Furnace 

Blowing 

Engines 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  SGS.  Some  Landmarks  in  the  History  of  the  Rolling  Mill:  C.  H.  Morgan,  price  SO. 20;  No.  1319. 
Pressure  Recording  Indicator  for  Punching  Machinery:  C.  C.  Anthonj',  price  $0.10;  No.  1322.  Power 
Forging,  with  special  Reference  to  Steam  Hydraulic  Forging  Presses:  B.  Gerdau  and  G.  Mesta,  price  .SO. 10. 


Papers  on 
Rolling  Mill 
Machinery 


FOUNDRY   EQUIPMENT 


INQERSOLL=RAND  COMPANY  u  broadwat      newyork 

"Crown"  Sand  Rammers,  floor  and  bench  types;  "Little  David,"  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  ]\Iotor  Hoists,  }^  to  5  tons  capacity;  Air  Compres.sors,  twenty  types,  capacity 
8  to  S!000  cu.  ft.  per  minute. 

Sec  pages  27(5,  277  nf  Condetised  Catalogues  of  Mcchnnicnl  Eqnipmeiil.  1013   Volitme. 


Sand 
Rammers 

Air  Tools  and 
Hoists 

Compressors 


MUMFORD  MOLDING  MACHINE  CO. 

Squeezing  Machines,  Hand  or  Power 
Jolt  Ramming  Machines,  Pneumatic  or  Electric 


20*5  Elston  .\ve. 


CHICAGO,  ILL. 


Split  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


See  page  216  of  Condensed  Calahgucs  of  Mechanical  Equipment,  1913   Volume. 


Foundry 
Molding 
Machine 
Equipment 
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MACHINE  SHOP   EQUIPMENT 


Special 
Machinery 


C.  H.  COWDREY  MACHINE  WORKS 

Contractors,  Builders  and  Designers  of  Speeial  Machinery. 


FITCH  Bl-RG.  MASS. 


Gear  Sliapers 


THE  FELLOWS  GEAR  SHARER  CO.  springfield  vt 

Manufacturers  of  Gear  Cutting   M:ichinery  of  the  Most  Advanced  Type.      In  the  Gear  Shaper 
System  a  generating  cutter  is  used  which  is  ground  after  it  has  been  hardened. 
Sec  page  23.5  of  Condeiinid  Catalogues  of  Mechanical  Equipment,   1913   VoIidhi. 


Portable 
Electric  Tools 


FORTUNA  MACHINE  CO. 


127  Du.\NE  St.  XEW  YORK 

Boston.  146  SLiniiiier  St. 
St.  Louis.  200  N.  3rd  St. 


Portable  Electric  Tools  for  Drilling,  Reaming,  Tupping,  Cirinding  and  Slotting. 


Milling 
Machines 


THE  GARVIN  MACHINE  COMPANY 


137  Varick  St.  NEW  YORK  CITY 


Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw  Machines,  Monitor 
Lathes,  Tapi)ing  Machines,  Duplex  Drill  Lathes,  Speeil  Lathes,  Cutter  Grinders,  Automatic  Chucks,  etc. 


Special 
Machinery 


THE  HARTFORD  SPECIAL  MACHINERY  CO.  hartford  conn 

Builders  of  High  Grade,  Accurate,  Special  Machinery',  Fixtures,  Jigs  and  Tools. 


drincling 
Macliinis 


THE  HEALD  MACHINE  COMPANY 

WORCESTER.  MASS. 

Manufacturers   of   Grinding  Machines.      Internal   Grinder.^, 

Cylinder   Grinders,  Surface   Grinders, 

Drill  Grinders. 

Air 
Compressors 

Mr  Tools 
and  Hoists 


INQERSOLL=RAND  COMPANY  iiDao.B.o       newyork 

Air  Compressors,  twenty  standard  types,  capacity  S  to  9000  cu.  ft.  per  minute:  "Little  David," 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Iraperial"  Air  Motor  Hoists,  capacity  l-i  to 
5  tons.  _  ' 

Sec  pages  27(i,  277  of  Condensed  Catalogues  of  Mccliiniicn!  Equipmenl,   1913   Volume. 


Turret  Lollies 


JONES  &  LAMSON  MACHINE  CO.  springfield  vt 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes  for  both  bar  and  chuck  work. 
Sec  pages  220-225  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Heavy  Duty 
Boring  Mills 


THE  KING  MACHINE  TOOL  CO. 


CIXCIN'X.iTI.  () 


Vertical   Turret    Machines,   28"   and   34".      Vertical   Boring   and   Turning   Machines,   42"   to  S4", 
inclusive. 
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THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
ally  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool, 
investigate  our  machines.     Catalogue  upon  request. 


CINCINNATI,  O. 

They  are  scientific- 
It  will  pay  yini  to 


Lathes 

Milling 
Machines 


MANNING,  MAXWELL  &  MOORE,  Inc. 


119  W.  40th  St. 


NEW  YORK 


Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the  world  and  cany  in  stock  the 
product  of  the  foremost  designers  of  the  many  branches  of  machine  tool  building  in  the  United  States. 


Machine  Tools 

Engineering 
Specialties 


THE  WARNER  &  SWASEY  COMPANY 


CLEVELAND,  OHIO 

Br.\nch  Offices; 

New  York  Cuic.\go  Detroit 

AVe  offer  a  most  complete  line  of  high-grade  Turret   Lathes  for  producing  work  accurately,  rapidly 
and  economically.     Our  catalog,  which  describes  these  machines  fully,  will  be  mailed  on  request. 
See  iKii/e  229  </  ('imiletimil  Catiilogiivx  of  l\l{chiinic(il  Eijuipiiicnt,   1913   Valume. 


Turret  Lathes 


WELLS    BROTHERS   COMPANY  Greenfield  mass 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting  Tools  and  Machinery. 


Taps  and  Dies 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belt-ing:  C.  G.  Barth,  price  $0.50;  No.  1313.  Milling 
Cutters  and  their  Efficiency :  A.  L.  DeLeeuw,  price  .S0..30;  No.  10S3.  Belt  Creep:  W.  W.  Bird,  price  SO.IO; 
No.  1291.    Symposium  on  High  Speed  Tools:  H.  L  Brackenbury,  and  Discussion,  price  SO. 70. 


Papers  on 
Machine  Shop 
Practice 


ELECTRICAL  APPARATUS 


SCHENECTADY,  X,  Y. 


GENERAL  ELECTRIC  COMPANY 

Generators,  motors,  Ciu'tis  steam  turbines,  switchboards,  transformers,  locomotives,  lighting  equip- 
ments, air  compres.sors,  electrically  heated  devices  for  industrial  purposes.  Largest  manufacturer  of 
electrical  apparatus  in  the  world. 

Sec  jKiyes  272,  273  of  Condensed  Catalogues  of  Mechanical  Eqiiipmenl,  1913  ]'nlu)iir. 


Electric  Drive 


SPRAGUE  ELECTRIC  WORKS 

527 

-5.31  w. 

3-iTH  St. 

NEW  YORK 

of  Gi-m-nil  El.-Clrir  Cu. 

Manufacturers  of  D.  C.  Generators,  Electric 

Motors, 

Electric 

Hoists 

Elect 

ric  Fans 

Conduits, 

Ar- 

mored  Cable,  Outlet  Boxes,  Armored  Hose. 

Generators 
Motors 
Hoists 
Fans 


WAGNER  ELECTRIC  MANUFACTURING  COMPANY        st  lohs  mo 

.'Singlr-Pha.se  Motors.  Polyphase  Motors.  Transformers,  Power  and  Pole  Type.  Listruments,  a 
complete  line.  A.  C.  Generators.  Converters  for  charging  vehicle  batteries  from  A.  C.  Rectifiers  for 
charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electric)  Equipments.  Automobile  Self 
Starters  (Electric),  etc. 


Dynamos 
Motors 
Transformers 
Instruments 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 


No.  472.    Electric  Power  Distribution:  H 
as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr., 
New  South  Station:  \\.  C.  Kerr,  price  $1.00;  No.  1043 
Power  Plant:  V.  L.  Raven,  price  .$0..3O. 


C.  Spaukling,  price  S0.20;  No.  4S.5.    The  Electric  Railway 

price  $0.10;  No.  S4.5.    The  Mechanical  Equipment  of  the 

Middlesborough  Dock  Electric  and  Hydraulic 


Papers  on 
Electrical 
Apparatus 
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Precision 
fnslritntcnis 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

NEWARK.  X.  J. 

Manufacturors  of  Miniature  Precision  Ini^trunient.s  for  Direct  Current. 

Over  yOO  ranges  and  types 

for  various  purposes. 

Papers  on 
Elect  rival 
Apparatus 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 


Xo.  472.     Electric  Power  Distribution :  II.  C.  .Spaulding,  price  S0.20;  No.  4S5.     The  Electric  Railway 
as  applied  to  Steam  Koads;  B.  J.  Da.shiell,  Jr.,  price  80.10;  \o.  845.     The  Mechanical  Equipment  of  the 


New  South  Station;  W.  C.  Kerr,  price  $1.00;  No.  1013. 
Power  Pl.-int;  V.  L.  Raven;  price  S().:',0. 


Middlesborough  Dock  Electric  and  Hydraulic 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


Air 
Compressors 

Tools 

Hoists  and 

Sand 

Rammers 


INGERSOLL=RAND  COMPANY  u  bko.dw.v      newyork 

Twenty  standard  Air  Compressor  types,  eajjacity  8  to  9000  eu.  ft.  per  minute;  "Little  David," 
"Crown"  and  "liriperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  }2  to  5  tons  capa- 
city; "Crown"  Sand  Rammers,  floor  and  bench  types. 

.See  jinges  270,  277  of  Coxrlinsnl  ('dialogues  of  Miclidiiicfil  Equipment,   1913   Volume. 


Papers  on  Air 
C  ompressors 
and 

Pneumatic 
Toots 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  l:j20.  Commerciul  Ai)|)!icatiun  of  the  Turbine  Turbo-Compressors:  R.  H,  Rice,  price,  SO. 30; 
No.  830.  Compre.ssion  and  Liquidification  of  Gas :  A.  L.  Rice,  price  $0.10;  No.  804.  A  Pneumatic  Despatch- 
tube  System  for  Rapid  Tran.sportation  of  Mails  in  Cities:  B.  C.  Batcheller,  price  80.30;  Xo.  1295.  The 
Development  of  the  Air  Brake:  (Presidential  Address)  G.  Westinghouse,  price  $0.20. 


BLOWERS,  FANS,  DRYERS,  ETC. 


)'acuiim 

Drying 

Apparatus 

Vacuum 
Pumps  and 
Condensers 


J.     P.     DEVINE     CO.  137-.  CU.TOX  St 

\acuum  Drying  Apparatus  (Passburg's  Patents),  Higli  Efficiency  Vacuum  Pumps 
Drying  experiments  with  various  materials  may  be  made  at  our  experimental  station. 
S)e  poge  302  of  Coiuhnsdl  CoUilogu( a  of  Mechnnicnl  Erjuipmciit,   1913   Volume. 


BUFFALO.  N.  Y. 
and  Condensers. 


Blowers 

Cias 
Exhausters 

Pumps 


P.  H.  &  F.  M.  ROOTS  CO. 


CO.WERSVILLE.  IXD. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum  cleaning,  for 
humdries.  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas  Exhausters.  High  Pressure 
Gas  Pumps.    Flexible  Couplings. 

Sec  /OTf/f.s  282,  283  of  Condensed  Calalogue.'t  o/  M(clieinicol  EtpiipmenI,  1913  Volume. 


Dn/ers 


RUGQLES=COLES  ENGINEERING  CO. 


McCORMICK  Bldg. 

Hudson  Termin.^l 


Dryers.     Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of  materials. 
See  page  301   o/  Condemned  Catalogues  of  Mechanicid  Eguipnicnl,   1913   Volume. 


CHICAGO 
NEW  YORK 


Fans 
Ulouers 
Economizers 
Engines 


HYDE  PARK.  MASS. 


B.  F.  STURTEVANT  COMPANY 

\Ve  make  e<iuii)nieiit  to  force  or  exhaust  air  imder  all  conditions.  Largest  standard  line  of  "ready  to 
deliver"  Eans  in  the  world  and  special  work  done  where  necessary.  Consulting  representatives  in  or  near 
your  city. 

Sec  pages  48,  49  of  Comlen.std  Catalogues  of  Mechanical  Eguipnicnl,  1913  Volume 
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PUMPS   AND   HYDRAULIC  TURBINES 


M.  T.  DAVIDSON  CO. 


43-53  Keap  St.  BROOKLYN.  \.  Y. 

New  York:  154  Nassau  St. 
Boston:  30  O.ivcr  St. 


High  grade  economical  Pumps  for  all  ?cr\-iccs.     Surface  and  Jet  Condensers. 


Pumps 
Condensers 


SENECA  FALLS.  N.  Y. 


THE  GOULDS  MANUFACTURING  COMPANY 

Manui^icturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supplj',  municipal  water-works, 
fine  protection,  hydraulic  elevators,  paper  and  puli)  mills,  boiler  fe-ed  pumps,- chemical  pump.s  and  air  com- 
pressors, rotary,  centrifugal  and  well  pumps  and  hand  pumps  of  every  kind. 

See  page  291  of  Condensed  Colrilof/nes  of  Mechanical  Equipment,  1913  Volume. 


Pumps 

Hydraulic 
Machinery 


HOLYOKE  MACHINE  COMPANY 


HOLYOKE,  JNL\SS 
WORCESTER.  MASS. 


Water  Wheels  witli  Connections  and  Complete  Power  Transmission,  Water  Wheel  Governors,  Gear- 
W  ood  Pulp  and  Paper  Machinery,  Pumps,  Hydraulic  Presses.    Special  iMachinery  to  order. 


Water  Wheels 

Wood  Pulp 
and  Paper 
Machinery 


J.  &  W.  JOLLY,  Inc.  holyoke.  m.\ss. 

McCorniick  Holyoke  Turbines  designed  to  suit  !\Iill  or  Hydro-Electric  Work.    Paper  jMill  IMachinery, 
Shafting,  Gearing,  Pulleys  and  Freight  Elevators. 

See  page  298  of  Coiideiisnl  Caldlngiiex  of  MieJianienl  E(jiii pmeiil,    1913    Yohnnc. 


Turbines 

Paper  Mill 
Machinery 


LAMMERT  &  MANN 


215-221  N.  Wood  St. 


CHICAGO.  ILL. 


Engineers  ami  JNIachinists. 

Manufacturers  of  Rotary  Vacuum  Pumps  for  highest  dry  vacuum,  Lead  Pumps,  Rotary  Blowers,  etc 


Vacuum 
Pumps 


I. 

p. 

MORRIS  COMPANY 

PHILADELPHFA.  PA. 

Speciahsts  in  the  design  and  construct 

on 

of  high  clas 

s,  high  effi( 

■iencj' 

Hj-draulic  Turbines. 

See 

page  299  of  Condensed  Catalogues 

of 

Meclumical 

Equipment 

,  1913 

Volume. 

Hydraulic 
Turbines 


BALDWINSVILLE.  X.  Y. 


MORRIS  MACHINE  WORKS 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Horizontal   Engines   and    Marine 
Engines. 

See  pages  292,  293  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Centrifugal 

Pumping 

Machinery 

Engines 


R.  D.  WOOD  &  COMPANY 


PHILADELPHIA.  PA. 

Eiiginefrs.  Iron  Foumlers.  Mafbinists: — BuiKlcTS  of  Ga3  Holders.  Gas  Plants.  Gas  Producer  Power  Plants.  Hydraulic 
Presses  and  Heavy  Hydraulic  Machinery.  Pumping  Engines.  Centrifugal  Pumping  Piant.s.  Water  Works  Appliances.  Steel  Tank--. 
Sugar  House  Apparatus.  Special  Machinery-.  Manufacturers  of  C.  I.  Pipe,  Gas  Works  Apparatus.  Centrifugal  Pumps.  Hydraulic 
Tools  of  all  description.  Hydrants  and  Valves,  Ga?  Producers. 

See  pages  296,  297  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volunu  . 


Gas  Holders 

Pumping 
Machinery 

Hydraulic 
Machinery 

Gas  Producers 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  3S1.  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Committee  Report, 
price  SO. 30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  S.  Nagle,  price  SO. 10;  Xo.  1110.  Development 
of  Water-wheel  Governor:  M.  A.  Replogle,  price  S0.20;  No.  1113.  Turbine  Design  as  iModified  for  Close 
Regulation:  G.  A.  Bovinger,  price  $0.10. 


Papers  on 
Pumps  and 
Hydraulic 
Turbines 
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ENGINEERING  MISCELLANY 


Aluniiniim 


ALUMINUM  COMPANY  OF  AMERICA 

Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubiiif;;  and  other  forms. 

Sic  piiije  267  iif  Condensed  Cntalocjms  of  Micluinind  Equiptnenl,   1913   Volumr. 


PITTSBURGH,  PA. 


Die-Castings 


DOEHLER  DIE=CASTING  CO. 


BROOKI.VX.  X.  Y. 


Our  nicthoils  and  processes  for  producing  Die-Castings  are  generally  conceded  to  be  the  most  reliable 
and  efficient  known.     Send  for  our  latest  booklet  "Successful  Die  Casting." 


Coal  Mine 
Equipments 
and  Supplies 


FAIRMONT  MINING  MACHINERY  CO. 


FAIKMONT.  W.  VA. 


Manufacturers  and  Jobbers  of  Coal  Mine  Equipments  and  Supplies:  Steel  Mine  Ties,  Car  Hauls,  Car 
Retanlers,  Self-Oiling  Wheels,  Power  Coal  Augers,  Box  Car  Loaders,  Portable  Mine  Pumps,  Mine  Fans. 


Die-Castings 


H.  H.  FRANKLIN  MFG.  COMPANY 


.syP.ACUSE.  N.  V 


Producers  of  Die-Cast  Parts.     Difficult   parts  completed  when  cast.     No  tooling.     Kngine  bearings 
a  specialty. 


Rait  Joints 


THE  RAIL  JOINT  COMPANY  iso  m.d.sos  ave       new  york  city 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special  Rail  Sections,  also  Girder,  Stei)  or 
Compromise,  Frog  and  Switch,  and  Insulated  Rail  Joints,  protected  by  patents. 
.Sec  page  209  of  Condensed  Catalogiues  of  Mechanical  Equipment,  1913  Volume. 


Heating 
Boilers 

Radiators 


THE  H.  B.  SMITH  CO. 

Sectional  C'ast  Iron  ^^'ater  Tube  and  Return  Flue  Boiler 
Steam  and  Water  Warming. 

See  page^  32(),  327  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume 


WESTFIEI.D.  MA.SS. 
Also  Direct  and  Indirect  Radiators  for 


Briijht 

Cold  Finished 

Steel  Bars 


UNION  DRAWN  STEEL  CO.  beaver  falls  pa 

Makers  of  Bright  Cold  Finisluxl  Bessemer,  Open  Hearth  Crucible  and  Alloy  Steels,  in  Rounds,  Flats, 
Squares,  Hexagons  and  Special  Shapes. 

Sec  pa-ge  263  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   ]'olunie. 


Odometers 
Tachometers 
Counters 
Die  Castings 


THE  VEEDER  M'F'G  CO.  hartford.  coxn 

Makers  of  Cyclometers,  Odometers,  Tachodometers,  Tachometers,  Counters  and  Fine  Die  Castings. 
.S'rc  page  329  of  Condensed  Catalogues  of  Mechan-iad  Equipment,   1913   Volume. 


Water 

Purifying 

Machinery 


scottdale.  pa. 


ELECTRIC  WATER  STERILIZER  CO. 

Manufacturers  of  Electrical  and  Mechanical  Water  Purifjnng  Machinery.  Our  Electric  Water  Steri- 
lizing Machine  is  both  economical  in  consumjition  of  electric  current  and  so  simple  that  any  one  of  aver- 
age intelligence  can  take  care  of  it.  Guaranteed  to  dehver  pure  water.  Capacities  of  stock  machines 
from  40  to  10(10  gallons  per  liour. 
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Papers    Presented   at    Past    Meetings 

of   the   Society 


SHOP    MANAGEMENT 

No.  Title  and  Author  Price 

449  Premium  Plan  of  Paying  for  Labor,   F.  A.  Halsey $   .20 

647  Piece  Rate  System,   Fred  W.  Ta\Ior 30 

928  Bonus  System  of  Rewarding  Labor,  H.  L.  Gantt 20 

looi  Machine  Shop  Problem,  C.   Day 20 

1002  Graphical  Daily  Balance  in  Manufacture,   H.  L.  Gantt ' 20 

1003  Shop  Management,   Fred  \V.  Taylor    (Paper)         90 

(Cloth)    ■ 1.50 

loio     Slide  Rules  for  the  Machine  Shop,  C.  G.   Barth 20 

loi  I     Modifying  System  of  Management,   H.   L.  Gantt 10 

1012     Is  Anything  the  Matter  with   Piece  Work,   F.   Richards     20 

122 1  Training  Workmen,  H.  L.  Gantt 20 

1326     Expense  Burden:    Its  Nature  and  Incidents,  S.  Bunnell 20 

1377  Axioms  Concerning  Manufacturing  Costs,  Henry  R.  Towne 20 

1378  Report  of  Sub-Committee  on  Administration  of  The  American  Society  of  Mechanical 

Engineers:    The  Present  State  of  the  Art  of  Industrial  Management 70 

CONVEYORS 

1403  Report  of  Committee  on  Hoisting  and  Conveying S    .10 

1235  Automatic  Feeders  for  Handling  Material  in  Bulk,  C.  K.  Baldwin 10 

1234  A  Unique  Belt  Conveyor,  E.  C.  Soper 10 

1222  Salt  Manufacture    (belt  conveyors),  Geo.  B.  Willcox 20 

1 194  Belt  Conveyors,  E.  J.  Haddock 10 

1193     Conveying  Machinery  in  a  Portland  Cement  Plant,  C.  J.  Tomlinson 10 

1 192     The  Bell  Conveyor,     C.  K.   Baldwin 20 

1 191     Continuous  Conveying  Machinery,  S.  B.  Peck 20 

1 190     Hoisting  and  Conveying  Machinery,  G.  E.  Titcomb     20 

1 195  Discussion  on  Papers  1194,   1193,   1192,   1191,   1190 30 

1404  Dynamic  Braking  for  Coal  and  Ore  Handling  Machinery,  C.  T.  Henderson 10 

1406     Cotton  Convening  Systems,   H.  A.  Burnham 10 

GEARS 

1415     Gears  for  Machine  Tool   Drives,  John  Parker $   .10 

1382     The  Strength  of  Gear  Teeth,  Guido  H.  Marx 50 

1371     Investigation  of  Efficiency  of  Worm  Gearing  for  Automobile  Transmission,  Wm.   H. 

Kenerson 20 

1330     Herringbone  Gears,   P.  C.  Day. 30 

1292a  Tooth  Gearing,  J.  D.  Steven    10 

1292b  Interchangeable  Inxolute  Gearing,  Wilfred   Lewis 10 

I292d  Discussion  on  Papers  1292a  and   1292b 10 

1219     Spur  Gearing  on   Heavy   Railway   Motor  Equipments,   Norman   Litchfield 20 

1218     Interchangeable  Involute  Gear  Tooth  Systems,   R.  E.   Flanders 30 

Majority  Report  of  Committee  on  Standards  for  Involute  Gears 10 

The  American   Society  of   Mechanical   Engineers 

29  West  39th  Street,  New  York 
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Somebody  Has  Been  Sell- 
ing Lace  Leather  That 
Doesn't  Measure  Up  — 

Possibly  you  have  been  taking  the  size  stamped  on  the 
side  as  authority  for  a  full  17  square  feet  or  so,  when  it 
actually  contains  only  15  square  feet. 

The  strangest  part  of  this  is  that  some  of  these  undersize 
sides  are  of  good  quality.  We  first  suspected  some  deceit 
when  we  found  quotations  for  these  sides  far  below  bed- 
rock prices.  So  we  are  going  to  let  you  in  on  our  own 
PRIVATE  AND  ACCURATE  method  of  measuring  a  side 
of  lace  leather,  devised  by  our  Mr.  E.  O.  Floyd. 

By  this  method  you  can  test  and  prove  the  measurements 
of  every  side  of  leather  you  buy,  whether  it  be  ours  or  some 
other  manufacturer's.  / 


f,/////,,/'^  ,  //y^y' . 


How  to  Measure  Lace  Leather 


Take  the  diagram  below  and  follow  these  in- 
structions. Lay  the  side  of  leather  flat  on  a 
table  with  the  straight  edge  toward  you.  Meas- 
ure from  notch  A  6  inches  to  point  B,  ne.xt 
measure  off  i  foot  from  point  B  to  C,  and  i  foot 
from  C  to  D,  D  to  E  and  so  on  to  the  end  of  the 
side.  Now  go  back  to  point  B  and  find  point 
BA,  which  must  be  square  across  (directly  op- 
posite) from  point  B.  Measure  from  BA  to  I 
and  take  half  of  this  measurement  on  the  tape 
line  (for  example,  B.\  to  I  is  i  foot  and  half  this 
is  6  inches).  In  this  instance  .start  from  the  six 
inch  mark  on  the  tape  line  and  measure  across 
from  point  B  to  B.A  (for  example,  3  feet);  from 

The  beauty  of  this  method  is  that  it  requires  no 
application  to  the  sides  you  buy  will  insure  full  sizes, 

Now  just  a  word  about  Gowanus  Lace  Leather; 


BA 


SCHIEREN  LACE  LEATHERS 


GOWANUS,  Rawhide 

GIANT,  Tanned 

DUXBAK,  Chrome  (Waterproof) 

.\bove  brands  are  put  up  in  neat  card 
board  boxes— 100  feet  to  the  box. 


the  3  foot  6  inch  mark,  on  the  tape,  measure 
from  C  to  CA,  and  continue  to  measure  across 
the  side  from  D  to  D.A.,  E  to  EA.  etc.,  carrying 
the  measurement  forward  on  the  tape  as  you 
proceed.  From  point  H  to  H.\  you  will  note 
there  is  a  notch.  Deduct  the  width  of  this  notch. 
If  point  G  is  i  foot  from  point  H,  simply  measure 
from  G  to  G.A  and  the  final  figures  on  the  tape 
line  will  be  the  exact  square  measurement  of  the 
side.  But,  if  point  G  is  less  than  I  foot  from  point 
H,  do  not  measure  G  to  G.\,  instead  measure  from 
H  to  G  and  take  one-quarter  of  this  distance,  which 
added  to  the  previous  figures  will  give  you  the 
square  measurement  of  the  side 
higher  mathematics.  .Anyone  can  use  it  and  its 
or  a  saving  of  from  60  cents  to  $1.00  a  side. 
This  is  a  rawhide  that  is  noted  for  its  great 
strength,  toughness  and  durability — and  it 
is  always  full  size.  We  don't  raise  the  size  a 
little  to  make  up  for  a  cut  in  price.  But  at 
double  its  price  Gowanus  would  be  worth 
more  to  you  than  ordinary  lace  leather,  be- 
cause it  saves  so  much  labor  and  time  of 
idle  machines  while  replacing  broken  laces. 


If  you  haven't  sold  or  used  Gowanus  Lace 
Leather  it  will  pay  you  to  write  or  wire  us 
now  for  prices.  We  sell  it  in  close  trimmed 
sides  and  in  strings  cut  to  width.  The  latter 
are  a  full  100  feet  to  the  bundle,  too. 


25  Ferry  Street 


New  York 


Chicago      -        I2S\V.  Kinzie  Street        Pittsburgh      -  205  Wood  Street 

Boston        641-643  Atlantic  Avenue       Denver      -      1752  Arapahoe  Street 

Philadelphia  -  226  North  3d  Street       Seattle  -       -      620  Fourth  Avenue 

Oak  Leather  Tanneries.  Bristol.  Tenn. 
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NEW  MEMBERS  AT  THE  ANNUAL 

MEETING 


npO  SECURE  ADMISSION  to  the  Society  in  time  to 
^  participate  at  the  Annual  Meeting  as  a  Member,  apphca- 
tions  should  be  filed  not  later  than  August  24.  Applications 
received  by  that  date  will  be  posted  in  the  September  Journal, 
considered  by  the  Membership  Committee  on  October  10, 
and  voted  upon  by  the  Council  by  letter-ballot  closing  No- 
vember 15.  Opportunity  will  be  had  therefore  to  qualify  by 
the  payment  of  initiation  fee  and  dues  prior  to  the  Annual 
Meeting  to  be  held  December  1-4. 

LISTINGS  IN  THE  1915  \TE.\R  BOOK 

All  those  who  act  in  accordance  with  the  foregoing  para- 
graph, will  be  included  in  the  List  of  Members  for  1915,  of 
which  at  least  20,000  copies  will  be  distributed. 

It  will  be  possible  also  to  include  in  the  1915  Year  Book 
all  those  who  file  applications  by  September  23,  provided  they 
promptly  comply  with  all  requirements.  Applications  re- 
ceived at  this  later  date,  however,  cannot  be  acted  upon  prior 
to  the  Annual  Meeting. 

The  members  of  the  Committee  on  Increase  of  Member- 
ship and  of  the  Sub- Committees  in  the  various  cities  listed 
below  will  be  glad  to  assist  in  the  preparation  of  applications 
or  will  supply  more  detailed  information. 

A  brochure  containing  a  description  of  new  features  and 
requirements  for  membership  has  been  issued  and  may  be 
had  upon  request. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

I.  E.  MouLTROp,  Chairman 

H.  V.  O.  CoES  R.  M.  Dixox  E.  B.  Katte 

F.  H.  CoLViN  W.  R.  Dunn  R.  B.  Shekidan 

J.  v.  v.  Colweu.  J.  P.  Ilslet  H.  Struckmann 

Chairmen  of  Sub-Committees 

Atlanta,  Pakk  A.  Dallis  New  York,  J.  A.  Kinkead 

Boston,  A.  L.  Williston  Philadelphia,  T.  C.  McBride 

Buffalo,  W.  H.  Carrier  Rochester,  J.  C.  P.\hker 

Chicago,  P.  A.  Poppenhusen  St.  Louis,  John  Hunter 

Cincinnati,  J.  T.  Faig  St.  Paul,  Max  Toltz 

Cleveland,  R.  B.  Shekidan  San  Francisco,  Thos.  Mokkin 

Detroit,  H.  W.  Alden  Seattle,  R.  M.  Dver 

Los  Angeles,  O.  J.  Root  Troy,  A.  E.  Cluett 

Total  Membership  of  the  Society,  July  SO,  1914 58S7 

New  Members  since  January  1,  1914 544 
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COMING  MEETLXGS  OF  THE  SOCIETY 

September  8,  San  Francisco,  Cal.  Subject:  Hydroelectric  Power 
Development  in  Conjunction  with  that  of  Domestic  Water  Supply. 

November  18,  New  Haven,  Conn.  Fall  meeting  with  after- 
noon and  evening  sessions,  Mason  Laboratory  of  Mechanical  En- 
gineering, Sheffield  Scientific  School,  Yale  University.  Subject: 
The  Generation  and  A])])lication  of  Electricity  in  Manufacturing. 

Annual  Meetincj,  December  1-4,  New  York  City.  There  will  be 
a  session  on  Engineering  Metals,  particularly  Steels  of  Construction 
and  for  Tools;  Cast  Irons;  and  Alloys  of  Copper,  Tin  and  Aluminum, 
etc.;  and  the  entire  day  on  Thursday,  December  3,  will  be  devoted 
to  the  general  subject  of  the  Engineer  in  Public  Service,  taking  up 
problems  in  municipal  engineering  which  are  of  interest  to  the 
mechanical  engineer.  The  sub-committees  on  Railroads  and  Ma- 
chine Shop  Practice  are  arranging  for  sessions,  and  there  will  un- 
doubtedly be  groups  of  papers  given  under  the  direction  of  other 
committees,  besides  one  session  at  which  several  important  miscel- 
laneous papers  will  be  read. 
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PUBLIC  SERVICE  AT  THE  ANNUAL  MEETING 

Some  years  ago  the  Constitution  of  the  Society  was 
amended  to  provide  for  a  Committee  on  Public  Rela- 
tions, to  have  charge  of  those  activities  of  the  Society 
which  include  service  to  the  jiublic  other  than  that 
rendered  directly  to  the  individual  members  and  to  the 
profession  as  a  whole. 

In  furtherance  of  this  idea  the  Public  Relations 
Committee  announces  that  Public  Service  has  been 
designated  by  the  Committee  on  Meetings  as  the  cen- 
tral theme  for  the  Annual  Meeting  in  December  1914. 
At  the  request  of  the  Committee,  the  Public  Relations 
Committee  has  taken  charge  of  the  program  for  Thurs- 
day, December  3,  and  it  will  be  devoted  to  papers  on 
municipal  engineering  and  related  matters.  The  ses- 
sion will  be  opened  by  John  Purroy  Mitchel,  Mayor  of 
the  City  of  New  Yoi-k,  and  the  following  papers,  among 
others,  will  be  presented  during  the  day,  according  to 
a  schedule  to  be  arranged  later : 

Snow  Removal,  a  Report  of  the  Committee  on  Resolu- 
tions of  the  Snow  Removal  Conference  held  in  Philadel- 
phia, April  16-17,  1914. 

Utilization  of  Municipal  Wastes,  by  Irwin  S.  Osborne, 
designer  and  operator  of  the  Columbus,  0.,  Garbage  Dis- 
posal Plant,  and  consulting  engineer  of  the  cities  of  Phila- 
delphia, New  York,  Washington,  D.C.,  and  Toronto, 
Canada. 

The  Training  of  Municipal  Ejiplotees,  by  H.  M. 
Waite,  City  Manager,  Dayton,  0. 

The  Cleaning  of  Public  Buildings,  by  Wm.  H.  Ball, 
Chief,  Bureau  of  City  Property,  Philadelphia. 

The  Future  of  the  Police  Arm,  by  Henry  Bruere,  City 
Chamberlain,  New  York  City,  and  Director  of  tlie  National 
Bureau  of  Municipal  Research. 

Controlling  Factors  in  Municipal  Engineering,  by 
Morris  L.  Cooke,  Director,  Dept.  of  Public  Works,  Phila- 
delphia. 

A  Study  of  Cleaning  Filter  Sands,  by  Sanford  E. 
Thompson,   Consulting  Engineer,  Newton   Highlands,  Mass. 

Municipal  Colleges  in  Germany,  by  Clyde  L.  King,  In- 
structor in  Political  Science,  University  of  Pennsylvania. 
Philadelphia. 

The  Design  and  Operation  of  the  Clevkiaxd  Munic- 


ipal Electric  Light  Plant,  Frederick  W.  Kallard,  Commis- 
sioner of  Lighting,  Dept.  ot  Public  Utilities,  Cleveland,  Ohio. 

This  program  only  suggests  the  scope  to  be  covered 
;md  furtlier  papers  from  our  membership  are  re- 
fiuested. 

The  Society  feels  that  it  has  a  great  opportunity  in 
welcoming  to  its  membership  the  growing  body  of  en- 
gineers who  are  now  engaged  in  putting  the  adminis- 
trative work  of  our  cities  on  an  engineering  basis. 
Branches  of  municipal  work  which  but  a  few  years  ago 
were  considered  as  having  no  engineering  significance 
have  assumed  such  proportions  and  are  conducted 
along  such  lines  as  make  imperative  the  employment 
of  technically  trained  men.  It  is  suggested  by  the 
Committee  that  this  is  an  opportune  time  to  present 
short  memoranda,  covering  not  more  than  two  pages, 
outlining  any  recent  changes  in  the  conduct  of  differ- 
ent kinds  of  municipal  work,  which  tend  to  put  them 
upon  an  engineering  basis  and  which  may  have  come 
under  the  observation  of  our  members. 

IMPORTANT   HEARING  ON   BOILER 
SPECIFICATIONS 

,  Attention  is  called  to  the  hearing  to  be  held  in  the 
rooms  of  the  Society  on  September  15  at  10  a.m.,  at 
which  arguments  and  suggestions  are  to  be  presented 
upon  the  proposed  report  of  the  Committee  to  Formu- 
late Standard  Specifications  for  the  Construction  of 
Steam  Boilers  and  other  Pressure  Vessels  and  for  Care 
of  Same  in  Sei-vice. 

This  report  promises  to  be  one  of  the  most  important 
ever  issued  by  the  Society.  A  large  number  of  copies 
of  a  tentative  draft  of  the  report  have  already  been 
sent  to  individual  engineers,  qualified  to  pass  judg- 
ment upon  it,  and  many  helpful  suggestions  have 
been  made.  At  the  hearing  in  September,  it  is  ex- 
pected that  accredited  representatives  of  a  number  of 
organizations  will  appear,  so  that  when  the  report 
finally  comes  up  for  discussion  at  the  Annual  Meeting, 
it  will  represent  the  concerted  efforts  of  many  able  en- 
gineers and  be  in  a  form  that  will  be  generally  accept- 
al)le  to  societies  interested  in  steam  boiler  construction. 


Ill 
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SOCIETY     AFFAIRS 


AN  OPPORTUMTY  FOR  WORK' 

It  is  only  oeeasioiially  tliat  we  have  an  opportunity 
to  discuss  together  wliat  we  as  a  Society  are  doing,  and 
I  am  glad  of  the  occasion  to  do  so. 

Membersliip  in  this  Society  should  have  as  its  pur- 
pose the  oj)portuuity  for  work  ratiier  than  any  per- 
sonal benefit  wliich  may  be  derived,  and  we  should  all 
have  an  increasing  sense  of  responsibility  and  piivilege 
to  render  service. 

All  our  committees,  -sucli  as  for  instance  the  Boiler 
Specifications  Committee,  whose  efforts  have  been  the 
subject  of  discussion  at  this  meeting,  are  doing  zeal- 
ous work,  and  such  effort  and  loyalty  to  their  profes- 
sion is  to  be  commended. 

The  committee  -whose  work  is  continually  being 
brought  before  you  is  the  Publication  Committee,  and 
they,  with  the  offiee  staff,  are  endeavoring  constantly 
to  make  our  publication  the  best  mechanical  engineer- 
ing paper  in  the  field.  This  means,  of  course,  a  great 
deal  of  effort  in  editorial  work  and  policy.  I  want  to 
touch  upon  a  point  of  controversy  which  has  arisen 
through  the  attempt  of  the  committee  and  the  Council 
to  direct  the  Society's  efforts  along  what  they  consider 
the  most  intelligent  line. 

Only  in  America  do  technical  societies  publisli  two 
sets  of  publications,  weekly  or  monthly  or  quarterly, 
and  at  the  end  of  the  year  a  bound  volume  in  addition. 
Eveiy  German  and  every  Frenchman  and  every  Eng- 
lishman saves  his  journals  as  a  matter  of  course  and 
has  them  bound  up,  if  he  wishes  them,  at  the  end  of 
the  year,  and  all  but  four  or  five  societies  in  America 
do  likewise.  We  are  one  of  those  four  or  five  extrava- 
gant societies  that  present  each  member  with  a  com- 
plete set  of  joui'nals  and  at  tlie  end  of  the  year  a  hand- 
some bound  volume  in  half  morocco.  The  Council, 
after  eonsidei-al)le  thought  on  the  matter,  felt  justified 
in  wishing  to  divert  the  money  spent  in  piling  up  such 
a  set  of  books  for  the  sentimental  satisfaction  involved, 
into  what  they  considered  more  useful  channels,  but  it 
has  not  worked  out  as  the  Council  and  Committee 
hoped.  This  evidently  has  not  been  properly  put  be- 
fore the  membership,  as  the  Publication  Committee  and 
the  Council  are  confident  the  membership  would  ap- 
prove. Some  of  the  other  uses  for  the  money  now- 
going  into  Transactions  would  be  such  work  as  the  ad- 
vancement of  committee  activities  siich  as  that  of  the 
Boiler  Speeifieations  Committee.  The  limited  edition 
of  the  code  w-hich  was  issued  for  pi-elimiuary  distribu- 
tion cost  $3000,  and  it  must  be  obvious  that  this  is  only 
a  beginning.  A  similar  amount  has  been  spent  by  the 
committee  niend)ers  themselves  in  their  zeal  to  carry 
the  work  through.  This  is  a  customary  thing  in  other 
societies,  to  have  the  membei-s  spend  their  own  money 
in  a  public  spirited  way  for  the  profession,  but  our 
ow-n  members  are  only  beginning  to  i-ealize  that  it  is  a 


'  Iti'marks  made  by  Calvin  W.  liioo.  Seori'tniy,  al   tlio  Spiiiif;  Moot- 
ing. St.  Paul.  Minneapolis,  1014. 


privilege  to  spend  their  own  money  and  their  own  time 
for  the  benefit  of  the  profession.  Mr.  Stott,  the  chair- 
man of  the  Flange  Committee,  has  spent  several  years' 
time  and  great  labor  and  expense  in  preparing  charts 
to  show  a  sj'stem  by  which  flanges  for  high-pressure 
pil)ing  may  be  designed,  and  have  some  continuity  of 
design.  Because  it  is  customary  for  the  Society  as 
such  to  pay  for  all  the  cost  of  committee  work  we  are 
constantly  pressed  for  funds. 

We  have  seventy-five  committees  in  the  Society  at 
work  in  different  ways,  and  the  Council  and  the  Pub- 
lication Committee  have  thought  that  the  $15,000 
which  it  costs  for  a  duplicate  set  of  publications  might 
more  wisely  be  spent  in  the  development  of  the  com- 
mittee work. 

We  are  also  developing  a  library  and  a  library  serv- 
ice, so  that  those  at  a  distance  may  derive  benefit  from 
the  best  technical  library  in  the  country.  This  is  being 
done  through  searches,  covering  references  to  current 
articles  upon  any  given  subject,  the  charge  for  which 
is  simply  the  actual  cost  of  the  labor  involved  in  pre- 
paring the  copy.  This  copy  can  be  supplied  either  in 
the  form  of  the  magazines  themselves,  purchased  by 
the  library,  or  ma.y  be  a  typewritten  transcription  or 
a  photographic  reproduction  of  the  articles. 

During  the  coming  Annual  Meeting  we  are  to  have 
an  entire  session  on  the  Relations  of  the  Engineer  to 
the  Public,  conducted  by  our  Committee  on  Public  Re- 
lations. ]\Ir.  Morris  L.  Cooke,  director  of  public  works 
at  Philadelphia,  has  been  instrumental  in  securing  the 
most  expert  men  available  in  the  country  to  speak  on 
subjects  pertaining  to  engineering  in  the  administra- 
tion of  a  city. 

This  Society,  with  four  others,  has  invited  over  350 
engineering  societies  of  the  world  to  come  to  America 
next  year  and  unite  with  us  in  our  celebration  of  the 
great  engineering  achievement,  the  completion  of  the 
Panama  Canal,  and  over  175  of  these  have  accepted. 
We  were  royally  entertained  in  Germany  last  summer, 
not  only  by  the  "\'erein,  but  by  Germany  as  a  nation 
and  by  the  various  municipalities,  as  no  society  has 
ever  been  entertained  before.  Before  that,  in  1910,  we 
were  shown  exceptional  courtesies  in  England,  and 
further  back  still,  France  was  our  host,  so  that  we  owe 
these  foreign  engineers  the  best  w-e  can  give  them.  We 
have  formed  a  joint  reception  committee,  and  Dr.  Alex. 
C.  Humphreys  and  Mr.  Walter  M.  McFarland  ai*e  re- 
spectively its  general  chairman  and  vice-chairman. 
This  committee  will  need  the  cooperation  of  all  our 
membership  wherever  they  are  situated  in  showing 
these  engineers  the  hospitality  of  the  various  cities  and 
extending  to  them  the  welcome  of  the  profession.  All 
these  things  mean  participation  in  a  large  way  in  the 
affairs  of  tlie  nation  and  the  occupation  of  the  place 
whicli  we,  as  engineers,  are  striving  to  attain,  namely, 
the  position  of  national  influence.  I  want  to  say 
that  our  Society  is  doing  things  all  tlie  time,  and  that 
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it  is  a  good  fSociety  to  be  a  member  of.  But  I  wish  to 
empliasize  that  our  position  as  engineers  individually, 
as  a  Society,  or  as  a  profession,  will  be  in  direct  pro- 
portion to  the  service  which  we  render  to  the  commu- 
nity in  which  we  live,  to  the  profession  of  which  we 
arc  a  Society,  and  to  our  great  country  of  which  we 
are  citizens. 

Calvin  W.  Rice,  Secretary. 

A  CALL  FOR  SPEAKERS 

An  invitation  is  extended  to  the  members  of  the 
Society  to  volunteer  their  services  to  address  the 
Student  Branches  during  the  coming  season.  Thirty- 
two  of  the  leading  colleges  and  technical  schools  of  the 
country  at  present  have  associations  which  are  affili- 
ated with  the  Society  and  hold  stated  meetings  under 
its  jurisdiction.  Most  of  the  branches  hold  monthly 
meetings  from  October  to  May,  and  it  is  customary  to 
have  experts  in  various  lines  of  engineering  and  indus- 
trial activity  give  talks  or  lectures  at  these  meetings 
on  some  subject  of  current  interest. 

The  Society  undertakes  to  assist  in  the  preparation 
of  programs  for  each  of  its  Student  Branches  and  the 
rapid  growth  in  the  number  of  branches  in  the  past 
few  years  makes  it  increasingly  difficult  to  locate  a 
sufficient  nixmber  of  speakers. 

A  generous  response  from  the  members  to  the  invita- 
tion is  anticipated,  and  it  is  requested  that  those  who 
reply  indicate  the  topics  with  which  they  are  most 
familiar.  Programs  are  already  being  formulated  and 
a  prompt  response  is  therefore  solicited.  Members 
wishing  to  volunteer  their  services  should  communicate 
with  the  Secretary. 

INTERNATIONAL  ELECTRICAL  CONGRESS 

The  purpose  of  the  forthcoming  International  Elec- 
trical Congress  in  San  Francisco  in  1915  is  twofold : 
the  bringing  together  of  a  large  and  representative 
body  of  electrical  engineers  from  all  over  the  world, 
who  shall  find  interest  and  inspiration  in  the  Congress ; 
and  the  erecting  in  its  published  transactions  of  a 
notable  milestone  of  electrical  engineering  progress 
and  development  as  a  permanent  record  of  contem- 
poraneous electrochemical  achievement.  These  pub- 
lished transactions  will  be  available  to  members  of  the 
Congress  at  such  a  low  price  that  either  in  part  or  as 
complete  sets  they  will  be  within  reach  of  all.  Those 
who  may  be  unable  to  attend  the  Congress  may  find 
a  large  measure  of  participation  through  possession  of 
the  transactions. 

The  meetings  will  be  divided  into  twelve  sections 
and  there  will  probably  be  thirteen  volumes  in  the 
complete  set  of  its  transactions,  as  follows : 

(1)   Generation,  Transmission  and  Distribution 

Central  station   and   substation   desian,   control   and 


oijeration.  Long  distance  transmission  of  electric 
power. 

(2)  Apparatus  Design 

Generators,  motors  and  transformers.  The  rating 
of  machinery. 

(3)  Electric  Traction  and  Transportation 

City,  surface  and  rapid  transit  railways;  interurban 
and  trunk  lines;  electric  vehicles,  ship  propulsion, 
mining  railways,  elevators,  and  hoists. 

(4)  Electric  Power  for  Industrial  and  Domestic  Use 

Factories,  mills,  refrigeration,  heating  devices,  etc. 

(5)  Lighting  and  Illumination 

Are  and  incandescent  lighting;  the  science  and  art 
of  illumination. 

(6)  Protective  Devices;  Transients 

Switches,  circuit  breakers;  condensei's;  electro- 
statics; disruptive  phenomena;  high-frequency  phe- 
nomena. 

(7)  Electrochemistry  and  Electrometallurgy 

Electrolj-tic  and  metallurgical  apparatus  and  pro- 
cesses. 

(8)  Telegrai^hy  and  Telephony 

(a)  All  communication  of  intelligence  by  the  use 
of  wires.  (b)  Electromagnetic  waves  and  radio- 
telegraphy  and  telephony. 

(9)  Electrical   Instruments  and   Electrical  Measurements 

Switchboard,  portable,  standard  and  absolute  instru- 
ments. Testing  and  standardization  methods ;  abso- 
lute measui'ements. 

(10)  Central  Station  Economics 

Load  factors,  power  factors,  measurement  of  max- 
imum demand  and  all  problems  affecting  the  econ- 
omy of  central  stations;  also  rates,  their  regulation 
and  legislation. 

(11)  Electrophysics 

Radioactivity;  Rontgen  rays;  gas  and  vapor  con- 
duction; electron  theory;  constitution  of  matter,  etc. 

(12)  Miscellaneous 

Such  as  history  and  literature  of  electrical  engineer- 
ing; symbols  and  nomenclature;  engineering  educa- 
tion and  ethics. 

(13)  General  Congress  Proceedings 

Communications  may  be  addressed  to 

Preston  S.  Millar,  Secretary-Treasurer 

80th  Sti'eet  and  East  End  Avenue 

New  York,  N.  Y. 


PUBLICATION  PLANS  OF  THE  INSTITUTION 
OF  MECHANICAL  ENGINEERS 

The  Institution  of  Mechanical  Engineers  of  Great 
Britain  has  taken  an  important  step  in  the  establish- 
ment of  a  monthly  Jounial.  the  first  issue  of  which  ap- 
peared in  June.  In  size  of  page  and  typographical 
appearance  it  follows  substantially  the  style  of  the 
pamphlet  papers  regularly  issued  by  the  Institution  in 
advance  of  meetings. 
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The  particulai-ly  interestiug  feature  of  tliis  first  num- 
ber is  an  announeenicnt  of  tlic  new  publication  plans 
of  the  Institution.  For  many  months  the  council  has 
had  under  consideration  methods  of  bringing  into 
closer  touch  with  the  work  of  the  organization  those 
members  who  are  resident  in  the  country  or  abroad, 
and  who  are  consequently  unable  to  attend  the  meet- 
ings regularly.  The  outcome  was  the  establishment  of 
the  Journal  and  an  arrangement  for  bimliiig  that  part 
of  it  which  constitutes  the  Pi'oeeedings  or  Transac- 
tions; together  with  tiie  advance  printing  of  papers  in 
pamphlet  form,  to  be  sent  out  upcm  request  to  mem- 
bers desiring  them.  In  all  particulais  the  plan  is  like 
that  recommended  also  In-  the  Publication  Committee 
and  Council  of  The  American  Society  of  Mechanical 
Engineers,  and  it  is  pleasing  to  note  that  the  two  socie- 
ties, tiifough  the  investigations  of  separate  and  inde- 
pendent committees,  an-ived  at  the  same  conclusions. 

An  examination  of  the  present  issue  of  the  Journal 
shows  that  it  is  divided  into  two  parts,  each  with  an  in- 
dependent pagination.  Part  one  contains  information 
such  as  notices  of  coming  meetings.  In  this  particular 
instance,  the  program  of  the  July-Paris  meeting  of  the 
Institution,  with  abstracts  of  the  papers  to  be  pre- 
sented, is  given.  By  perusing  these  any  member  can 
judge  whether  or  not  a  paper  deals  with  matters  in 
which  he  is  interested  or  on  which  he  desires  to  present 
a  discussion,  and  if  this  should  be  so,  a  copy  of  the 
paper  will  be  sent  him. 

Part  two  is  of  a  different  character  and  contains  the 
full  text  of  the  papers  presented  at  the  previous  meet- 
ing, together  with  the  discussion  so  far  as  it  can  be 
completed  up  to  the  time  of  going  to  press.  In  the  next 
issue  following,  the  first  place  will  be  given  to  the  com- 
pletion of  this  discussion  and  the  author's  reply.  This 
will  be  followed  by  the  text  of  the  next  paper  read,  etc. 

The  Institution  in  various  ways  is  enhancing  the 
value  of  membership  to  those  residing  outside  of  Lon- 
don, and  it  is  expected  that  arrangements  will  be  made 
by  which  papers  w-ill  be  read  simultaneously  in  other 
cities  at  the  same  time  they  are  presented  in  London. 
Recent  improvements  in  the  house  of  the  Institution 
will  aid  materially  in  this  work.  Through  the  acquisi- 
tion of  additional  land,  an  enlargement  of  the  building 
has  been  made.  The  main  staircase  has  been  widened 
and  the  ground  floor  now^  provides  ample  accommoda- 
tions for  the  secretary  and  his  staff  in  the  new  part  of 
the  building.  On  the  mezzanine  floor  above  these 
offices,  a  spacious  committee  room  is  to  be  found,  and 
the  council  room  is  now  located  on  the  first  floor,  open- 
ing into  one  wing  of  the  librarj'.  On  the  third  floor  a 
reading  room  and  a  smoking  room  for  the  members 
have  been  added.  The  design  for  the  enlargement  was 
made  by  Mr.  James  Millar  of  Glasgow,  also  the  archi- 
tect for  the  building  of  the  Institution  of  Civil  Engi- 
neers which  faces  that  of  the  Mechanical  Engineers  on 
Princes  Street,  the  frontages  of  the  two  buildings  being 
rather  similar  in  character. 


OPEXIXC;  OF  THE    NEW  SOCIETY  HOUSE  OF 
THE  VEREIX  DEUTSCHER  IXGEXIEURE 

On  June  5  the  new  society  house  of  the  Yerein  deut- 
scher  Ingenieure  was  opened  with  appropriate  exer- 
cises, at  which  The  American  Society  of  Mechanical 
Engineers  was  repi-esented  by  Fi-ank  B.  Gilbreth.  who 
was  appointed  Honorary  Yice-President  by  the  Coun- 
cil for  this  occasion.  The  new  building  is  a  magnificent 
structure,  finished  in  the  most  substantial  manner  and 
utilized  solely  for  the  work  of  the  Yerein. 

The  proximity  of  the  Imperial  House  of  Represen- 


FoRMER  Home   of  xmj   Vekein  deotscher  Ingenikure 

tatives  on  the  one  hand,  and  the  Brandenburg  Gate  on 
the  other,  imposed  on  the  architects  the  difficult  prob- 
lem of  designing  a  building  in  keeping  with  these  two 
structures.  This  problem  was  solved  in  an  admirable 
manner  and  the  effect  of  large  and  impressive  spaces  is 
secured  by  connecting  the  windows  of  the  first  and  sec- 
ond floors  and  maintaining  the  effect  of  vertical  lines 
by  suitable  treatment  of  the  walls,  with  crowns  over  the 
windows  of  the  upper  floors.  Between  the  windows  is 
a  notable  series  in  bas  relief  of  the  heads  of  famous 
German  engineers,  designed  by  Hugo  Lederer. 

On  the  ground  floor  is  a  spacious  entrance  hall  and 
staircase,  the  main  part  of  this  floor,  however,  being 
unused  at  present  and  reserved  for  the  future  needs 
of  the  society.  The  featui'e  of  the  building  is  the  main 
meeting  hall  on  the  next  floor,  where  are  also  several 
committee  rooms.  The  main  hall  is  decorated  by 
a  series  of  mural  paintings,  one  of  which  is  a  view 
of  Alexisbad  in  the  Harz  Mountains,  where  fifty-eight 
years  ago  twenty-tliree  young  engineers  founded  the 
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V^erein.  Another  panel  shows  the  Technical  High 
School  of  Berlin  and  another  the  German  Museum  at 
Munich.  At  one  end  is  an  allegoiical  painting  typify- 
ing engineering. 

Two  upper  floors  are  devoted  respectively  to  general 
offices  for  conducting  the  affairs  of  the  Society,  and  the 
editorial  and  literary  work  and  drafting  connected 
with  its  pxiblieations,  which  form  so  important  an  ele- 
ment of  the  work  of  the  Verein. 

In  a  very  high  degree  the  Verein  deutseher  Ingen- 
ieure  is  what  its  name  implies,  the  Soeiet.y  of  German 
Engineers.    While  there  are  active  and  well  patronized 
societies  of  electrical 
and    mining    engi- 
neers,    practically 
every    German    engi  ■ 
ueer    desires    to    be- 
come associated  witli 
the    parent    society. 
At  the  end  of  1913  it 
had  a  membership  of 
24,500,   more  than   a 
thousand    times    its 
charter  list. 

The  influence  o  f 
the  Verein,  as  a  bond 
between  German  en- 
gineers, extends  far 
beyond  the  geograph- 
ical confines  of  the 
German  Empire.  In 
addition  to  forty- 
eight  local  sections 
there  are  several  re- 
cently created  for- 
e  i  g  n    branches,    i  n 

Austria,  England,  China  and  in  this  countr_y.  These 
sections  are  practically  autonomous.  They  have  their 
own  constitutions  approved  by  the  parent  body,  their 
own  governing  councils,  may  select  honorary  members. 
and  receive  a  certain  share  of  the  dues  paid  in  by  theii- 
members.  A  local  section  may  be  formed,  with  tlie  ap- 
proval of  the  Verein  council,  by  not  less  than  150  mem- 
bers of  the  organization. 

The  activities  of  the  Verein  extend  considerably  be- 
yond the  limits  of  mere  reading  of  papers  and  discus- 
sions. Through  its  committees  and  funds,  but  above 
all  through  the  hearty  collaboration  between  its  mem- 
bers and  the  organizations  of  which  they  direct  the 
policies,  the  Verein  exercises  a  potent  influence  on  the 
development  of  technical  education  in  Germany,  and 
the  standards  of  engineering  research,  especially  such 
as  is  conducted  in  the  laboratories  of  the  splendidly 
equipped  German  Technical  High  Schools.  Through 
its  various  committees  the  way  is  often  paved  for  gov- 
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eriniiental  regulations,  and  manufacturers  are  helped 
to  adopt  uniform  practices  in  the  classification  of  their 
output. 

The  publications  of  the  Verein  comprise  the  weekh' 
Zeitschrift  containing  both  papers  presented  before 
the  various  sections  of  the  Society  and  contributions 
by  members,  as  well  as  the  usual  editorial  departments. 
The  original  articles  are  also  available  in  separate  re- 
prints, the  price  of  which  is  made  especially  accessible 
to  members  and  students  of  engineering  schools.  As 
a  supplement  to  the  Zeitschrift  is  published  a  monthly, 
Technik  und  Wirtschaft,  the  purpose  of  which  is  to 

promote  the  knowl- 
edge of  economic  and 
social  subjects  among 
engineers.  Another 
important  publica- 
tion is  ' '  Communi- 
catious  concerning 
Researches  in  t  h  e 
Field  of  Engineer- 
ing," consisting  of 
pamphlets  appearing 
at  irregular  inter- 
vals,  and  presenting 
tlie  result  s  of  re- 
sea  rches  conducted 
under  the  auspices  of 
tlie  Verein,  mainly  in 
the  laboratories  of 
teclmical  schools.  As 
a  rule,  extensive  sum- 
maries of  these  re- 
searches appear  in 
the  Zeitschrift  some 
time  previous  to  the 
l)ublication  in  complete  form  in  the  Communications. 
In  addition  the  Verein  publishes  several  series  of 
books,  such  as  Contributions  to  the  History  of  Engi- 
neering and  Industry  and  History  of  the  Verein  deut- 
scher  Ingenieure. 

Wliat  is  perliaps  the  most  important  result  of  the 
work  of  the  Verein,  however,  is  of  such  a  nature  that  it 
can  hardly  appear  in  its  official  reports ;  and  that  is  the 
change  in  the  public  opinion  concerning  the  engineer- 
ing profession  in  Germany  in  the  last  fifty  years.  For 
example,  Werner  von  Siemens  in  his  autobiography^ 
explains  more  than  once  that  his  social  recognition  was 
due  to  his  status  as  a  Prussian  officer  of  artillery, 
rather  than  to  his  success  as  an  engineer  and  inventor. 
That  this  situation  prevails  no  longer  and  that  engi- 
neers as  such  are  recognized  for  their  accomplishments 
and  are  leaders  in  public  activity  is  due  in  large  meas- 
ui'e  to  the  work  of  the  Verein  and  tlie  growing  influence 
of  its  members. 
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DUTIES  AND   RESPONSIBILITIES  OF  THE 
ENGINEER ' 

By  Henhy  I..  Ganit 

•I  wish  to  take  this  opportunity  to  hiy  befoi'c  you  in 
a  few  words,  my  idea  regarding  certain  duties  and  I'e- 
sponsibilities,  which,  if  I  read  the  signs  of  the  times 
ai'iglit,  will  rapidly  fall  upon  the  shoulders  of  the  engi- 
neer. In  some  quarters  the  engineer  has  already  as- 
sumed these  duties  and  responsibilities;  in  others,  it 
has  not  yet  been  recognized  that  these  duties  belong  to 
the  engineer ;  but  inasmuch  as  they  are  problems  affect- 
ing our  national  welfare,  and  the  engineer  seems  the 
only  man  fitted  to  solve  them,  there  is  no  question  that 
he  will  ultimately  have  to  accept  the  responsibility  for 
their  solution. 

It  has  been  said  that  we  are  an  industrial  nation.  I 
feel  that  we  are  only  just  beginning  to  be  an  industrial 
nation,  and  shall  not  be  fully  entitled  to  that  name 
until  we  have  a  more  complete  knowledge  of  the  prin- 
ciples on  which  successful  industry  is  based.  Too  many 
of  our  enterprises  are  still  founded  on  what  has  been 
done  rather  than  on  ivhat  can  be  done.  The  real  in- 
dustrial leader  must  be  guided  by  future  possibilities 
rather  than  past  performances.  The  growing  disposi- 
tion among  the  people  of  all  lands  to  abolish  special 
privileges  of  every  kind,  is  going  to  make  it  necessary 
for  those  who  carry  on  industrial  operations  to  depend 
more  and  more  upon  their  own  efficiency,  and  to  get 
awa^-  as  rapidly  as  possible  from  the  errors  of  past 
jn-aetice.  We  can  no  longer  blindly  follow  the  trail  of 
those  who  have  gone  before  simply  because  they  were 
.successful.  What  spelled  success  yesterday,  may  spell 
failure  tomorrow.  Knowledge,  not  precedent  oi-  opin- 
ion, must  be  our  guide.  The  man  whose  special  tiain- 
ing  fits  him  to  acquire  the  necessary  knowledge  is  the 
engineer:  he  works  with  facts  which  he  obtains  by  in- 
vestigation ;  others  are  usually  guided  by  opinion, 
which  is  too  often  inherited  or  copied. 

Beginning  as  a  designer  of  power  plants,  tlie  me- 
chanical engineer  has  become  the  most  important  fac- 
tor in  our  development  as  an  industrial  nation.  Con- 
tent at  first  to  design  and  install  plants  and  equipment, 
he  has  realized  that  it  was  equally  his  function  to  op- 
ei'ate  them  efficiently.  This  realization  is  the  origin  of 
the  present  widespread  interest  in  the  art  of  manage- 
ment, which  is  simply  an  attempt  to  apply  to  the  sub- 
ject of  management  the  methods  which  the  leading  en- 
gineers have  already  so  successfully  applied  to  that  of 
design.  It  is  only  natural  that  in  the  attempt  to  make 
sueli  an  application,  the  degree  of  success  will,  at  first, 
largely  depend  upon  the  ability  and  training  of  the 
engineer  undertaking  the  problem,  but  the  day  will 
come  when  the  principles  underlying  the  managing 
mechanism  for  an  industry  will  be  as  clearly  defined 
and  as  well  understood  as  those  underlying  the  design 
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of  a  steam  engine,  or  an  electric  generator.  It  is  the 
function  of  the  engineer  to  discover  or  develop  these 
principles.  This  is  not  an  easy  job,  for  the  human 
factoi'  is  the  prime  one  to  be  considered,  and  many  well- 
iiitejitioned  people  have  not  yet  learned  that  the  man 
in  ovei-alls  does  not  differ  essentially  from  the  man  in 
the  silk  shirt. 

During  oui-  visit  to  Germany  last  summer  the  high 
estimation  in  which  the  engineer  was  held  in  that  coun- 
try was  evident  on  all  sides.  There,  he  is  looked  up  to 
for  the  solution  of  all  their  industrial  problems,  and  is 
no  doubt  largely  responsible  for  the  rapid  industrial 
progress  of  that  nation.  Recognizing  the  importance 
of  the  educated  engineer,  and  realizing  that  unless  he 
had  equal  rank  with  other  professional  men,  he  would 
not  have  the  influence  that  he  should  have,  the  Ger- 
mans invented  the  degree  of  Doctor  of  Engineering, 
and  bestowed  it  liberally,  with  the  result  that  the  new 
profession  soon  took  rank  with  the  older  professions  in 
the  estimation  of  the  people,  and  we  found  many  of  the 
highest  civic  positions  held  by  the  leading  engineers. 
What  could  be  more  appropriate  in  an  industrial  na- 
tion? 

The  greatest  industrial  problem  before  us  as  a  nation 
today  is  the  relation  between  employer  and  employee. 
Congress  has  recognized  this  fact  by  appointing  a  com- 
mission to  study  the  subject,  and  to  recommend  legis- 
lation. This  commission,  before  whom  I  had  the  honor 
of  testifying  not  long  ago,  is  composed  of  verj^  intelli- 
gent and  capable  men,  and  one  woman  whose  insight 
and  s^^npatllies  are  very  keen.  On  this  commission  the 
manufacturer,  the  lawyer,  the  economist,  the  philan- 
thropist and  the  labor  leader  are  to  be  found,  but  there 
is  no  engineer.  Can  we  have  any  better  evidence  that 
the  people  at  large  have  not  yet  discovered  the  engi- 
neer, or  that  they  do  not  know  what  his  function  is  ? 

How  are  we  to  bring  to  the  attention  of  our  legisla- 
tors the  fact  that  there  are  people  in  the  community 
whose  business  it  is  to  investigate  and  find  the  solution 
of  industrial  problems?  Should  our  local  sections  not 
make  education  on  this  point  one  of  their  duties  ? 

The  present  iinsatisfactory  industrial  situation  is  due 
largely  to  the  fact  that  most  attempts  to  solve  these 
problems  have  been  made  by  the  financier  and  the 
workman,  both  of  whom  have  attempted  to  find  a  solu- 
tion which  would  give  his  class  the  advantage.  Finan- 
ciers on  the  one  hand,  and  unionists  on  the  other  are 
thus  continually  on  the  verge  of  a  conflict. 

Wliat  is  the  solution  ?  Somebody  must  come  between 
these  two  and  study  the  subject  from  an  impartial 
standpoint,  and  with  the  object  of  doing  justice  to 
each.  The  man  M-liose  training  best  fits  him  for  this 
work  is  the  engineer,  and  in  many  cases  where  he  has 
attacked  the  problem  the  results  have  been  most  en- 
couraging. With  increasing  knowledge  and  experience 
he  promises  to  make  rapid  progress  in  the  near  future. 

If  engineers  as  a  class  and  people  in  general  can  be 
brought  to  recognize  that  the  engineer  is  the  man  best 
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fitted  for  solving  tlie  j^robleins  he  lias  had  siicli  a  large 
part  in  creating,  we  may  hope  in  a  few  years  to  see 
marked  progress  toward  industrial  peace. 

APPLICATIONS  FOR  MEMBERSHIP 

Members  are  requested  to  scrntinize  with  the  utmost 
care  the  following  list  of  candidates  who  have  filed  ap- 
plications for  membership  in  the  Society.  These  are 
sub-divided  according  to  the  grades  for  whicli  their 
age  would  qualify  them  and  not  with  regard  to  pro- 
fessional qualifications,  i.e.,  the  age  of  those  under  tlie 
first  heading  would  place  them  under  either  Member, 
Associate  or  Associate-Member,  those  in  the  ne.xt  class 
under  Associate-Member  or  Junior,  while  those  in  the 
third  class  are  qualified  for  Junior  grade  only.  The 
Membeiship  Committee,  and  in  turn  the  Council,  ui'ge 
the  members  to  assume  their  share  of  the  responsibility 
of  receiving  these  candidates  into  the  Membership  by 
advising  the  Secretary  promptly  of  anyone  whose  eligi- 
bility for  membership  is  in  any  way  questioned.  Mem- 
bers will  be  furnished  witli  complete  records  of  any 
candidate  thus  questioned.  All  correspondence  in  re- 
gard to  such  matters  is  strictly  confidential  and  is 
solely  for  the  good  of  the  Society,  which  it  is  the  duty 
of  every  member  to  promote.  These  candidates  will  be 
balloted  upon  by  the  Council  unless  objection  is  re- 
ceived before  September  10,  1914. 

FOR  CONSIDERATION   AS    MEMBER,  ASSOCIATE  OR  ASSOCIATE- 
MEMBER 

Adams,  Conrad  R.,  Wks.  Engr.,  F.  I.  A.  T.  Co.,  Pongh- 

keepsie,  N.  Y. 
Almert,  Harold,  Cons.  Engr.,  The  Rookery,  Chicago,  111. 
Anderson,    Emil    C,   Mech.    Engr.,    Colorado    &    Southern 

Rwj'.,  Denver,  Colo. 
Bassett,  GEOR(iE  B.,  Pres.  and   Genl.  Mgr.,  Buffalo   Meter 

Co.,  Buffalo,  N.  Y. 
BocKirs,  Charles  A.,  Asst.  Mech.  Engr.,  Fuel  Testing  Co., 

Boston,  Mass. 
Bourne,  Ralph  H.,  with  Whiting  Foundrv  Equipment  Cn., 

Harvey,  111. 
BuENET,  Toji,  Engr.-in-eharge,  Bulawayo  Water  Works  Co., 

Ltd.,  Bulawayo,  So.  Africa 
Burpee,  Frank  E.,  Prof,  of  Mech.  Engrg.,  Bueknell  Univ., 

Lewisburg,  Pa. 
Carter,   Harry   D.,   Mech.   Engr.,   Samuel   M.   Green   Co., 

Springfield,  Mass. 
Cilley,  Raymond,  Designing   Engr.,   Trov  AVagon   Works 

Co.,  Troy,  Ohio 
Cl.arke,  Edgar  W.,  Ch.  Engr.,  Cambria   Steel   Co.,  Johns- 
town, Pa. 
Cleghorn,  Mark  P.,  Assoc.  Prof.  Mech.  Engrg.,  Iowa  State 

College,  Ames,  la. 
Coppman,  Joseph  P.,  Supt.  Dept.  Mchv.,  National  Transit 

Co.,  Oil  City,  Pa. 
CONRAN,  Fred  M.,  Supt.,  The  Torrington  Mfg.  Co.,  Turring- 

ton,  Conn. 
Cramer,  Viwhe  P.,  Experimental  Engr.,  The  Garford  Co., 

EhTia,  Ohio 
Crane,  J.  B.,  Commercial  Engr.,  Great  Nortliern  Power  Co., 

Duluth,  Minn. 
Cutler,  Frank  G.,  Chief,  Bureau  of  Steam  Engrg.,  Ten- 
nessee Coal,  Iron  &  R.  R.  Co.,  Enslev,  Ala. 
Davis,  Fred  R.^  Ch.  Engr.;  Pwi-.  Plant,  Pittsburgh  Plate 

Glass  Co.,  Kokomo,  Ind. 
Dean,  Henry  L.,  Mech.  Engr..  Compressor  Dept.,  Chicago 

Pneumatic  Tool  Co.,  New  York 


Dodge,  Fkkderick  H.,  Pres.,  The  Oliio  Electric  Car  (.'o.,  To- 
ledo, Ohio 
Doughty,  John  H.,  Mech.   Engr.,  Lehigh   &    Wilkes-Barrc 

Coal  Co.,  Wilkes-Barre,  Pa. 
Dunham,  Walter  E.,  Supvr.,  Motive  Pwr.  and  Mchy.,  Chi- 
cago &  North  Western  Rwy.,  Winona,  Minn. 
Ehrman,    Edwin    H.,    Secy,    and    Factory    Mgr.,    (Jhicagd 

Screw  (lo.,  Chicago,  111. 
Elsas,  Oscar,  Pres.,  Fulton  Bag  &  Cotton  Mills,  Atlanta, 

Ga. 
Fales,  George  L.,  Supt.  Pwr.  Dept.,  Tennessee  Copper  Co., 

Cojjperhill,  Tenn. 
FiNKLE,  Frederick  C,  Cons.  Engr.  in  Mech.  and  Hyd.  AVork, 

Los  Angeles,  Cal. 
FoGARTY,    Michael    J.,    Mgr.    and    Prop.,    Machine    Shoj), 

Brooklyn,  N.  Y. 
Frauenpelder,  Joseph  B.,  Ch.   Engr.,  Lake  Torpedo  Boat 

Co.,  Bridgeport,  Conn. 
Gentzel,  Perry  H.,  with  The  Cincinnati,  Hluffton  &  Cliicago 

R.  R.,  Huntington,  Ind. 
GiLSON,  Henry  R.,  Ch.  Engr.,  National  Metal  Molding  Co.,  ■ 

Pittsburgh,  Pa. 
Glenn,  John  F.,  Contr.  Engr.,  The  AVickes  Boiler  Co.,  Buf- 
falo, N.  Y. 
Gordon,  Leo  A.,  Supvr.  Engrg.  Dept.,  City  of  Fall  River, 

Mass. 
GuBNEV,  Howard  F.,  Pres.  and  Genl.  Mgr.,  Gurney  Elev.  Co., 

New  Y'ork. 
Hall,  Walter  H.,  Mech.  Sujtt.,  Chelsea  Fibre  Mills,  Brook- 
lyn, N.  Y. 
Hamilton,  John  AA".,  Senior  Member,  Hamilton  &  Chambers, 

New  York 
Han.sen,  Anton,  Ch.  Draftsman,  The  Kelly  «&  Jones  Co., 

Greensburg,  Pa. 
Harter,  Clarence  J.,  Cli.  Draftsman,  Remington  Arms-U. 

M.  C.  Co.,  Bridgeport,  Conn. 
Hartford,  John  A.,  Secy,  and  Genl.  Mgr.,  Breese  Motor 

Plow  Co.,  AA^apakoneta,  Ohio 
Havnes,  Charles  A.  R.,  Asst.  Engr.,  The  New  York  Steam 

Co.,  New  York 
Jewell,  George  H.,  with  Lytton  Mfg.  Corp.,  Franklin,  Va. 
IvE.iTiNG,   Thomas    E.,   Engr.,   Turbine   Engrg.    Dept.,   The 

AYestinghouse  Mch.  Co.,  East  Pittsburgh,  Pa. 
King,  William  R.,  Cons.  Engr.,  with   S.  F.   Tainter,  New 

York 
Kotter,  Geor(;e,  Suiierintending  Engr.,  Hamburg-American 

Line,  New  Y'ork 
Laine,  AVilliam  B.,  Engr.,  American  Tobacco  Co.,  New  York 
Latiirop,  Daniel  AA^.,  A'ice-Pres.,  Atlas  Crucible  Steel  Co., 

Dunkirk,  N.  Y. 
Lawton,  Ralph  AA".,  Mgr.,  Jew^ell  Exjiort  Filter   Co.,  Cal- 
cutta, India 
LoEwv,  George  J.,  Principal,  IMurray  Hill  A'ocational  School, 

New  York 
Lowell,  Floyd  C,  with  Prentiss  Tool  &  Supply  Co.,  Buffalo, 

N.  Y. 
McGahey,  Calvert  R.,  Mech.  and  Elec.   Ens:r.,  Baltimore, 

Md. 
MacKlind,  AA'illiam  R.,  Mgr.  Engrg.  and  Constr.  Dept.,  The 

Sherwin-AA'illiams  Co.,  Cleveland,  Ohio 
Mills,  Charles,  Foreman   Pattern    Shop,   California   Iron 

Works,  Riverside,  Cal. 
Ml-ncy,  A'ictob  E.,  Prof,  of  Meelis.  and  Applied  Elec,  Ohio 

Mechanics  Inst.,  Cincinnati,  Ohio 
Nickelsen,  Theodore,  Cons.  Sugar  Engr.,  Manila,  P.  I. 
Ormond,  John  C,  Ch.  Material  Agt.,  Messrs.  Tickers  Ltd., 

Harrow,  England 
Pennock,  Richard  M.,  Mech.  Engr.,  Pennsylvania  Dept.  of 

Labor  &  Indus.,  Harrisburg,  Pa. 
Roberts.   Arthur  L.,  Mech.    Engr.,   Lehigh   A'alley   R.   R., 

South  Bethlehem,  Pa. 
Ro(iER,  John  P.,  Plant  Engr.,  Babcock  &  AA'ilcox  Co..  Barber- 
ton,  Ohio 
RuNYAN,   Frank    K.,    Su]ivr.    of   Production,    The    Dayton 

Engrg.  Laboratories  Co.,  Dayton,  Ohio 
Schmalz,  Charles  H.,  Asst.  Master  Mech.,  Anaconda  Cop- 

jier  Mining  Co.,  Great  Falls,  Mont. 
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ScHNEiDKR,  Gkrhart  A.,  Works  Engr.,  StaiKlard  Steel  Car 
Co.,  Ilaiiimoncl,  Ind. 

ScuREiiiER,  Carl  T.,  Publicity  Engr.,  Hill  Publishing  Co., 
New  York 

Schrkiber,  John  W.,  Mcch.  Engr.,  Aluminuiu  Company  of 
America,  Pittsburgii,  Pa. 

ScRUGiiAM,  James  G.,  Prof,  of  Mech.  Engrg.,  University  of 
Nevada,  Reno,  Nev. 

Sheehv,  Jouk  P.,  Foreman,  The  O.  M.  Edward  Co.,  Inc., 
Syracuse,  N.  Y. 

Shepard,  Georoe  R.,  Mech.  Eugr.,  Hydraulic  Power  Co., 
Niagara  Falls,  N.  Y. 

Ste\-exs,  Au.stix  p.,  Master  Mech.  and  Ch.  Engr.,  Cochrane 
Chemical  Co.,  Everett,  Mass. 

STiiiK)S,  Morris  H.,  Plant  Mgr.  Dunkirk,  N.  Y.,  Plant. 
United  States  Radiator  Corj).,  Dunkirk,  N.  Y. 

Stoll,  Clarence  G.,  Supt.,  15oll  Telephone  Mfg.  Co.,  Ant- 
werp, Belgium 

Sykes,  Wat,ter  J.,  Head  of  Mech.  Dopt.,  Div.  of  Works, 
Panama  Pacific  luternatl.  Exposition,  San  Francisco, 
Cal. 

TiiOR.v,  GEORf.E  W.,  Armour  Institute  of  Technology,  Chi- 
cago, HI. 

UpiNCiTON,  George  P.,  Sales  and  Combustion  Engr.,  Blais- 
dell-Cauady  Co.,  New  York 

VON  YiTTiNGHOFF,  Hans,  Secv.  to  Vice-Pres.,  Stone  &  Web- 
ster, Boston,  Mass. 

Wiebe,  Sigard  J.,  Cons.  Engr.,  Brooklyn,  N.  Y. 

Williams,  William  E.,  Local  Engr.,  American  Car  &  Foun- 
dry Co.,  Berwick,  Pa. 

Wohlers,  Charles,  Designing  Engr.,  Electric  Bond  &  Share 
Co.,  New  Y'ork 

Worker,  Joseph  G.,  Engr.  Stoker  Dept.,  W^estinghouse  Ma- 
chine Co.,  Chicago,  111. 

Weight,  Howard  G.,  Ch.  Draftsman,  Washoe  Reduction 
Works,  Anaconda  Copper  Mining  Co.,  Anaconda,  Mont. 

for  consideration  as  associate-member  or  junior 

A\'ERT,  Harold  T.,  Ch.  Draftsman,  Ames  Iron  AVorks,  Os- 
wego, N.  Y. 

Bachman,  Benjamin  B.,  Engr.,  The  Autocar  Co.,  Ardmore, 
Pa. 

Brunner,  Hans,  Mech.  Engr.,  Essex  Rubber  Co.,  Inc.,  Tren- 
ton, N.  J. 

Bryan,  Walter  E.,  Supt.,  Pwr.  Stations,  United  Railways 
Co.,  St.  Louis,  Mo. 

Cahill,  Edward  H.,  Engr.,  Mottlau  Transmission  Co.,  Phila- 
delphia, Pa. 

Carson,  Charles  B.,  Mech.  and  Constr.  Engr.,  Taylor  In- 
strument Cos.,  Rochester  N.  Y. 

Clark,  William  F.,  Heating  and  Ventilating  Engr.,  State 
Architects  Office,  Albany,  N.  Y. 

Engblom,  Alexander,  Mech.  Engr.,  Sidney  Blumenthal  & 
Co.,  Shelton,  Conn. 

French,  Jajles  C,  Ch.  Engr.,  F.  C.  Austin  Drainage  Exca- 
vator Co.,  Winthrop  Harbor,  111. 

Gallaher,  Alvan  H.,  Asst.  Engr.,  Barrett  Mfg.  Co.,  New 
York 

Gilbert,  Huntly  H.,  with  Pressed  Steel  Car  Co.,  Chicago, 
111. 

Jefferson,  Carl  J.,  Asst.  Supt.  Mfg.,  American  Ice  Co., 
Philadelphia,  Pa. 

LiNDEMUTH,  Francis  L.,  S(|uad  Foreman,  Drawing  Room, 
Cambria  Steel  Co.,  Johnstown,  Pa. 

McPherson,  Charles  J.,  Asst.  Ch.  Draftsman,  J.  G.  Brill 
Co.,  Philadelphia,  Pa. 

Moore,  AN'ilijam  J.,  Designing  Engr.,  Niles-Bement-Pond 
Co.,  Plainticld,  N.  J. 

Nayt,or,  Charles  L.,  Mech.  Engr.,  E.  F.  Houghton  &  Co., 
Philadelphia,  Pa. 

Rennie,  Walter  M.,  Asst.  Res.  Engr.,  Gardner  S.  Williams, 
Ann  Arbor,  Mich. 

ScoFiELD,  Gilbert  J.,  Mech.  Engr.,  Hilliard  Clutch  &  Mchv. 
Co.,  Elmira,  N.  Y. 

SwANSON,  Herman  O.,  with  Jamestown  Table  Co.,  James- 
town, N.  Y. 
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SzL,  Ping  Ntoen  H.,  Engr.,  Liiike  Hofmann  Werke,  Breslau, 
Germany 

Tiio.MAs,  Raymond  H.,  Mch.  Designer,  Russell,  BurdsaU  & 
Ward  Bolt  &  Nut  Co.,  Port  Chester,  N.  Y. 

Wait,  William  B.,  Asst.  Engr.,  Spreekels  Sugar  Refining 
Co.,  Philadelphia,  Pa. 

Y'ouNG,  Emanuel  J.,  Foreman  of  Elec.  Repair  Shops,  Cam- 
bria Steel  Co.,  Johnstown,  Pa. 

FOR  consideration  as  junior 

Bkchert,  Fred  J.,  Instr.  in  Mech.  Engrg.,  Texas  Agri.  & 
Mech.  College,  College  Station,  Texas 

Besse,  Eldred  E.,  Mech.  Engr.,  Lowell  Gas  Light  Co.,  Low- 
ell, Mass. 

BoLTE,  Edward  E.,  Draftsman,  Waugh  Draft  Gear  Co.,  Chi- 
cago, HI. 

Clapp,  Richard  B.,  Load  Dispatching  Engr.,  Penn.  Water 
&  Power  Co.,  Baltimore,  Md. 

Cook,  Henry  P.,  Draftsman,  Babcock  &  Wilcox  Co.,  Bay- 
onne,  N.  J. 

Drew,  William  N.,  Chem.  Engr.,  Western  Precipitation 
Co.,  Los  Angeles,  Cal. 

Hall,  Leigh  S.,  with  Hall  Brothers  Supplv  Co.,  Concord, 
N.  H. 

Heinemann,  Adelbert  L.,  Inspr.  Test  Dept.,  Pennsylvania 
R.  R.,  Altoona,  Penn. 

HiLYAKD,  LeRoy,  with  International  Steam  Pump  Co.,  Phil- 
adelphia, Pa. 

HosMER,  Fred  E.,  Asst.  Mech.  Engr.  and  Draftsman,  Gulf 
Pipe  Line  Co.,  Beaumont,  Tex. 

IvARCHER,  Harry  E.,  Retort  Foreman,  American  Creosoting 
Co.,  Indianapolis,  Ind. 

McLaren,  George  C,  Mech  Engr.,  WTiittier  Water  Co., 
Whittier,  Cal. 

Mansfield,  Clifford  B.,  Draftsman  and  Civ.  Engr.,  The 
Palmetto  Phosphate  Co.,  Tiger  Bay,  Fla. 

MiLLiGAN,  Vincent  B.,  Locomotive  Inspr.,  Louisville  & 
Nashville  R.  R.  Shops,  Lexington,  Ky. 

Pennell,  vS.  Howard,  Foreman  and  Inspr.,  Meter  Dept., 
Yarnall-Waring  Co.,  Philadelphia,  Pa. 

Phillips,  Leon  R.,  Mech.  Asst.,  Constr.  Dept.,  Swdft  &  Co., 
Boston,  Mass. 

Sanders,  Walter  C,  Mech.  Engr.,  Ccdartown  Foundry  & 
Machine  Works,  Cedartown,  Ga. 

Smith,  Howard  S.,  Material  Inspr.,  Atchison,  Topeka  & 
Santa  Fe  R.R.,  Topeka,  Kan. 

Strale,  Nels  W.,  Coke  Plant  Operator,  H.  Koppers  Coke 
Co.,  Chicago,  111. 

Taylor,  John  E.,  Spec.  Apprentice,  New-  York  Central  & 
Hudson  River  R.R.,  New  Y\)rk 

Thojias,  Felix,  Asst.  Pat.  Atty.,  National  Cash  Register  Co., 
Dayton,  Ohio 

Thornhill,  Theodore  W.,  Ms:r..  Charleston  Oil  Co.,  Char- 
leston, S.  C. 

Zeiger,  Kenneth  G.,  Sped.  Apjirentiee,  New  Y'ork  Central 
&  Hudson  River  R.  R.,  Avis,  Pa. 

APPLICATIONS  FOR  CHANGE  OF  GRADING 

promotion  from  junior 

Brown,  Dickson  Q.,  2nd  Vice-Pres.,  Tide  Water  Oil  Co., 
New  York 

Heaton,  Herman  C,  Mech.  Engr.,  Sargent  &  Lundy,  Chi- 
cago, 111. 

Hunt,  Eugene  A.,  Mech.  Engr.,  Los  Angeles,  Cal. 

Thomas,  George  C.,  Supt.,  Singer  Company,  Podolsk,  Rus- 
sia 

Weber,  Erwin  L.  F.,  Cons.  Domestic  Engr.,  Seattle,  Wash. 

Williams,  Nezza  N.,  Junior  Partner,  E.  T.  Archer  &  Co., 
Kansas  City,  Mo. 

SUilMARY 

New  applications 123 

Apiilications  for  change  of  grading 

Promotion    from    .Junior 6 

Total 12!1 


THE  SPRING  MEETING 


rpiIE  Spring  Meeting  at  St.  Paul-Minneapolis,  tlie 
A  first  meeting  of  the  Society  to  be  held  in  the 
Twin  Cities, ' '  was  a  decided  success.  The  attendance 
was  unexpectedly  large,  influenced  probably  as  much  by 
the  natural  local  attractions  as  by  the  program  of  pro- 
fessional papers.  The  Local  Committee,  consisting  of 
Max  Toltz,  Chairman,  Chas.  L.  Pillsbury,  Vice-Chair- 
uiau,  E.  J.  Heinen,  Secretary,  Paul  Doty  and  W.  H. 
Kavanaugh,  had  made  extensive  provision  for  tlie  com- 
fort and  entertainment  of  the  visitors,  and  the  numer- 
ous social  features,  with  the  various  excursions  to 
plants  of  interest  in  the  vicinity,  were  thoroughly  en- 
joyed. 

The  meetings  were  held  from  June  16  to  19    with 
lieadquarters  at  the  St.  Paul  Hotel  in  St.  Paul,' there 
being  121  members  registered  and  279  guests,  a  total 
of  400.    The  professional  meetings  were  held  in  the  ball 
room  of  the  hotel,  with  the  exception  of  the  Thursday 
forenoon  session,  which  was  held  in  the  Engineering 
Building  of  the  University  of  Minnesota  in  Minneap- 
olis.    The  usual  Friday  morning  session  was  replaced 
by  technical  excursions  which,  in  line  with  the  present 
practice  of  the  Committee  on  Jleetings  to  provide  in- 
creased opportunity  for  social  attractions  at  the  Spring 
ileetmg,  did  mueii  to  add  to  the  pleasure  of  the  meet- 
ing.   Interest  in  the  meeting  was  also  enhanted  by  the 
pro\asion  by  the  local  committee  of  several  papers  of 
local  interest. 

The  headquarters  were  opened  in  the  hotel  for  the 
registration  of  members  at  noon  on  Tuesday.  At  four 
o'clock,  the  elaborately  equipped  special  train  arrived 
from  Chicago  over  the  Chicago,  Buriington  &  Quincy 
Railroad,  and  was  met  at  the  Union  Depot  by  special 
street  cars  that  conveyed  the  party  to  the  headquarters. 
About  llo  members  and  guests  came  on  this  train  and 
reported  an  enjoyable  trip.  Several  stops  were  made 
en  route  to  view  features  of  interest. 


TUESDAY    EVENING    RECEPTION 

At  8 :30  in  the  evening  a  reception  was  held,  followed 
by  addresses  by  the  Chairman  of  the  local  committee 
by  Governor  A.  0.  Eberhardt,  representatives  of  the 
city  of  St.  Paul,  including  the  Mayor,  and  by  H  L 
Gantt,  vice-president  of  the  Society,  who,  in\he  ab- 
sence of  the  President,  James  Hartness,  replied  for 
the  visitors.  .Mr.  Gantt  spoke  of  certain  duties  and  re- 
sponsibilities which  will  undoubtedly  fall  upon  the 
shoulders  of  engineers.  In  some  quarters  the  engineer 
has  already  assumed  these  responsibilities,  in  others. 
It  has  not  yet  been  recognized  that  such  duties  belong 
to  the  engineer;  but  inasmuch  as  thev  are  problems 
affecting  our  national  welfare  and  the  engineer  seems 
to  be  the  man  best  fitted  to  solve  them,  there  is  no 
question  but  that  he  will  ultimately  have  to  accept  the 
task  of  their  solution. 

269 


BUSINESS  SESSION 

The   business   session   of   the   Spring   Meeting   was 
called  to  order  on  Wednesday  morning  by  Vice-Presi- 
dent Gantt.    As  the  first  order  of  business,  the  Secretary 
announced  the  membership   ballot  upon   the   amend- 
ments to  the  Constitution,  proposed  a  year  ago,  with 
respect  to  the  grades  of  Member  and  Associate-JIem- 
ber.     These  amendments  were  approved  and  in  each 
case  resulted  in  raising  the  requirement  for  member- 
ship.     Under  the   new   plan   one   must   have   reached 
thirty-two  years  of  age  to  become  a  member,  and  must 
have  been  in  active  practice  of  his  profession  for  at 
least  ten  years  and  in  responsible  charge  of  important 
work  for  five  years ;  or  if  a  teacher,  equivalent  experi- 
ence IS  required  as  professor  of  engineering  in  charge 
of  a  department.     To  become  an  Associate-ilember,  a 
candidate  must  be  at  least  twenty-seven  years  of  age 
with  six  years'  professional  experience  and  one  year 
in    responsible   charge   of   work.     With  these   amend- 
ments the  Society  now  ranks  with   those  having  the 
very  highest  professional  requirements. 

The  Secretary  further  announced  tlie  vote  of  the 
tellers  on  the  Code  of  Ethics  publislied  in  The  Journal 
for  January  1913,  by  which  this  was  declared  to  be  the 
code  of  the  Society. 

Henry  Hess  moved  tJiat  article  C  45  of  the  Con- 
stitution be  amended  by  adding  to  the  list  of  standing 
committees  the  Committee  on  Standardization.  This 
will  come  up  for  discussion  at  the  Annual  Meeting. 

The  next  subject  was  the  report  of  the  Committee  on 
Standardization    of    Flanges.      This    report    had    pre- 
viously been  approved  by  the  Council  with  an  expres- 
sion of  high  appreciation  of  the  work  which  had  been 
done.     The  report  as  presented  was  the  result  of  con- 
ferences of  several  bodies  interested,  held  at  Washing- 
ton, D.  C,  in  March  and  in  the  rooms  of  the  Society 
m  New  York  in  April.     At  these  conferences  several 
changes  were  made  in  the  schedule  as  presented  for 
preliminary  discussion  at  the  Annual  Meeting  in  De- 
cember  and   published   in    The   Journal   for   January 
under  the  title  of  the  "American  Standard."     The 
various   differences  of  the  several  interests  had  been 
adjusted  satisfactorily  with  the  one  exception  of  the 
name  by  which  the  report  should  be  known.     Earnest 
T.  Child  and  Edward  B.  Denny  spoke  for  the  National 
Association  of  Master  Steam  and  Hot  Water  Fitters 
m  favor  of  the  name  "  191.5  U.  S.  Standard.'"    As  the 
first  report  was  issued  under  the  name  "  1912  U.  S. 
Standard  "  and  had  become  widely  known,  they  felt 
tliat  it  would  be  advantageous  to  retain  the  name",  with 
the  date  changed.    As  their  organization  had  initiated 
the   movement   for   standardization,    the    continuation 
of  the  original  name  would  also  be  in  the  nature  of  a 
courtesy  to  them.    A.  B.  Carhart  said  that  ordr-rs  were 
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coming  to  liis  fii'iii  foi'  "■  I'.  S.  Standard  "  flanges  as  fi 
result  of  the  1912  report,  without  distinction  being 
made  as  to  the  year,  and  that  confusion  might  arise 
if  the  revised  report  should  bear  a  similar  title. 

A  motion  was  mailc;  and  carried  that  the  matter  of 
the  name  be  referred  to  a  committee  composed  of  ap- 
pointees of  each  of  the  societies  or  bodies  interested  in 
this  report. 

Ne.xt  followed  what  i)roved  to  be  tii(>  event  of  the 
business  meeting,  a  discussion  uj)on  the  subject  of 
si)eeifications  for  steam  boilers.  The  tentative  draft 
of  the  Committee  on  Steam  Boiler  Specifications  had 
been  printed  and  distributed  among  a  lai-ge  number  of 
engineers  so  that  the  work  of  the  committee  might  be 
cheeked  up  and  revised  before  the  report  was  submitted 
for  general  discussion  as  will  be  the  case  at  the  next 
Annual  Meeting.  There  had  been  a  meeting  at  Chi- 
cago on  tlie  previous  Monday  attended  by  representa- 
tives of  the  Association  of  Steel  Manufacturers,  the 
Association  of  Tubular  Boiler  Manufacturers  and  the 
Boiler  Specifications  Committee  of  the  Society  at 
which  there  was  discussion  with  regard  to  the  steel 
specifications  to  be  embodied  in  the  report.  The  dis- 
cussion on  Wednesday  morning  was  mainly  a  continu- 
ation of  that  started  at  Chicago  and  the  Chairman  an- 
nounced that  it  would  be  considered  informal  only. 
It  led  to  a  motion  providing  for  a  meeting  at  which 
the  organizations,  manufacturers  and  others  concerned 
could  appear  to  i^resent  their  arguments  before  the 
Committee  and  during  the  discussion  of  this  the  Chair- 
man finally  asked  those  most  interested  to  adjourn  to 
another  room  so  that  the  resolution  could  be  init  into  a 
definite  shape  and  be  presented  to  the  meeting  at  the 
following  session.  This  was  done  and  at  the  afternoon 
session,  E.  E.  Keller,  Vice-President,  who  acted  as 
Chaii'man  at  the  separate  meeting,  I'ead  the  following 
i-esolutions : 

Resolved  that  on  Septemljer  15,  1914,  a  eummittee  hold 
iu  the  rooms  iif'  The  American  Society  of  Mechanical  En- 
gineers, 20  West  39tli  Street,  Xew  York,  a  hearing  of  all 
interested  and  coiu-erned  in  the  jireliminary  report  of  the 
committee  ap])ointed  to  formulate  standard  specifications  for 
the  construction  of  steam  boilers  and  other  jiressure  vessels 
and  for  care  of  same  in  service,  and  that  those  desiring  to 
l)artici])ate  in  the  discussion  present  in  -m-iting  their  criti- 
cisms and  discussions  prior  to  August  15. 

Resolved  that  in  addition  to  invitations,  notification  by 
imblication  in  the  technical  press  be  given  to  tiie  hearing. 

The  I'esolutious  were  adopted  after  considerable  dis- 
cussion. 

PR()FESS1(JN.\L  SESSIONS 

Following  the  b\i.siness  meeting,  the  first  technical 
session  was  held  on  the  subject  of  Powdered  Fuel, 
which  was  followed  by  a  topical  discussion  with  several 
contributions  in  reply  to  a  set  of  questions  covering  a 
immber  of  items  relating  to  the  use  of  pulverized  coal. 

Two  othei-  technical   sessions  were  held   during  tlic 


meeting,  one  on  Wednesday  afternoon,  with  a  series  of 
miscellaneous  papers,  and  one  on  Thursday'  morning 
at  the  University  of  iliunesota,  when  papers  by  local 
engineers  were  presented.  These  will  be  reported  in 
The  Jouiiial.  The  following  is  a  list  of  the  papers 
read  : 

Pti.vERizEi)  Coal  Burxixc;  ix  tue  Cemest  Ixdistrv,  R.  C. 

Carpenter 
I'li.vERizEi)  Coal  roR  Steam  Making,  F.  K.  Low 

Ax    IXSTALLATIOX    FOR   PoWJ)EREU    COAL    FUEL   IN    INDUSTRIAL 

FrRXACES,  Wm.  Dalton  and  W.  S.  Quigley 

IXDUSTRLVL  SERVICE   WORK   IX    KxGIXEERING   SCHOOLS,  J.   W. 

Roe 

Classificatiox  axd  IIeatixi;  X'ahe  of  Aiierican  Coals, 
Wm.  Kent 

The  Railroad  Track  Scale.  W.  Wallace  l!oyd 

Gear  Testing  Machine,  Wilfred  Lewis 

A  Flow  Meterixg  Appliance,  A.  M.  Levin 

Power  Develop.ment  at  the  High  Dam  Between  Minne- 
apolis AND  St.  Paul,  Adolph  F.  Meyer 

The  Handling  of  Coal  at  the  Head  op  the  Great  Lakes, 
G.  H.  Hutclunson 

Minneapolis  Flour  Milling,  Charles  A.  Lang 

INFERENCE   LUNCHEON 

Following  the  adjournment  of  the  Wednesday  morn- 
ing session,  June  17.  a  conference  luncheon  veas  ten- 
dered by  the  members  of  the  Council  to  representatives 
of  local  committees  and  sections  in  attendance  at  the 
meeting.  The  Council  was  represented  by  Messrs. 
Gaiitt,  Reist,  Keller,  Davidson,  Jackson,  Hess,  Hunter, 
and  Secretary  Rice,  and  13  representatives  of  the  Min- 
nesota section  and  other  local  committees,  the  luncheon 
being  laid  for  21  covers. 

Opportunity  was  here  oft'ered  for  a  general  discus- 
sion of  local  committee  and  section  matters,  and  Sec- 
retar_s-  Rice  pointed  out  the  great  opportunity  for  de- 
velopment of  the  activities  of  the  Society  through  the 
local  section  work,  giving  an  account  of  the  present 
state  of  this  branch  of  the  Society's  afl^airs.  He  also 
gave  an  interesting  account  of  publication  matters  and 
other  features  of  general  interest  in  connection  with 
the  work  at  the  headquarters  in  New  York. 

WEDNESDAY    EVENING    LECTURE 

On  Wednesday  evening  John  Hearding,  superintend- 
ent of  the  Oliver  Iron  Mining  Company,  Duluth,  de- 
livered a  lecture  on  Ore  Handling,  in  whicli  he  showed 
all  phases  of  iron  mining  work  on  the  ilesaba  Range 
from  the  rough  mining  methods  in  the  jtit  to  the 
shipping  of  the  ore  and  its  chemical  analysis.  The 
speaker  illustrated  his  remarks  with  moving  pictures 
which  showed  the  processes  in  the  most  graphic  man- 
ner, including  the  steam  shovels  at  work,  the  various 
methods  of  mining,  especially  the  open  method  which 
is  the  one  employed  with  the  steam  shovel,  and  finally 
the  shipment  of  the  ore  itself.  Sampling  of  the  ore 
was  shown  and  also  the  weighing  of  each  car  automat- 
ically as  the  train  passes.  The  rapidity  with  which  a 
vessel  may  be  loaded  with  the  ore  from  the  stock  bins 
into  which  it  is  delivered  from  the  train  was  also  shown. 
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Tliere  was  a  large  attendanet.'  at  this  lecture,  whicii  was 
one  of  the  most  successful  events  of  the  convention. 

SESSION  AT  THE  UNIVERSITY  OP   MINNESOTA 

The  meeting  of  Thursday  morning  was  held  in  the 
main  engineering  building  of  the  University  of  Min- 
nesota, in  Minneapolis,  and  was  called  to  order  at  10 
o'clock  by  C.  L.  Pillsbury.  Mr.  Pillsbury  made  a  few 
brief  introductory  remarks  in  which  he  s])oke  of  the 
pride  of  ^linnesota  in  its  university  and  its  achieve- 
ments. The  main  engineering  building,  he  said,  is  in 
reality  the  nucleus  of  a  group  of  new  and  very  fine 
engineering  buildings  which  are  to  surround  it  on  the 
campus,  constituting  the  College  of  Engineering.  The 
Experimental  Engineering  Building  has  already  been 
constructed,  and  the  Chemistry  Building,  the  third  of 
the  group,  is  now  under  way,  and  is  expected  to  be 
when  completed  one  of  the  finest  in  the  world  in  point 
of  equipment  and  design  for  the  purpose  for  which  it 
is  intended.  A  new  Electrical  Building  and  a  new 
Mechanical  Engineering  Building  will  l)e  the  next  in 
order. 

ilr.  Pillsbury  then  introduced  the  Hou.  Fred  B. 
Snyder,  Senator,  and  Regent  of  the  University.  Mr. 
Snyder  briefly  recounted  the  histoiy  of  the  State,  from 
its  beginning  as  French  territory  to  its  entrance  into 
the  Union  as  a  full-fledged  State.  He  said  that  he  was 
born  in  tlie  first  house  built  on  the  other  side  of  the 
Mississip]3i  River  and  was  a  babj'  in  his  mother's  arms 
at  a  time  when  it  was  not  infrequent  to  see  Indian 
faces  peei'ing  in  at  the  window.  If  so  much  can  be 
done  in  a  community  in  fifty  years,  what  will  the  next 
lialf  Century  have  to  show  in  tlie  way  of  progress?  He 
spoke  further  of  the  architectural  plans  of  the  Uni- 
versity and  of  how  in  1863,  to  liquidate  its  indebted- 
ness, a  committee  of  citizens  voluntarily  offered  their 
services  to  prevent  the  forced  sale  recommended  by  the 
legislature.  He  also  said  that  the  State  owed  much 
to  the  pioneer  New  England  stock  who  formed  its  first 
colonists. 

Prof.  II.  T.  Eddy,  Emeritus  Dean  of  the  Graduate 
School  of  the  University,  was  then  introduced.  The 
Engineering  College,  he  said,  was  unique  in  the 
United  States,  in  that  the  students  were  almost  exclu- 
sively drawn  from  Minnesota,  and  that  during  the  past 
twenty  ^-ears  it  had  grown  from  almost  nothing  to  a 
size  which  places  it  in  competition  with  other  engi- 
neering colleges.  Several  problems  have  confronted 
the  faculty,  among  them  how  its  students  sliall  be  best 
fitted  for  their  profession,  as  a  result  of  which  an  addi- 
tional year  has  been  added  to  the  customary  four,  in 
which  more  strictly  professional  work  has  been  in- 
cluded. 

Mr.  Snyder  was  then  called  upon  again  to  speak  of 
the  ownership  by  the  State  of  certain  lands  which 
furnish  the  University  funds,  since  the  University  has 
no   endowment,   but   is   entirely   dependent   upon    the 


legislature  for  its  support.  Mr.  Snyder  said  that  a 
fixed  rate,  0.23  of  a  mill,  is  customarily  levied  upon  the 
total  assessed  value  of  the  State,  but  in  addition  to 
this  a  provision  has  been  incorporated  into  the  State 
organization  that  certain  fixed  lands  shall  be  set  aside 
for  the  support  of  edu'catiou.  There  are  also  certain 
lands  whicli  have  come  by  way  of  grants  from  the 
Govei'nment  which  are  used  for  the  same  purpose. 
Many  of  these  are  mineral  lands,  which  are  leased  to 
operating  parties,  and  the  royalty  derived  is  devoted 
to  the  University. 

II.  G.  Reist,  Vice-President,  representing  the  Coun- 
cil, then  took  the  chair  and  made  a  few  brief  remarks 
on  the  inspiration  such  an  active  connnunity  as  the 
Twin  Cities  afforded  to  visitors.  He  had  been  particu- 
larly impressed  with  the  valuable  property  set  aside 
for  iiark  purposes  as  well  as  with  the  beautiful  build- 
ings, and  with  the  fine  state  of  preseiwation  of  the 
river  banks.  On  behalf  of  the  Society  he  thanked  the 
local  members  for  their  eft'orts  in  arranging  for  so  in- 
teresting a  program  and  for  their  w'elcome  to  their 
community.  He  then  said  that  he  thought  the  meet- 
ing would  be  interested  in  the  fact  that  the  Society's 
president,  ilr.  James  Hartness,  had  been  detained  from 
the  Convention  because  Yale  was  honoring  him  with 
the  degree  of  Master  of  Arts,  which  required  his  pres- 
ence in  New  Haven.  It  was  moved  and  seconded  by 
the  meeting  that  the  following  telegram  of  congratula- 
tion be  sent  to  President  Hartness : 

The  members  of  The  American  Society  of  Mechanical 
Engineers  have  learned  with  great  satisfaction  of  the  dis- 
tinguished honor  of  the  degree  of  Master  of  Arts  which  has 
been  conferred  on  you  by  Yale  University,  and  wish  to  ex- 
[iress  not  onl-\'  their  congratulations  to  you  but  that  you 
should  have  hruugbt  such  distinction  to  the  profession. 

The  technical  papers  of  the  session  were  then  pre- 
sented. 

At  the  conclusion  of  the  session  a  buffet  luncheon  was 
served  in  the  Experimental  Engineering  Building,  at 
which  the  ladies  were  also  present.  The  following  res- 
olution of  thanks  was  passed  at  the  luncheon : 

Whereas,  The  American  Society  of  Mechanical  Engineers, 
assembled  in  convention  from  June  16  to  19,  1914,  at  St. 
Paul-Minneapolis,  Minnesota,  has  received  a  most  cordial  and 
spontaneous  welcome  from  the  members  and  friends  of  the 
Society  in  these  Twin  Cities  and  vicinity  and  has  enjoyed 
the  results  of  the  tireless  efforts  and  faultless  preiiaration  of 
the  local  committees,  and 

Whereas,  the  visiting-  members  and  guests  have  been  the 
recipients  of  the  delightful  entertainment  so  bountifully  pro- 
vided, and  have  had  the  o))portunity  to  visit  places  of  marked 
technical  interest; 

Be  it  Resolved:  That  on  behalf  of  the  Society,  visiting 
members  and  guests,  a  vote  of  thanks  be  extended  to  all  who 
have  participated  in  these  substantial  evidences  of  friendshi]) 
and  good-will,  with  the  assurance  that  such  a  formal  resolu- 
tion as  this  is  but  a  poor  and  outward  symbol  of  the  deep 
feeUng  of  gratitude  which  each  visitor  personally  feels  for 
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tlie  liospitality  so  generously  extended;  furtlier,  that  the  Sec- 
retary be  instructed  to  extend  thanks  by  written  letter,  to  the 
local  Executive  Committee,  the  Ladies'  Committee  and  the 
other  local  committees;  and  to  all  individuals  and  organiza- 
tions that  have  contributed  to  our  entertainment  including  the 
educational  institutions  and  clubs  of  the  cities;  and  in  special 
measure  to  Mr.  Gebhard  Bolm  for  the  invitation  to  his  home 
for  this  aflernoon  and  evening. 

RECEI'TIO.N  .\T  KKSIDEXCE  OK  MR.  GEBHAKD  BOHN 

Immediately  after  luncheon  the  members  and  guests 
were  conveyed  by  special  train  to  the  residence  of  Mr. 
Gebhard  Bohn  on  Lake  Miuuetonka,  where  elaborate 
pi'ei)arations  had  been  made  for  their  entertainment. 
Jlr.  Bohn's  residence,  one  of  the  most  beautiful  on  the 
Lake,  has  an  ideal  location  on  a  peninsula  which  gives 
it  the  advantages  of  an  island,  while  it  is  nevertheless 
connected  with  the  main  land.  The  grounds,  which 
are  finely  laid  out,  were  thrown  open  to  the  visitors  and 
everything  possible  arranged  for  their  enjoyment  and 
comfort.  A  platfoi-m  was  erected  at  one  end  of  the 
grounds  for  dancing,  and  entertainment  of  a  profes- 
sional nature  was  also  provided.  Daylight  fireworks 
also  delighted  the  guests,  and  much  amusement  was 
furnished  by  a  silhouette  artist  who  caricatured  prom- 
inent members  of  the  Society  who  were  present  as  well 
as  local  celebrities.    Supper  was  served  about  6  o'clock. 

EXCURSIONS 

The  Local  Committee  had  arranged  an  attractive  list 
of  excursions  to  inspect  industrial  developments  in  the 
vicinity  of  St.  Paul-Minneapolis  and  a  neat  brochure 
was  issued  relating  to  these.  Perhaps  of  first  interest 
was  the  High  Dam  across  the  ^Mississippi  between  the 
two  cities,  a  description  of  which  was  given  in  one  of 
the  papers  presented,  but  unfortunately  high  water  in 
the  Mississippi  at  the  time  of  the  Convention  endan- 
gered the  cotter  dam  and  the  incompleted  structures 
so  that  the  inspection  of  the  work  there  could  not  be 
ma(h^. 

Among  other  public  institutions  or  plants  to  be  vis- 
ited were  the  new  States  Prison  at  Stillwater,  having 
a  mechanical  equipment  of  great  magnitude,  includ- 
ing not  only  a  central  power  plant  and  distribution 
systems  for  water,  heat,  light,  etc.,  but  complete  man- 
ufacturing equipment,  signal  systems,  refrigerating 
plants,  etc.  A  trip  was  arranged  to  the  main  power 
plant  of  the  Twin  City  Rapid  Transit  Company  hav- 
ing twenty-five  5.50-h.p.  boilers  and  several  turbines 
of  large  size,  besides  water  power  equipment.  Other 
power  plants  inspected  were  those  of  the  Consumers 
Power  Company^,  the  St.  Paul  Gas  Light  Company  and 
the  Minneapolis  Genei'al  Electric  Company. 

There  were  also,  of  course,  the  great  flour  mills, 
located  near  the  Falls  of  St.  Anthonv  on  the  east  bank 


of  the  ^lississippi,  where  within  a  space  of  eight  square 
blocks  is  to  be  found  the  largest  milling  center  in  the 
world.  In  this  district  are  22  of  the  26  mills  in  opera- 
tion in  the  city  of  ilinneapolis,  among  these  being  the 
Washburn-Crosby,  Pillsbury,  and  the  North  Western 
Consolidated,  with  a  daily  output  of  77,000  barrels  of 
flour.  The  modern  and  highly  efficient  character  of 
the  machinery  employed  in  the  mills  is  illustrated  by 
the  fact  that  the  Washburn-Crosby  Company  has  re- 
cently scrapped  a  power  plant  costing  .$30,000  in  order 
to  replace  it  with  the  most  modern  equipment. 

The  industrial  plants  visited  in  St.  Paul  included 
that  of  the  White  Enamel  Refrigerator  Company,  man- 
ufacturing house  and  special  refrigerators  and  the 
refrigerator  equipment  for  refrigerator  cars.  There 
are  now  about  70,000  of  these  cars  in  operation  in  the 
United  States  and  Canada  and  all  of  the  fruit  and 
vegetables  raised  on  the  Pacific  Coast  are  transported 
in  them.  A  second  plant  of  this  company,  the  North- 
ern Insulating  Company,  is  devoted  to  the  manufac- 
ture in  immense  quantities  of  flax  fiber  for  insulation 
for  refrigerators,  the  processes  of  which  are  unique. 

At  the  American  Hoist  &  Derrick  Company,  man- 
ufacturers of  derricks  of  all  descriptions,  hoisting  en- 
gines, electric  hoists,  locomotive  cranes,  railroad  ditch- 
ers, log  loaders  and  wire  roi)e  clips,  the  actual  work- 
ing of  a  railroad  ditcher  was  shown.  Griggs,  Cooper 
&  Company,  with  an  equipment  for  making  crackers 
and  candy,  the  Waldorf  Box  lioard  Company,  which 
has  a  tonnage  of  about  300  tons  per  day,  and  the  Crex 
Carpet  Company  were  also  thrown  open  to  visitors. 

In  ilinneapolis,  the  trips  included  the  ^linneapolis 
Steel  &  Machinery  Company,  making  a  variety  of  prod- 
ucts from  steel  bridges  to  the  smallest  of  iron  and  steel 
castings.  The  tractors  made  by  this  concern  are  a  de- 
piirture  in  farm  implements,  designed  to  replace  the 
hor.se  in  routine  plowing,  harrowing  and  hauling  for 
farm  work.  A'isits  were  also  made  to  the  North  Star 
Woohn  Mills  and  the  North  Western  Knitting  Com- 
pany. 

During  the  convention  the  ladies  were  shown  about 
St.  Pa\il  and  Minneapolis  in  automobiles  and  given 
every  opportunity  to  see  the  many  attractions  of  the 
locality.  Each  guest  was  presented  with  a  souvenir  of 
the  convention,  in  the  form  of  a  small  silver  coin  purse. 

DULUTH    EXCURSION 

After  the  close  of  the  convention  on  Friday,  about 
forty  members  availed  themselves  of  the  opportiuiity 
to  visit  the  city  of  Duluth,  in  response  to  the  invita- 
tion of  the  local  members,  represented  by  T.  W.  Hugo. 
The  visitors  were  shown  the  harbor  of  Duluth  by  moon- 
light on  Friday  evening,  and  on  the  following  day 
viewed  the  lai'ge  ore-handling  ap[)aratus  of  the  city. 


THE  HANDLING  OF  COAL  AT  THE  HEAD  OF  THE  CxREAT  LAKES 


BY   G     It     HUTCHINSON,'   ST.    PAUL,    MINX. 
Non-Member 


AN  industry  of  such  importance  as  the  handling  of 
coal  on  the  Great  Lakes  is  of  interest  from  an 
historical  as  well  as  a  mechanical  view  point,  so  that  it 
lias  seemed  well  to  trace  briefly  the  growth  of  the 
traffic  and  to  give  step  by  step  tlie  gradual  develop- 
ment of  the  mechanical  coal  handling  devices  from  the 
simple  beginning  to  tlie  present  elaborate  installations. 


MILWAUKEE 
CHICAGO 
BUFFALO 
DULUTH- SUPERIOR 


10      15     20     25      30    55     40    45 
MILLIONS  OF  TONS 

Fig.  1    Diagram  showing  tonnage  handled  at  twin  ports  of 
dcluth-superior,  chicago,  milwaukee  and  buffalo 
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greater  dispatch  and  with  less  confusion  and  conges- 
tion than  would  be  possible  by  rail.  The  transporta- 
tion annually  of  many  million  tons  of  iron  ore,  copper 
and  coal,  of  large  quantities  of  manufactured  goods, 
and  immense  grain  crops  from  tributary  ten-itory  has 
resulted  in  tlie  building  up  of  several  natural  centers 
of  distribution  of  considerable  magnitude.  Among 
these  in  order  of  tonnage  are  the  twin  ports  of  Duluth- 
Superior,  Chicago,  Milwaukee  and  Buffalo,  together 
with  a  large  number  of  other  ports  of  importance  on 
the  lower  and  upper  lakes.  Fig.  1.  The  Great  Lakes 
not  only  facilitate  the  distribution  to  consumers  of 
the  products  of  the  mines,  the  soil  and  the  factory, 
but  make  possible  the  bringing  together,  at  a  minimum 
cost  for  transportation,  of  millions  of  tons  of  iron  ore 
and  coal,  a  factor  of  importance  in  the  cheap  produc- 
tion of  steel. 

The    Duluth-Superior   harbor    at    the    head    of    the 
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Fig.  2     Diagr.am  showing  marked  increase  in  coal  trade  .and  of  lake  and  rail  traffic  of  all  kinds 


The  natural  waterway  formed  by  the  Great  Lakes, 
extending  for  1000  miles  from  Buffalo  to  the  head 
of  the  lakes,  not  only  affords  cheap  transportation,  but 
facilitates   the   handling   of   enormous   tonnage   with 


■  Chief  Engineer,  North  Western  Fuel  Company. 
Presented   at  the   Spring  Meeting,    St.   Paul-Minneapolis 
Tile  American  Society  ot  Mechanical  Engineers. 
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lakes  is  not  only  the  natural  distributing  point  for 
the  Northwest,  but  the  harbor  itself  is  unsurpassed, 
considering  the  essential  features  of  safety,  size  of 
harbor,  length  of  shore-line,  and  the  large  easily  im- 
proved ai'ea  available  for  dockage. 

The  shipment  of  coal  to  the  Northwest  by  way  of 
the  Great  Lakes  began  as  far  back  as  1855,  when  about 
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1414  tons  passed  through  the  Soo  CanaL  Little,  if 
anj^,  of  this  was  taken  to  Duluth  and  Superior,  as  the 
bulk  of  it  went  to  the  copper  country  in  Michigan.  It 
remained  for  Jlr.  E.  N.  Saunders,  for  many  years 
president  of  the  North  Western  Fuel  Company,  to 
conceive  the  idea  that  coal  could  be  easily  and  cboaph' 
carried  by  way  of  the  Great  Lakes  through  the  Soo  to 
this  northwest  territory,  so  much  in  need  of  good  fuel 
at  reasonable  prices.  In  1871,  he  brought  up  the  first 
cargo  of  commercial  coal  ever  unloaded  in  Duluth,  and 
his  total  shipments  during  that  year  were  about  3000 
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Fig.  3    Diagram  showing  estimated  annual  valuations  of 

FREIGHT   passing  THE   SoO   FROM    1887   TO   1912 


tons.  This  enterprise  was  conducted  by  Mr.  Saunders 
personally  for  a  period  of  about  four  years,  during 
which  time  he  had  no  dock  and  the  coal  was  unloaded 
for  him,  eitlier  by  the  railroad  company  or  by  B.  S. 
Kussell,  a  dealer  in  Duluth.  The  coal  was  not  stocked, 
but  was  reshipped  direct  by  rail.  The  coal  business 
having  grown  to  somewhat  large  proportions,  the  lead- 
ing coal  dealers  in  St.  Paul  and  Minneapolis  fonned 
an  association  in  1875  to  handle  coal  at  Duluth,  which 
in  1877  was  organized  as  the  North  "Western  Fuel 
Company.  J.  J.  Hill  was  the  first  president  and  E.  N. 
Saunders  was  the  general  superintendent.  The  same 
year,  a  dock  was  secured  at  Duluth  and  equipped  for 
handling  coal. 


The  increase  in  tonnage  of  coal  distributed  through 
the  Northwest  is  perhaps  the  best  index  of  the  growth 
of  this  section  of  tlie  country,  as  coal  is  used  almost 
exclusively  for  fuel  for  domestic  and  power  purposes 
in  tlie  cities,  and  for  locomotive  firing,  and  is  also  in 
general  use  throughout  the  farming  districts.  To  a 
limited  extent,  Eastern  coal  shipped  by  lakes  is  distri- 
buted as  far  west  as  the  Pacific  coast.  The  growth  of 
the  coal  traffic,  which  has  been  very  rapid  within  the 
past  few  years,  will  be  further  augmented  by  the 
general  growth  of  the  Northwest,  the  demands  made 
by  the  mills  of  the  Minnesota  steel  plant  now  uearing 
completion,  and  by  industries  which  will  be  established 
near  the  steel  plant  with  a  view  to  the  fabrication  of 
its  output.  The  demand  for  coal  will  be  further  in- 
creased by  the  decreasing  available  supply  of  wood 
for  fuel. 

The  kinds  of  coal  transported  by  water  for  distribu- 
tion through  the  Northwest  comprise  the  various 
grades  of  bituminous  and  anthracite  and  the  several 
intermediate  grades  of  coal  from  Pennsylvania,  "West 
Virginia,  Ohio,  Maryland  and  Kentucky;  the  bitu- 
minous coal  from  Illinois  and  Iowa  and  other  states 
being  distributed  by  rail.  Briquets  for  both  power 
and  domestic  purposes  are  also  being  manufactured  in 
considerable  quantities  at  Superior  from  anthracite 
dust  and  Pocahontas  smokeless  screenings. 

The  marked  increase  in  the  coal  trade,  as  shown  in 
the  diagram  in  Pig  2  and  of  lake  and  rail  traffic  of 
all  kinds,  has  called  for  radical  development  in  the 
means  for  lake  and  rail  transportation,  and  in  the 
harbor  and  other  terminal  facilities,  and  the  writer 
believes  that  the  statement  is  justified  that  this  demand 
is  being  met  in  an  adequate  manner.  As  in  other  lines 
of  activity,  the  increased  volume  of  business  and  the 
development  of  facilities  are  mutually  dependent, 
each  making  the  other  necessarj'  and  possible.  In 
considering  the  extensive  and  highly  developed  equip- 
ment of  today  required  by  the  large  tonnage  handled, 
we  should  not  lose  sight  of  the  fact  that  the  primitive 
methods  and  equipment  may  have  been  as  well  adapt- 
ed, all  features  considered,  to  the  primitive  conditions 
and  to  handling  the  tonnage  of  the  early  days,  as  the 
modern  methods  and  equipment  are  suited  to  the 
present  conditions  and  demands.  The  dispatch  which 
is  required  in  handling  large  tonnage,  is  the  chief 
clement  justifying  as  well  as  demanding  present  day 
equipment  and  facilities,  for  when  ultimate  economy 
is  considered,  the  gain  is  apparent  rather  than  real,  as 
the  cost  of  actually  handling  coal  is  but  a  small  per- 
centage of  the  total  cost,  including  initial  investment, 
maintenance  and  other  overhead  charges.  This  devel- 
opment of  facilities  has  not  been  restricted  to  any 
individual  feature,  but  has  been  general  and  applies 
to  methods  of  mining,  preparation  of  coal  at  mines, 
transportation  to  lake  ports,  loading  to  vessels,  water 
transportation,  and  the  unloading  and  other  handling 
operations  at  the  receiving  docks. 
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Fig.  4    First  End  Car  Dumper,  designed  by  G.  H.  Hulett, 
installed  at  ashtabula,  ofho,  in  1893 


Fig.  5  Hulett  Car  Dumper,  inst.alled  on  Buffalo,  Rochester 
AND  Pittsburgh  Dock  about  1898 
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Fig.  7     Thornburg  Car  Dumper,  built  bt  Web.ster,   Camp 
AND  Lane,  1896,  and  installed  at  Sandusky,  Ohio 


Fig.  6     McMyler  Car  Dumper,  Philadelphia,  Pa. 


Fig.  8    Hulett  Traversing  C.a.r  Dumper,  built  by  Wellman- 
Seaver-JMorgan    Company    for  Stocking    Iron  Ore  at 
Pittsburgh  Steel  Compan-y's  Plant,  Monessen,  Pa. 
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DEVELOPMENT  OP  TRAFFIC  ON  THE  GREAT  LAKES 

The  degree  iu  which  lake  vessels  have  responded  to 
the  demand  of  increasing  traffic  becomes  evident  when 
we  consider  that  40  years  ago  tlie  lake  craft  was  made 
up  largely  of  wooden  schooners  of  300  tons  to  700  tons 
burden,  at  which  time  the  total  annual  tonnage  pass- 
ing through  the  Soo  canal  was  less  than  900,000  tons. 
In  1912,  out  of  a  total  of  853  freight  carriers,  there 
were  127  vessels  between  500  ft.  and  600  ft  long, 
having  carying  capacity  of  from  9000  to  11,000  tons; 
and  12  vessels  over  600  ft.  long,  luiving  a  carrying 
capacity  of  betwen  11,000  tons  and  14,000  tons.  The 
total  tonnage  pasing  the  Soo  canal  iu  1913  was  nearly 
80,000,000  tons.  Fig  3  shows  the  estimated  annual 
valuation  of  freight  passing  the  Soo  from  1887  to  1912. 
showing  an  increase  of  slightly  more  than  1000  per 
cent  during  25  years.  The  coal  passing  through  the 
Soo  canals  in  1855  was  10  per  cent  of  the  total  tonnage 
for  that  year;  in  1912  the  percentage  was  20.6  per 
cent. 

The  gradual  reduction  of  freight  rates  for  water 
transportation  of  coal  to  Lake  Superior  for  25  years 
is  also  shoAvn  in  Pig.  3,  from  which  it  will  be  noted 
that  the  rate  in  1912  was  30  cents  per  short  ton,  or  only 
one  third  of  that  in  1887. 

Forty  years  ago,  it  was  necessary  to  guarantee  re- 
turn cargo  for  a  boat,  before  chartering  it  for  a  trip 
to  the  head  of  the  lakes.  At  the  present  time,  how- 
ever, the  eastbound  shipments  from  Lake  Superior 
are  about  three  and  one-fourth  times  as  large  as  the 
westbound  shipments,  with  the  result  tliat  many  boats 
engaged  in  the  iron  ore  trade  return  light  on  the 
westbound  trip. 

The  increasing  tonnage  of  coal  handled  from  mines 
to  lake  and  seabord  ports  has,  in  conjunction  with  the 
iron  ore  traffic  from  the  lower  lake  ports  to  furnaces, 
led  to  the  introduction  of  railroad  cars  of  large  capac- 
ity, with  corresponding  development  of  track  and 
motive  power,  until  today  there  are  several  hundred 
90-ton  cars  in  service  on  at  least  one  road,  transport- 
ing coal  to  seaboard,  which  is  from  six  to  twelve  times 
the  size  of  coal  cars  of  40  years  ago,  and  provision 
is  now  being  made  at  tlie  docks  for  handling  still  larger 
cars. 

TRANSFER  OF   COAL   FOR  LAKE   SHIPMENT 

The  transfer  of  coal  at  the  lower  lake  ports  is  or- 
dinarily made  direct  from  cars  to  boats  without  stock 
ing.  Prior  to  1892,  coal  was  loaded  to  boats  from  rail- 
road cars  either  by  wheelbarrow  or  by  simple  derricks 
equipped  with  smaU  tubs,  into  which  coal  was  dumped 
or  shoveled,  depending  upon  the  kind  of  cars.  In 
about  1892,  however,  the  first  successful  car  dumper 
(Fig.  4)  was  built  at  Ashtabula  on  Lake  Erie  for 
dumping  the  entire  contents  of  gondola  cars  into  ves- 
sels at  a  single  operation.  This  was  an  end  dumper 
designed  by  Mr.  G.  H.  Hulett  and  built  by  the  Mc- 


Myler  Manufacturing  Company,  whicli  tilted  the  car 
endwise,  requiring  special  gondola  cars  with  end  doors 
for  discharging  the  contents  of  the  car  into  the  boat. 
After  the  installation  of  a  second  similar  end  dumper 
at  Fairport  in  1893,  there  followed  in  rapid  succession 
several  types  of  side  car  dumpers,  known  respectively 
as  the  McMyler,  Long,  Brown,  Thornburg  and  Hulett 
car  dumpers  or  tipples,  which,  as  the  name  indicates, 
tilted  the  cars  sidewise  and  permitted  the  handling  of 
all  types  of  gondola  cars,  discharging  the  coal  over 
the  sides  of  the  cars  into  a  concentrating  apron  or 
hopper,  Pigs.  5,  6,  7,  8  and  9.  So  far  as  specified  above, 
the  process  of  handling  the  coal  was  much  the  same 
by  the  various  side  car  dumpers,  but  for  the  remainder 
of  the  process,  in  which  the  coal  is  transferred  from 
the  concentrating  apron  or  hopper  to  the  hold  of  the 
vessel,  there  are  three  methods. 

a  That  in  use  on  the  earlier  dumpers  in  which  the 
coal  was  discharged  from  the  hopper  direct  to 
the  hold  of  the  boat  through  simple  sliort 
chutes ; 

b  That  in  use  on  several  of  the  dumpers,  built 
between  1895  and  1900,  in  which  the  coal  was 
discharged  from  the  concentrating  hopper  into 
two  or  moi'e  bottom  dump  skips  of  sufficient 
aggregate  capacity  to  hold  the  contents  of  a  car, 
these  skips  being  then  carried  over  the  boat  on 
rams  or  on  overhead  track  and  lowered  into 
the  hatch  before  dumping,  with  view  to  keep- 
down  the  breakage ; 

c  That  in  use  on  all,  or  nearly  all,  the  dumpers 
built  within  the  past  15  years,  and  on  a  few 
earlier  ones,  in  which  the  flow  of  the  coal  is 
measurably  controlled  within  articulated,  en- 
tirely enclosed,  telescopic  chutes  or  spouts,  which 
are  extended  to  the  bottom  of  the  boat  for 
starting  the  pile  of  coal  in  the  hold,  and  gradu- 
ally raised  as  the  pile  is  built  up,  thus  largely 
avoiding  free  fall  of  the  coal  in  order  to  reduce 
breakage. 

Tlie  number  of  car  dumpers  in  seiwice  is  increasing 
rapidly,  and  at  present  there  is  in  progress  the  instal- 
lation of  several  large  ear  dumpers  designed  for  hand- 
ling forty  100-ton  cars  per  hour.  In  all  the  car 
dumpers,  except  a  few  of  the  very  earliest  ones,  every 
precaution  has  been  taken  to  avoid  breakage  of  coal. 

DOCKS    FOR    RECEIVING,    STOCKING    AND    RESHIPPING    COAL 

At  the  receiving  ports,  in  addition  to  the  unload- 
ing of  coal  from  vessels  and  loading  to  cars  for  re- 
shipment  by  rail,  provision  is  made  for  the  stocking, 
during  the  season  of  navigation  of  about  seven  months, 
of  several  million  tons  of  coal  to  serve  as  reserve  stock 
for  supplying  the  heavy  winter  demands,  and  also  to 
be  drawn  upon  for  the  filling  of  such  orders,  during 
the  season  of  navigation,  as  cannot  be  reshipped  direct 
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from  boats  without  docking.  The  docks  for  receiving, 
stocking  and  reshii)j)iiig  of  coal  arc  built  out  from  the 
shore  and  vai-y  in  \\  idth  from  about  400  ft.  to  about  a 
quarter  of  a  mile,  and  in  length  from  about  1000  ft. 
to  thi-ee-quarters  of  a  mile.  Ordinarily  these  docks 
are  sei-vcd  by  a  single  slip  along  one  side,  although 
a  few  of  the  wider  docks,  which  are  equipped  for  un- 
loading on  both  sides,  have  two  vessel  slips  for  dis- 
charging cargo.  The  depth  of  water  in  these  slips 
should  be  as  much  as  21  ft,  and  some  slips  have  been 
dredged  to  a  depth  of  26  ft.  or  more  below  U.  S.  mean 
low  water  datum.  The  slips  are  of  various  widths  from 
about  60  ft.  or  75  ft.  up  to  about  200  ft. ;  in  the  wider 
slips  provision  having  been  made  for  the  passing  of 
two  of  the  widest  vessels  under  tow.  The  storage  areas 
are  surrounded  on  the  water  sides  by  timber  cribs,  ex- 
tending from  somewhat  below  the  bottom  of  the  slip 
to  dock  level  at  an  elevation  of  approximately  6  ft. 
above  mean  low  water;  or  by  combination  cribs,  in 
which  the  lower  timber  part  is  capped  with  concrete, 
which  extends  from  dock  level  to  somewhat  below  the 
surface  of  the  water.  In  both  types  of  construction, 
the  timber  cribs  are  ordinarily  sand  filled  and  addi- 
tional stability  is  provided  by  the  driving  of  piles  in 
front  of  the  front  and  back  walls,  and  further  in  some 
instances  by  anchoring  the  cribs  to  piles  driven  well 
back  in  the  dock  ai'ea.  The  dock  area  is  usually  filled 
with  sand  deposited  by  hydraulic  dredge,  which  gives 
very  satisfactory  results,  as  this  method  of  filling  in- 
sures against  settlement,  providing  the  original  bottom 
is  of  suitable  nature.  This  district  is  favored  in  having 
an  abundant  supply  of  river  and  lake  sand  suitable 
for  filling  purposes.  The  coal  storage  area  is  covered 
either  with  a  hard  or  soft  wood  plank  floor,  2  in.  or 
8  in.  thick,  or  is  paved  with  concrete. 

The  machine  tracks  on  which  the  coal  hoists  and  coal 
bridges  and  other  movable  equipment  travel  along  the 
dock,  are  ordinarily  of  pile  and  heavy  timber,  or  pile 
and  concrete  constiniction.  For  tracks  on  which  the 
heavier  bridges  travel,  100  lb.,  high-grade,  steel  rails 
laid  in  either  one  or  two  lines  are  required  at  each 
truck,  and  when  the  pile  and  concrete  construction 
is  used,  the  rails  should  be  carried  directly  either  on 
continuous  longitudinal  timber  stringers,  or  on  wood 
cross  ties  for  cushioning  the  rails. 

The  proper  provision  for  the  storage  of  loaded  ears 
and  empties,  and  the  loading  and  weighing  of  cars, 
with  sufficient  additional  trackage  to  supply  dispatcli 
in  switching  service,  requires  from  two  or  three  to 
five  miles  of  railroad  track  per  dock,  and  the  proper 
serving  of  these  tracks  requires  extensive  belt-line 
facilities. 

hevelopment  of  equipment  for  unloading,  stocking 
and  reloading  for  rail  shipment 

Prior  fo  1876,  tlie  equi])mcnt  for  unloading  coal 
from  vessels  comprised  a   tub  formed  of  a  half  oil 


barrel,  which  a  horse,  traveling  along  the  dock,  hoisted 
by  means  of  ropes  passing  around  deflecting  sheaves 
located  on  the  dock  near  the  water  front,  and  thence 
over  snatch  blocks  suspended  on  fore  and  aft  ropes 
spanning  the  distance  between  masts  on  the  vessel, 
permitting  tlie  shifting  of  the  tubs  along  the  suspen- 
sion rope  from  hatch  to  hatch.  In  unloading  by  this 
method,  the  boats,  which  were  of  300  tons  to  700  tons 
capacity,  were  required  to  lay  up  about  a  week.  After 
hoisting,  the  coal  was  dumped  into  wheelbarrows  and 
transferred  to  stock  pile  on  the  dock,  for  which  pur- 
pose wheeling  planks  were  provided,  extending  from 
fi  point  over  the  boat  to  the  rear  side  of  the  dock,  which 
at  this  time  had  a  width  of  about  50  ft  to  75  ft.  These 
wheeling  planks  were  carried  on  wooden  supports  or 
horses,  of  sufficient  height  to  clear  the  vessel  rail, 
which,  at  the  beginning  of  unloading,  would  be  about 
3  ft.  to  5  ft  above  the  dock.  From  time  to  time,  as 
the  boat  rose  in  being  unloaded,  it  was  necessary  to 
interrupt  the  taking  out  of  coal,  while  the  wheeling 
gang  blocked  up  the  several  bents  supporting  the 
wheeling  plank  on  the  dock  to  suit  the  new  height  of 
boat.  Delays  incident  to  this  work  occupied  about  50 
per  cent  of  the  total  unloading  time.  This  first  process 
is  shown  on  Fig.  10. 

In  1876,  the  first  improvement  was  made  at  Duluth, 
which  largely  avoided  this  delay,  permitting  practically 
continuous  work  in  the  actual  discharging  of  the  cargo. 
As  a  consequnce  of  this  first  improvement,  which  re- 
sulted in  greatly  increasing  dispatch  in  unloading,  the 
lake  freight  rate  was  cut  about  75  cents  per  ton, 
amounting  to  about  250  per  cent  of  the  present  lake 
rate.  Wliile  this  change  was  of  a  very  simple  nature, 
it  represents  a  greater  saving  per  ton  than  any  sub- 
sequent improvement,  and  in  fact  is  one  of  the  few 
developments  which  has  resulted  in  marked  increase 
in  dispatch  with  actual  reduction  in  cost  of  equipment 
and  operation. 

This  revised  method  of  unloading  is  shown  on  Figs. 
11  and  12,  from  which  it  Avill  be  noted  that  similar 
but  simplified  equipment  was  used,  and  that  the  im- 
provement resulted  principally  from  the  method  of 
supporting  the  wheeling  plank  and  of  stocking  the  coal. 
Tlie  wheeling  plank  was  placed  at  a  fixed  height  of 
about  10  ft.  above  the  dock,  and  was  carried  on  adjust- 
able horses  placed  on  the  deck  of  the  boat  and  on  a 
horse  located  on  the  front  of  the  dock.  As  the  boat 
rose,  the  wheeling  plank  was  maintained  at  a  con- 
stant height  above  the  dock  level  by  shifting  the  cross 
beams,  which  carried  the  wheeling  plank  on  the  horses, 
located  on  the  vessel  deck,  to  successively  lower  sup- 
ports on  these  horses,  which  operation  was  readily 
performed,  and  without  appreciable  delay  to  unload- 
ing operations. 

Another  feature,  which  reduced  the  time  and  simpli- 
fied the  operation,  was  the  method  of  building  the 
stock  pile,  which,  in  the  improved  method,  required 
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the  wheeling  plank  to  extend  only  to  the  crest  of  the 
10-ft.  pile  at  the  front  of  the  dock,  from  which  point 
the  pile  was  extended  at  full  height  to  the  rear  of 


by  tlie  dock  superintendent,  who  fii-st  used  this  im- 
proved method  at  the  head  of  the  lakes,  that  both  the 
original  method  referred  to  and  this  improved  method 


Fig.  10    Primitive  Method  of  Unloading  Coal,  in  General      Fig.  11     First  Improved  Method  used  in  1S76,  in  General 

USB    OVER   THE    LaKES    PRIOR   TO    1876  USE    OVER   THE    LaKES 


Fig.  12     Early  Method  of  Unloading  Coal  and  Iron  Ore  by  Hants  Sho\'elling  and  Wheelbarrow 


the  dock,  and  served  as  support  for  the  wheeling  plank 
thus  reducing  the  number  of  horses  required.  In  the 
original  method,  the  wheeling  plank  extended  the  full 
width  of  the  dock  from  the  start,  and  the  coal  pile 
was  bnilt  up  as  the  boat  rose.     The  writer  is  advised 


were  in  general  use  over  the  lakes  at  the  times  men- 
tioned. 

A  simple  form  of  derrick  was  in  use  in  Chicago  in 
1877  for  the  purpose  of  hoisting  coal  from  boats. 
About  1878  or  1879,  a  special  type  of  derrick  was  in 
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trodueed  on  the  North  Western  Fuel  Company's 
Duluth  Dock  No.  1,  six  of  which  were  spaced  along 
tlie  dock  front  about  66  ft.  apart,  and  arranged  for 
operation  in  pairs,  it  being  possible  to  operate  only 
one  pair  on  a  boat  at  a  time.  The  tubs  on  the  two 
derricks  were  hoisted  simultaneously  by  means  of  a 
small  hoisting  engine.  These  derricks  were  similar  to 
tliose  still  in  use  on  some  of  the  older  docks  at  Duluth 
and  Superior,  and  were  equipped  with  half-ton  Stueb- 
ner  self-riglitiiig  tubs  of  the  same  general  type  as  the 
tubs  now  ill  use.  Tracks  w'ere  provided  along  a  longi- 
tudinal  unloading  platform  about  20  ft.  above  dock 


Fig.  13    Dodge  Covered  Anthracite  Storage  Plant,  Lehigh 
Valley  Coal  Sales  Comp.int,  Superior 


level  with  turnouts  to  tracks  on  ti'ansverse  timber  man 
ways,  on  which  dump  cars  were  operated  by  hand, 
making  it  possible  to  stock  the  coal  to  a  depth  of 
about  20  ft.  on  any  part  of  the  dock,  irrespective  of 
the  position  of  tiie  boat.  This  gave  as  great  flexibility 
in  the  distribution  of  coal  in  stocking  as  is  afforded 
by  that  type  of  present  day  plant  in  which  bulk  is 
broken  at  dock  front  and  in  which  separate  hoisting, 
longitudinal  transferring  and  stocking  units  are  em- 
ployed. This  principle  of  flexibility  was  recognized 
in  this  first  steam-operated  plant,  although  it  remained 
tor  later  installations  to  perfect  the  structural  and 
mechanical  details. 

About  1881  or  1882,  a  third  and  marked  improve- 
ment was  made  by  the  introduction  of  a  main  lineshaft 
running  the  full  length  of  the  dock  and  equipped  with 
an  individual  hoist  for  each  derrick,  which  permitted 
the  independent  operation  of  each  derrick. 

In  1883,  a  Cleveland  concprn  installed  for  the  Ohio 
Central  Barge  &  Coal  Company  on  its  dock  in  Duluth, 
now  Pittsburgh  Dock  No.  1,  eight  wooden  bridges  of 
150  ft  span,  an-anged  four  along  each  side  of  tlie 
dock  and  patterned  after  similar  bridges  in  Cleveland. 
These  bridges  were  built  in  pairs,  with  boiler  and  two 
hoisting  engines  located  on  the  double  pier,  from  which 
point  a  rope  trolley,  equipped  with  1-ton  tub,  was 
operated    on    each    span.     They    were   equipped    with 


hinged  ajirons  extending  over  the  boat  when  in  service, 
and  raised  for  clearing  vessels  when  not  in  use.  Coal 
was  stocked  28  ft.  high.  The  bridges  were  moved 
along  the  dock  by  hand  power.  These  were  the  first 
coal-liandling  britlges  at  the  Head  of  the  Lakes. 

Furtlier  improvement  was  introduced  in  about  1885 
or  1886  in  the  spacing  of  the  derricks  to  suit  the  hatch 
spacing  on  the  boats,  which  was  now  becoming  more 
uniform,  making  possible  the  working  of  every  second 
hatch  simidtaneously  without  shifting  the  boat.  About 
tliis  time,  also,  cables  were  installed  on  the  level  stock- 
ing runways  for  pidling  dump  ears  in  both  directions 
by  power,  after  having  been  pushed  from  the  unload- 
ing platform  to  the  runways  by  hand. 

Prior  to  the  installation  of  the  first  reloading  run- 
way in  about  1885,  reloading  to  care  for  rail  shipment 
v.as  done  by  wheelbari-ow.  From  1885  to  1888  or  1889, 
these  reloading  runwajs  were  equipped  with  trolleys 
carrying  self-righting  tubs.  The  first  shovel  bucket, 
which  was  made  by  Mr.  Dole  of  Cleveland,  was  put 
into  service  at  the  Head  of  the  Lakes  on  the  Pennsyl- 
vania and  Ohio  dock,  at  present  known  as  the  Boston 
Dock  of  the  St.  Paul  &  Western  Coal  Company. 

In  1887,  nine  portable,  steam,  timber,  Hunt  hoists, 
each  equipped  w-ith  %-ton  tub  and  a  cable  railway 
stocking  system,  were  put  into  operation  on  the  Lehigh 
Coal  &  Coke  Company's  dock  in  Superior  on  St.  Louis 
Bay,  which  is  the  North  Western  Fuel  Company's 
present  Dock  No.  2.  The  hoists  were  located  on  an 
elevated  platform  at  the  dock  front,  along  which  they 
traveled  from  hatch  to  hatch  in  unloading  vessels. 
These  hoists  were  placed  opposite  the  runways  on 
which  it  was  desired  to  stock  the  coal.  Side  dump 
cars  carried  the  coal  back  to  the  stock  pile  by  gravity, 
at  the  same  time  raising  counterweights  which  re- 
turned the  empty  cars  to  the  hoists  for  reloading.  As 
these  cars  had  no  longitudinal  movement  along  the 
dock,  it  was  necessary  to  stock  the  coal  opposite  the 
point  where  it  was  unloaded,  making  in  this  respect  a 
less  flexible  system  than  that  last  mentioned,  in  which 
derricks  served  by  stocking  cars  traveling  longitudi- 
nally on  the  unloading  platform  and  transversely  on 
runways  were  used. 

In  1888,  the  Brown  Hoisting  Machinei-y  Company 
installed  for  the  Pioneer  Fuel  Company  four  steel 
bridge  tramways  on  their  dock  on  Rice's  Point,  Duluth. 
now  operated  by  the  Clarkson  Coal  &  Dock  Company. 
These  bridges,  which  are  still  in  use,  have  a  span  of 
188  ft.,  a  rear  SO  ft.  cantilever  extension,  and  a  hinged 
apron  34  ft.  in  length  for  lowering  over  the  boat. 
Eacli  bridge  is  carried  on  a  tilting  shear  leg  located 
at  the  front  near  the  apron  hinge.  The  two  outer 
bridges  are  carried  on  single  piers,  and  the  two  inner 
bridges  on  a  double  pier  at  the  rear,  spanning  two 
railroad  tracks.  A  boiler  and  four  steam  lioisting 
engines  are  installed  on  the  double  pier  for  operating 
the  four  bridges,  each  of  which  is  equipped  wdth  a 
rope  trolley  carrjdng  a  1-ton  tub.     The  bridges  are 
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propelled  on  machiue  tracks  along  the  dock  in  part 
by  steam  and  in  part  by  hand  power.  The  bridges 
are  inclined  with  a  rising  grade  toward  the  back  of 
the  dock,  and  are  pivoted  at  the  piers  to  permit  skew- 
ing horizontally  to  suit  hatch  spacing. 

In  1890,  three  similar  Brown  bridge  tramways  were 
erected  on  the  Silver  Creek  Coal  &  Dock  Company's 
dock,  Superior,  which  was  later  taken  over  by  the 
Philadelphia  &  Reading  Coal  &  Iron  Company,  and 
now  operated  by  the  Gi'eat  Lakes  Coal  &  Dock  Com- 
pany. In  1893,  three  Brown  bridges  of  the  same  type 
were  erected  on  the  Pennsylvania  &  Ohio  Fuel  Com- 
pany's dock  at  Duluth,  which  later  came  into  the  hands 
of  the  Boston  Coal  &  Wharf  Company.  In  1899  a 
single  additional  bridge  was  installed  on  this  dock,  this 
last  bi'idge  being  one  of  the  latest  installations,  if  not 
the  last  one,  where  tubs  were  used  exclusively,  or 
before  the  introduction  of  clamshells. 

In  1893,  the  McMyler  Manufacturing  Comi^any  in- 
stalled several  steel  bridges,  of  180  ft.  span  with  100  ft. 
cantilever,  on  the  dock  of  the  Youghiogheny  &  Lehigh 
Coal  Company,  Superior,  on  which  tubs  were  at  first 
used  but  later  replaced  by  1^4-ton  clams.  This  dock 
is  now  known  as  the  Pittsburgh  Dock  No.  3,  and  is 
operated  by  the  Reiss  Coal  Company.  The  Mead  Com- 
pany, in  about  1895,  installed  on  this  dock  an  auto- 
matic ear  and  cable  railway  system. 

In  1896,  the  McMyler  Manufacturing  Company  in- 
stalled several  stationary  timber  steam  hoists,  fitted 
with  steel  booms  and  equipped  with  rope  trolley  carry- 
ing clamshell  grab  bucket,  on  the  dock  of  the  Lehigh 
Valley  Coal  Sales  Company  at  Superior. 

In  about  1899,  four  steel  suspension  cable  tramways, 
operated  bj'  Lidgei'wood  hoisting  engines,  were  in- 
stalled on  the  Lehigh  Coal  &  Coke  Company's  dock, 
Superior,  which  had  already  been  partially  equipped 
with  the  movable  Hunt  hoists  previously  mentioned. 


Fig.  14  Brown  Hoist  Towers  on  North  Western  Fuel 
Comp.^ny's  Dock  No.  1,  Superior,  in  1902.  First  Elec- 
tric Dock 

At  the  time  these  hoists  were  built,  or  possibly  a  little 
later,  tliey  were  equipped  with  Dole  single  rope  clam- 
shell buckets  of  about  1-ton  capacity,  which  required 
hand  tripping.  In  1902,  a  fifth  tramway,  equipped 
^yith  grab  bucket,  was  installed  by  the  Mead  Company. 
Steam  was  furnished  by  main  steam  line  from  a  cen- 
tral boiler  plant  at  the  inner  end  of  the  dock.  In  un- 
loading coal  was  discharged  into  the  hopper  on  the 
front  pier,  and  stocked  by  means  of  bottom  dump 
skips.    Reclaiming  was  done  by  shovel  buckets. 

From  1886  to  1890  inclusive,  the  Dodge  system  of 
anthracite  storage^  was  developed  in  the  installation 
of  several  plants  in  the  East,  and  in  1894  a  110,000-ton 
covered  antliracite  plant  of  this  type  was  installed  for 
the  Lehigh  Valley  Coal  Sales  Company  at  Superior, 
comprising  two  units  of  55,000  tons  each  shown  in 
Fig.  13. 


'  Described  in  a  paper  on   Hoisting  and  Conves'ing  Machinery  by 
Geo.  E.  Titcomb,  Trans.  Vol.  30,  p.  123. 


Fig.  15    Brown  Hoist  Towers,  Bridges  and  Transfer  Cars  on  North  Western  Fuel  Company's  Dock  No.  1.    First  Electric 

Dock 
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FIRST  ELECTRIC  COAL  HANDLING  PLANT 

In  1901,  the  Brown  Hoisting  Machinery  Companj- 
started  for  the  North  Western  Fuel  Company,  the 
eousti-uetion  of  the  first  electric  coal  handling  plant 
ever  installed.  This  plant  consists  of  four  hoisting 
towers  with  one  and  one  half  ton  clam  shell  grab  buckets, 
later  replaced  by  two  ton  grab  buckets ;  three  transfer 
cars;  three  stocking  and  reclaiming  bridges,  each  hav- 
ing 155  ft.  2  in.  spans  and  42  ft.  9  in,  rear  cantilever, 
giving  overall  length  of  508  ft.  3  in.,  and  each  equipped 
with  one  stocking  man  trolley,  carrying  a  7-ton  self- 
righting  tub,  and  one  man  trolley  for  reclaiming,  car- 
rying a  4-ton  shovel  bucket.  The  hoisting  motors  on 
the  towers  are  controlled  by  drum  tj-pe  controllers 
and  magnetic  switches.  Two  continuous  lines  of 
timber  bins  are  provided,  one  near  the  front  end  of 
the  dock  immedately  in  the  rear  of  the  hoisting  towers, 
on  which  the  transfer  cars  travel,  and  one  at  the  rear 
of  the  dock  fonning  support  for  the  rear  bridge  tracks. 
Coal  is  unloaded  from  the  boat  by  means  of  the 
clamshell,  and  deposited  in  a  15-ton  hopper  in  the 
tower.  The  stocking  trolley  with  its  7-ton  tub  is 
brought  by  the  transfer  car  to  place  opposite  the  tower 
bin,  from  which  it  receives  the  coal.  The  transfer 
car  then  rims  to  a  bridge,  with  which  it  registers, 
permitting  the  stocking  trolley  to  deliver  coal  to  stock 
pile.  The  function  of  the  transfer  car  is  to  give  flexi- 
bility of  operation  in  unloading,  stocking,  reclaiming 
and  direct  reshipment  by  rail,  thus  permitting  the 
stocking  of  coal  wherever  desired  on  the  dock,  irre 
spective  of  the  location  of  tlie  vessel  and  hoisting 
towers,  and  equal  flexibility  in  loading  out. 

Later  a  fourth  bridge  was  added  with  reclaiming 
trolley.  Direct  current  is  furnished  this  equipment 
from  a  central  generating  system  located  on  the  dock. 
To  relieve  the  generators  of  the  high  peaks,  incident 
principally  to  accelerating  in  hoisting  and  traveling, 
a  storage  battery  was  installed,  having  momentary 
output  of  2040  amperes,  later  increased  to  2720  am- 
peres. The  rated  capacity  of  this  plant  was  the  un- 
loading of  a  5000  ton  boat  in  ten  hours.  In  actual 
perfoi-mance,  however,  this  has  at  times  been  consider- 
ably exceeded.  The  construction  and  equipment  of 
this  dock  is  important,  as  it  was  the  first  electrically 
operated  dock  in  the  world ;  the  first  on  which  coal 
liandling  man  trolleys  were  used ;  and  the  first  coal 
dock  on  which  all  the  operations  were  performed  by 
power,  making  possible  a  new  record  for  speed  and 
capacity  (Figs.  14,  15,  29  and  30). 

In  1902,  three  Brown  bridge  tramways  were  in- 
stalled for  the  Eastern  Railway  Company  of  Minne- 
sota, and  later  taken  over  by  the  Jones  &  Adams  Com- 
pany. This  dock  is  now  known  as  Pittsburgh  Dock 
No.  6,  and  opei-ated  by  the  Island  Creek  Coal  Sales 
Company.  These  bridges  were  equipped  with  rope 
trolleys  canying  ly^-ton  clamshell  grab  buckets,  and 
were  operated  by  steam. 


RECENT  INSTALLATIONS 

In  1905,  the  Mead  Company  installed,  for  the  M.  A 
llanna  Coal  Company  on  their  Superior  Dock,  a  plant 
comprising  three  .steam  traveling  unloading  hoists, 
which  are  mounted  on  a  longitudinal  unloading  plat- 
form, eacli  equipped  with  a  2-ton  clamshell;  two  262 
ft.  span  traversing  bridges  for  stocking  and  reclaim- 
ing bituminous  coal,  and  Mead  automatic  cars  and 
cable  railway  for  stocking  both  bituminous  and  an- 
thracite coal.  In  stocking  bituminous  coal,  the  auto- 
matic cars  ran  along  tracks  carried  on  transverse 
stationary  elevated  runways,  leading  to  the  longitu- 
dinal tracks  on  the  bridges,  giving  flexibility  in  stock- 
ing operations.  In  stocking  anthracite,  the  course  of 
the  car  is  confined  to  the  elevated  stationary  ninways 

A  similar  installation  was  made  by  the  Mead  Com- 
pany about  the  same  time  on  the  Northern  Coal  & 
Dock  Company's  dock,  Superior. 

The  Zenith  Furnace  Company's  dock,  Duluth,  is 
equipped  with  four  Mead  unloading  towers  handling 
2-ton  clams,  one  Mead  bridge  and  Mead  automatic  car 
and  cable  railway  system. 

In  1906  and  1907  the  Dulutli  and  Iron  Range  Rail- 
road Company's  coal  dock  at  Two  Harbors  was 
equipped  with  a  Mead  plant  comprising  three  steam 
hoisting  towers  handling  two-ton  clams,  and  mounted 
for  traveling  on  a  40- ft.  high  steel  trestle;  an  electric 
four-ton  automatic  car  and  cable  railway  system;  and 
an  electrically  operated  stocking  and  reclaiming  bridge 
handling  a  two-ton  shovel  bucket. 

This  dock  has  a  storage  area  about  275  ft.  wide  by 
900  ft.  long,  and  a  nominal  storage  capacity  of  about 
150,000  tons.  Owing  to  local  conditions  the  dock  does 
not  directly  face  the  slip,  which  requires  the  hoisting 
towers  to  operate  at  some  distance  from  the  storage 
area,  giving  conditions  to  which  the  portable  hoist 
and  cable  railway  system  is  peculiarly  adapted. 

A  recent  Mead  installation  of  same  general  type 
but  different  in  detail,  made  on  the  "Washington  Street 
dock  of  the  Milwaukee  Western  Fuel  Company  at 
Milwaukee,  and  equipped  with  screening  plant  in 
bridge  in  place  of  the  fixed  loading  bins,  is  sho^vn  in 
Fig.  16. 

The  stocking  of  coal  by  means  of  a  belt  conveyor  on 
a  bridge  is  a  method  used  by  the  Robins  Conveying 
Belt  Company.  In  one  plant  of  this  tj'pe  coal  is 
stocked  on  the  dock  at  the  rate  of  600  tons  per  hour, 
the  conveyor  having  a  traveling  tripper  for  distribut- 
ing the  coal,  which  it  receives  from  a  second  belt  con- 
veyor, which  in  turn  receives  the  coal  from  a  s.ystem 
of  conveyors  at  the  unloading  towers.  Reclaiming  is 
done  by  a  clamshell  bucket  at  the  rate  of  300  tons  per 
hour. 

In  1906,  a  200,000-ton  covered  anthracite  storage 
plant  for  stocking  coal  60  ft.  high  was  installed  on  sec- 
tion 2  of  the  North  Western  Fuel  Company's  Superior 
Dock  No.  1.    Coal  is  unloaded  bv  two  Heyl  &  Patter- 
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Fig.  16    Mead  Hoist  Towers,  Automatic  Cars,  Cable  Railway  and  Bridges,  Milwaukee  Western  Fuel  Compan^''s  Wash- 
ington Street  Dock,  Milwaukee 
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Fig.  17    Humphrey  Shelf  Lowering  Chute 


4     jji? 


Fig.  18  Heyl  and  Patterson  Anthracite  Hoists  and  Dodge 
Stocking  Conveyor,  installed  on  North  Western  Fuel 
Compant's  Superior  Dock  No.  1,  1906 


Fig.  19    Dodge  Coal  Handling  Bridges  and  Auxiliary  Equipment,  Berwind  Fuel  Co.,  Superior 
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Fig.  21     Three  Heyl  and  Patterson  Bridges  on  North  Western  Fuel  Company's  Dock  No.  2,  Superiok 


son  electric  hoists,  equipped  with  3-ton  clamshells,  and 
stocked  and  reclaimed  by  means  of  Dodge  reversing. 
electric-driven,  ribbon  bottom,  flight  conveyors  of  250 
and  300  tons  hourly  capacity.  In  stocking,  coal  is 
discharged  from  the  top  rim  of  conveyors  into  storage 
building  or  3000  ton  shipping  pocket,  and  reclaimed 
by  the  bottom  run  of  these  conveyors,  working  in 
tunnels  beneath  the  coal  pile.  Breakage  of  coal  is 
avoided,  when  starting  the  pile  in  stocking,  by  lower- 
ing the  coal  through  Humphrey  shelf  lowering  chutes. 
Fig.  17.  After  building  the  pile  to  full  height  at  a 
single  point,  the  ribbon  bottom  of  the  conveyor  is 
drawn  in,  or  extended,  as  the  crest  of  the  pile  ad- 
vances. The  coal  is  loaded  for  reshipment  at  the  sin- 
gle 3000-ton  shipping  pocket.  This  plant  is  shown  on 
Fig.  18. 

In  1907  or  1908,  the  Wellman-Seaver-Morgan  Com- 
pany installed  two  Hulett  bridges  of  176-ft.  span  with 
130-ft.  cantilever,  and  equipped  with  2-ton  grab  buck- 
ets, on  the  Boston  dock  of  the  St.  Paul  &  Western  Coal 
Company.  These  bridges  are  steam  operated  and  ar(> 
provided  with  separate  hoists  and  trolley  engines,  and 
controlled  by  two  operators. 


One  of  the  larger  electric  bituminous  coal  handling 
bridge  installations,  on  which  the  rope  troUey  is  used, 
was  made  on  the  Berwind  Fuel  Company's  Dock  in 
Superior  in  1907.  Fig.  19.  This  is  one  of  the  later 
trolley  installations  prior  to  the  general  introduction  of 
the  large  man  trolley  bridge.  These  bridges  are  506 
ft.  long  with  295  ft.  span,  equipped  with  3-ton  clam- 
shells, and  are  supplemented  by  revolving  locomotive 
cranes  and  movable  screenings  tower.  All  motions  of 
bridge  and  bucket  are  controlled  by  one  operator  from 
either  of  two  fixed  control  stations.  All  equipment 
on  this  dock  is  electrically  operated  by  means  of  400- 
volt,  three-phase,  alternating  current. 

Fig.  20  shows  the  Duluth,  Missabe  &  Northern  coal 
dock  at  Duluth,  which  is  604  ft.  wide  by  2000  ft.  long 
On  one  half  of  this  dock  was  installed  in  1907  a  Mead 
plant,  comprising  three  portable  hoists  equipped  with 
2-ton  clams,  4-ton  automatic  car  and  cable  railway 
system,  and  a  stocking  and  reclaiming  bridge  with  2- 
ton  shovel  bucket.  Provision  has  now  been  made  for 
similarly  equipping  the  other  half  of  the  dock,  using 
4-ton  clams,  in  place  of  the  2-ton  clams,  on  two  addi- 
tional hoists. 


Fig.  22    Heyl  and  Patterson  Bituminous  and  Anthracite  Plant,  Philadelphia  and  Reading  Coal  and  Iron  Ccimp.any's  Dock, 

Superior 
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ELECTRICiVLLY-OPERATED 
MAN-TROLLEY  COAL  BRIDGE 

The  first  electrically  op- 
erated man  trolley  coal 
bridge,  in  which  the  un- 
loading, stocking,  reprepar- 
ing,  reclaiming  and  loading 
out  were  accomplished  by  a 
single  unit,  was  installed  by 
Heyl  &  Pattei-son  on  the 
North  Western  Fuel  Com- 
pany's Superior  Dock  No. 
2  in  1909.  This  bridge  has 
a  span  of  363  ft.  4  in.  and  is 
455  ft.  6  in.  long  overall, 
with  screening  and  loading 
out  plant  mounted  on  the 
shear,  and  run  of  pile  loading  plant  on  the  pier. 
The  man  trolley  was  equipped  with  5-ton  Heyl  and 
Patterson  clam  for  unloading  and  reclaiming  bitu- 
minous coal,  this  being  the  largest  clam  thus  far 
installed  at  the  head  of  the  lakes.  One  man  con- 
trols the  operation  of  -the  trolley  in  unloading, 
stocking  and  reclaiming  and  bridge  traversing.  This 
bridge  is  operated  by  three-phase,  25-cycle,  440-volt,  al- 
ternating current,  stepped  dowTa  from  13,200  volts  by 
main  transfoi-mer  located  on  the  bridge.  This  is  the 
first  traveling  bridge  to  take  current  from  high-tension 
trolley  feeder  line  along  the  dock  by  means  of  collector 
shoes.  The  man  trolley  is  equipped  with  two  hoist  mo- 
tors and  two  rack  motors,  operated  by  master  control- 
lers and  magnetic  switches.  The  friction  clutches  and 
lirakcs  are  operated  by  compressed  air.    Dynamic  brak- 


FiG.  23    Brown  Hoist  Bridges  on  Pittsbttrgh 

ing  is  provided  for  racking  and  lowering,  for  whieli 
direct  current  is  supplied  by  a  small  motor  generator 
set  delivering  direct  current  at  40  volts. 

Beginning  with  1909,  there  was  an  unusual  develop- 
ment of  docks  and  equipment,  and  within  the  next  few 
years,  ten  bridges,  similar  to  the  ones  just  described, 
were  installed  in  Superior  and  Duluth,  as  follows :  two 
on  the  Carnegie  Fuel  Company's  Dock  No.  1,  Super- 
ior; two  on  the  Philadelphia  &  Reading  Coal  &  Iron 
('ompany's  Dock  No.  2  in  Superior;  two  on  the  Island 
Creek  Coal  &  Sales  Company's  dock  in  West  Diduth; 
two  on  the  North  Western  Fuel  Company's  Dock  No. 
2,  Superior;  one  on  the  North  Western  Fuel  Com- 
pany's Dock  No.  1,  Superior;  and  one  on  the  Reiss 
Coal  Company's  dock — Pittsburgh  Dock  No.  3 — in 
Superior;    With  the  last  bridge  installed  on  the  North 


Fig.  24    Panoramic  N'iew  of  Mead  Anthracite  and  Bituminous 
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Coal  Company's  Dock  No.  7,  Duluth 

Western  Fuel  Company's  Dock  No.  2  m  1912,  the 
screening  plant,  which  was  somewhat  more  elaborate, 
was  mounted  on  separate  trucks  and  attached  to  the 
bridge  for  traveling.  Fig.  21.  A  6-ton  clamshell  was 
provided  for  this  bridge,  and  the  5-ton  clams  on  the 
other  two  bridges  on  this  dock  were  also  replaced  by 
the  6-ton  clams.  In  order  largely  to  eliminate  hand 
shoveling  in  cleaning  up  boats,  after  the  unloading 
clam  had  picked  up  the  coal  within  reach,  a  specially 
designed,  4-ton  clean-up  clam  was  developed.  This 
clean-up  clam  is  described  in  more  detail  in  a  later 
paragraph. 

In  1910,  in  conjunction  with  two  of  the  bituminous 
bridges  above  mentioned,  there  was  installed  on  the 
Philadelphia  &  Reading  Dock  at  Superior,  an  electric, 
covered  anthracite  plant,  comprising  two  stationary 


unloading  hoists  equipped 
with  rope  trolleys  carrying 
5-ton  clamshells,  a  double 
storage  building  of  steel 
construction  350  ft.  by  500 
ft.,  a  mechanical  screening 
plant  for  repreparation  of 
the  coal,  and  a  shipping 
pocket  for  reloading  at  a 
single  point  (See  Fig.  22). 
In  1910,  an  extension  144 
ft.  by  480  ft.  was  made  to 
the  North  Western  Fuel 
Company's  Superior  Dock 
No.  1  anthracite  storage 
plant,  in  the  fonn  of  a  steel 
storage  building  equipped 
with  a  3-ton  man  trolley, 
which  carries  a  5_^-ton  skip  for  stocking  and  a  3-ton 
clamshell  for  reclaiming,  with  necessary  additional 
elevators  and  conveyors,  to  supplement  the  original 
conveyor  system,  for  transferring  coal  to  and  from  the 
building.  This  gives  a  total  anthracite  storage  capacity 
of  about  265,000  tons  on  this  dock. 

Fig.  24  shows  an  electrical  installation  on  the  Car- 
negie No.  2  Dock,  Duluth,  comprising  two  Mead  bitu- 
minous bridges  of  382  ft.  span,  and  anthracite  plant 
consisting  of  two  traversing  imloading  hoists  equipped 
with  clams,  and  a  steel  storage  shed  280  ft.  by  404  ft. 
equipped  with  rope  trolleys,  operating  on  six  rimways. 
An  unusual  arrangement  of  bridges  was  installed  in 
1911  on  tlie  Pittsburgh  Coal  Company's  Dock  No.  7  by 
the  Brown  Hoisting  Machinery  Company  (Pig.  23). 
This  installation  comprises  three  two-span  bridges  on 


Plants,  installed  on  Carnegie  Dock  No.  2,  Duluth,  in  1912 
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Fig.  2.5     Bkow.x  Screening  Plant  on  Pittsburgh  Coal  Com- 
pany's Dock  No.  7,  Ddluth 

the  trout  of  the  dock  and  two  single-spau  bridges  at 
the  rear,  the  spans  having  a  uniform  length  of  242  ft 
Bach  of  the  two-span  bridges  aud  one  of  the  single- 
span  bridges  is  equipped  witli  a  man  trolley  carrying 
a  ajX-ton  grab  bucket.  The  single-span  bridges  may 
be  operated  separately,  or  may  be  registered  with  an\' 
of  the  two-span  bridges,  thus  forming  continuous  run- 
ways 726  ft.  long  across  the  dock ;  or  including  canti- 
levers and  apron  the  overall  length  is  839  ft.  Other 
interesting  features  of  this  installation  are  the  swivel- 
ing  trolley  and  the  screening  plant.  The  swiveling 
man  trolley,  provided  with  turntable  to  facilitate  clean- 
ing up  the  hold  of  boats,  is  further  described  in  a 
later  paragraph.  A  very  complete  screening  plant, 
of  new  design  and  large  capacity,  is  located  in  the 
rear  pier  of  one  of  the  single-spau  bridges.  Fig.  25. 
This  is  furnished  with  bins,  shaking  and  revolving 
screens,  and  the  necessary  elevators  and  conveyors 
for  the  preparation  of  lump  coal  and  the  separation 
of  the  degradation  into  nut,  stove  and  screenings,  with 
provision  for  loading  box  and  gondola  cars  or  return- 
ing to  stock  pile  on  the  dock,  as  desired.  Last  year, 
fi  similar  installation  with  longer  span  bridges  was 
made  on  the  Pittsburgji  Coal  Company's  Dock  No.  5 
in  Superior. 

The  coal  liandliiig  plant  installed  last  year  on  the 
Canadian  Pacific  Railway  Company's  Port  William 
Dock  by  the  Wellman-Seaver-Morgan  Company,  con- 
sists of  two  automatic  unloaders  equipped  with  8-ton 
scoops,  a  man  trolley  bridge  carrying  a  9-ton  grab 
bucket,  and  a  f ransfer  car  system  with  trestle  and  bins 
to  give  flexibility  to  the  plant.  Transfer  cars  are  of 
35-ton  capacity,  and  are  equipped  with  recording 
scales  accurately  weighing  all  the  coal  they  handle. 
The  plant  has  a  capacity  for  unloading  a  10,000-ton 


l)oat  in  15  hours.  Thirty  loading  pockets  are  provided 
from  whicli  cars  are  loaded  by  means  of  a  double-ended 
<  hristj'  box-car  loader,  giving  a  very  large  loading 
out  capacity.     Fig.  26  sliows  a  good  general  view  of 

this  plant. 

COMPARISON     OF    ELECTRICALLY     OPERATED    PLANTS: 

1902-1913 

The  tendency  towards  a  few  large  units  in  the  devel- 
opment of  coal  handling  equipment  within  the  past 
few  years  is  shown  in  tlie  comparison  of  the  electric- 
ally operated  plant  installed  on  section  1  of  the  North 
Western  Fuel  Company's  Dock  No.  1  in  1901,  aud  the 
electric  coal  handling  bridge  installed  in  1913  on  sec- 
tion 3  of  the  same  dock,  these  being  the  first  and 
latest  electrically  operated  plants  installed  at  the  Head 
of  the  Lakes.  The  plant  first  mentioned  has,  as  prev- 
iously described,  four  hoisting  towers  and  four  bridges 
wdth  the  necessary  transfer  cars,  having  rated  capacity 
for  unloading  a  5000  ton  boat  in  10  hours,  and  serving 
a  dock  about  560  ft.  by  1100  ft.  on  which  bituminous 
coal  is  stocked  30  ft.  high.  The  second  installation  re- 
ferred to,  on  section  3  of  this  dock,  consists  of  one 
Ileyl  &  Patterson  bridge  having  a  single  span  of  551 
ft.  and  being  7121/4  ft.  long  overall,  on  which  is 
operated  a  man  trolley  equipped  with  a  12-ton  clam- 
shell for  unloading,  stocking  and  reclaiming,  and 
6-ton  clean-up  clam.  This  bridge  serves  a  section  of 
the  dock  about  610  ft.  by  750  ft.  and  stocks  bituminous 
coal  to  a  height  of  50  ft.  Coal  is  reloaded  to  cars  at 
both  ends  of  the  bridge  and  rescreened,  when  desired, 
at  the  pier  end.  Provision  has  also  been  made  in  the 
construction  of  the  bridge  for  the  future  installation 
of  a  more  elaborate  detached  screening  ])lant  for  re- 
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Fig.  27    Loading  Plant  and  Trucks  at  Shear  End  of  North 
Western  Fuel  Company's  Bridge  No.  5,  Dock  No.   1, 

Superior 
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Fig.  26    Hdlett  Automatic  Unloaders,  Thansfeh  Cars,  and  Stocking  and  Reclaiming  Bridge  on  Canadian  Pacific   Dock, 

Fort  William 


preparation  of  coal.  There  is  required  ou  this  bridge 
for  its  operation  one  man  trolley  operator  and  one 
oiler.  This  bridge  has  a  rated  capacity  for  unloading 
and  stocking  coal  on  dock  from  a  10,000-ton  boat  in  20 
hours,  acomplishing  with  a  single  unit  and  with  only 
two  men  ou  the  bridge,  as  much  as  four  unloading 
hoists  with  a  total  of  eleven  units  accomplished  with 
about  ten  or  twelve  men  on  the  equipment  in  the  first 
mentioned  installation  (Figs.  27  and  28). 

An  incidental  advantage  of  bridges  long  enough  to 
span  the  entire  width  of  dock  is  the  elimination  of 
intermediate  runways  or  supports  from  the  stocking 
area,  which  in  the  short  span  bridges,  reduce  the 
storage  space  and  obstii^ct  the  operations  of  stocking 
and  reclaiming. 

At  the  present  time  two  installations  are  being 
made,  one  on  the  Reiss  No.  3  Dock  at  Superior,  which 
is  being  equipped  with  a  Heyl  &  Patterson  bridge ;  and 
another  on  the  Missabe  and  Northern  Dock  at  Duluth, 
comprising  Mead  hoists  and  cable  railway  system  witli 
bridge,  as  previously  mentioned. 

METHODS   OP   HANDLING   AT   RECEIVING   DOCKS 

Wliile   it   is   evident,    from   a   consideration   of   the 


several  tj'pes  of  plants  briefly  described  above,  that 
there  are  several  methods  of  handling  the  coal  at  the 
receiving  docks,  it  is  true  that  these  methods  group 
themselves  under  two  general  heads,  as  follows: 

a  That  in  which  the  bulk  of  coal  is  broken  at  the 
dock  front  by  temporarily  storing  the  coal  in 
a  receiving  hopper,  located,  in  the  hoists,  for 
later  discharging  to  independent  units  for  trans- 
ferring to  stock  pile ; 
i  That  in  which  coal  is  delivered  direct  to  stock 
pile  in  a  single  operation  without  breaking  bulk. 

Under  case  (a) ,  where  bulk  is  broken  at  the  dock  front, 
the  unloading  is  done  by  fixed  or  traversing  hoists  or 
unloaders  used  only  for  this  operation,  while  the  stock- 
ing is  done  by  equipment  ordinarily  acting  indepen- 
dently of  the  hoists.  This  stocking  equipment  is  of 
various  types,  and  the  method  employed  for  stocking 
is  again  divided  into  two  general  classes : 

(1)  That  in  which  no  provision  is  made  for  longi- 
tudinal transfer  of  the  coal,  necessitating  its 
being  stocked  directly  back  of  the  unloading 
tower,  so  that  boat  must  be  placed  opposite  the 
area  on  which  coal  is  to  be  stocked. 


Fig.  28    North  Western  Fuel  Company's  Dock  No.  1,  Superior,  showing  Anthracite  Section  and  Largest  Coal  Handling 

Bridge  in.stalled  to  Date 
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Fig.  29  Brown  7-Ton  Stocking  Titb  on 
North  Western  Fttel  Company's  Su- 
perior Dock  No.  1 

(2)  That  by  which  provision 
is  made  for  longitudiual  as 
well  as  transverse  move- 
ment of  the  coal  in  trans- 
ferring to  stock  pile,  giving 
perfect  flexibility  in  stock- 
ing and  enabling  the  coal  to 
be  stocked  on  any  part  of 
the  dock  desired,  regardless  of  the  position  of 
the  boats  and  hoists. 

Method  (a-1)  obtained  in  a  few  of  the  earlier  plants 
but  has  now  been  largely,  if  not  entirely,  displaced  by 
the  method  designated  as  a-2. 
Method  (a-2)  is  used  in 

Plants  equipped  with  transfer  cars  and  stocking 
bridges 

Installations  of  dump  ear  systems  operated  either  by 
hand  or  by  cable  on  bridges  or  stationary  run- 
ways 

Systems  of  longitudinal  and  transverse  conveyors 


Fig.  30  Brown  -I-Ton  Shovel  Bucket  on 
North  Western  Fuel  Company's  Su- 
perior Dock  No.  1 


P'iG.  31  First  Heclaiming  Clam  at 
the  Head  of  the  Lakes,  designed 
BY  Fred  Barrows.  First  used  at 
THE  Ohio  Coal  Company's  Dock 
IN  1888  or  1S89 


Longitudinal  conveyors  in  con- 
junction with  trolleys,  or 
conveyors  operating  on 
transverse  runways,  o  r 
bridges 
Method    ( b )    comprises 

One  or  more  units  designated  as 
coal    handling    bridges    on 
eacli  of  whicli  a  single  trolley  is  used  for  the 
various  operations  of  unloading,  stocking,  re- 
claiming and  delivering  to  bins  for  reshipment 
by  rail 
Traversing  hoists  registering  witli   stationary  run- 
ways, or  combined  units  made  up  of  fixed  hoists 
in  line  with  stationary  transverse  runways 
Trolleys     employed     in     stocking     are     ordinarily 
equipped  either  with  automatic  dumping  tubs, 
which   ai'e   self-righting,   or   with   drop   bottom 
skips. 
The  reclaiming  of  coal  for  reshipment  by  rail  is  done 
b.y  various  methods  dependent  in  part  upon  the  method 


Fig.  32    Hulett  7^-Ton  Clamshell  Grab  Bucket 


Fig.  33  Heyl  and  Patterson  Man  Trolley  and  12-Ton  Un- 
loading Clamshell  on  North  Western  Fuel  Company's 
No.  5  Bridge 
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employed  in  stocking.  Where  tlie  stocking  is  done  by 
means  of  trolleys,  automatic  cars  or  belt  conveyors, 
operating  on  bridges  or  runways,  the  reclaiming  is 
largely  done  by  trolleys  equipped  either  with  shovel 
buckets  or  clam-shelled  grab  buckets,  which  have  prac- 
tically superseded  shoveling  to  tubs.  Where  coal  is 
stocked  by  flight  conveyors,  the  over  and  under  type  is 
used,  the  reclaiming  being  done  on  the  lower  run  of 
conveyors,  which  are  enclosed  in  concrete  or  timber 
tunnels,  running  underneath  the  coal  piles. 

CLAMSHELL   GRAB   BUCKETS 

On  practically  all  unloading  equipment  in  which 
the  stnictural  and  mechanical  parts  are  of  sufficient 
strength  to  permit,  clamshell  grab  buckets  have  super- 
seded the  tubs  formerly  in  common  use.     The  clam- 


Clamshell  grab  buckets  of  several  types  and  makes 
now  in  use,  are  shown  on  Figs.  32  and  33. 

The  process  of  breaking  do^vn  or  the  removal  of  the 
free  coal  from  the  hatches  of  the  vessels  at  the  present 
time,  is  done  by  means  of  clamshell  grab  buckets,  which 
cpen  crosswise  of  the  boat,  and  are  of  such  width  as  to 
have  sufficient  clearance  in  entering  the  hatch.  For- 
merly, the  coal  out  of  ready  reach  of  the  unloading 
clams  was  either  trimmed  to  the  hatch  by  hand  shovel- 
ing for  picking  up  by  the  clams,  or  hand  shoveled 
to  tubs,  and,  in  some  instances,  to  the  clam  itself  in 
cleaning  up  the  boat.  As  this  process,  however,  neces- 
sitated considerable  intermittent  high  priced  labor, 
various  methods  have  been  devised  for  cleaning  up  the 
boat  by  mechanical  means. 

The  first  equipment,  of  wliich  the  writer  has  knowl- 


FiG.  34   Hetl  and  Patterson  -I-Ton  Clean-Up  Clam,  installed 
ON  North  Western  Fuel  Company's  Dock  No.  2,  in  1912 


shell,  designated  as  the  two-rope  type,  is  ordinarily 
used  on  larger  installations,  while  the  single  rope  type 
is  sometimes  used  in  replacing  tubs  on  old  hoists,  and 
on  some  new  installations  where  simplicity  of  the 
hoisting  mechanism  or  light  weight  on  the  trolley  is 
desired. 

The  first  clamshell  used  at  the  Head  of  the  Lakes  was 
invented  by  Fred  Barrows,  in  about  1888  or  1889,  and 
manufactured  under  patents  of  Mr.  Barrows  and  D.  B. 
Smith,  both  of  the  Ohio  Coal  Company,  which  patents 
were  later  purchased  by  the  North  Western  Fuel  Com- 
pany. This  clam  was  used  for  reclaiming  only.  A 
clam  of  this  type,  still  in  sei*vice  on  the  North  Western 
Fuel  Company's  Dulutli  dock,  is  shown  on  Fig.  31. 

The  first  unloading  grab  bucket  put  into  service  at 
the  Head  of  the  Lakes,  was  the  Newell  &  Ladd  clam- 
shell bucket  and  was  installed  on  the  Duluth  dock  of 
the  Ohio  Coal  Company  in  1895.  The  first  clam  of 
this  type  was  made  by  the  John  A.  Mead  Manufactur- 
ing Company  in  1883,  and  the  clams  were  used  to  a 
limited  extent  in  the  East.  This  was  one  of  the  first, 
if  not  the  first,  clam  to  come  into  general  use. 


Fig.  35  Heyl  and  Patterson  6-Ton  Clean-Up  Clam,  13  Ft. 
6  In.  Wide,  with  24  Ft.  Reach,  installed  on  North 
Western  Fuel  Company's  No.  5  Bridge,  Dock  No.  1, 
Superior 

edge,  in  which  the  cleaning  up  of  the  vessels  by 
mechanical  means  was  provided  for,  was  the  Hulett 
automatic  unloader  designed  by  ]\Ir.  G.  H.  Hulett,  the 
first  installation  of  which  was  made  at  the  iron  ore 
docks  of  the  Pittsburgh  &  Conneaut  Dock  Company 
of  Conneaut,  Ohio,  in  1898.  In  these  unloaders,  the 
clamshell,  which  is  of  large  capacity,  was  rotated  after 
entering  the  hatch  so  as  to  extend  lengthwise  of  the 
boat,  enabling  it  to  reach  the  ore  tributary  to  each 
hatch.  These  machines  had  an  unloading  capacity  far 
in  excess  of  any  equipment  previously  installed,  and 
have  been  extensively  used  in  the  unloading  of  iron 
ore  at  the  lower  lake  ports. 

Following  the  development  of  the  unloader  above 
mentioned,  clamshells  came  into  general  use  in  the 
unloading  of  both  ore  and  coal,  and  several  devices 
were  tried  out  with  varying  degrees  of  success  for 
scraping  or  trimming  the  ore  and  coal  from  the  wings 
to  within  reach  of  the  clamshell,  with  view  to  avoiding 
hand  trimming  and  hand  shoveling  to  tubs  in  cleaning 
up  the  vessels. 
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In  the  Brown  swiveling  trolley  developed  for  this 
purpose  a  turntable  is  provided,  which  rotates  the  clam 
in  the  hold  of  the  boat,  and  is  used  on  the  recent  in- 
stallations of  the  Brown  equipment  on  the  Nos.  5  and 
7  docks  of  the  Tittsburgli  Coal  Company  at  Superior 
and  Duluth,  to  which  reference  has  previously  been 
made. 

The  lieyl  &  Patterson  clean-up  clam  is  built  of 
dimensions  to  permit  its  entering  the  hatch  closed  and 
to  open  below  deck  hmgthwise  of  the  boat,  with  a 
reach  of  twenty-four  feet,  covering  the  entire  space 
center  to  center  of  the  hatches  on  each  side  of  the 
iiatch  being  worked,  thus  requiring  the  clean-up  clam 
to  be  worked  only  in  alternate  hatches  for  boats  having 
hatches  spaced  twelve  foot  centers.  This  clean-up 
clam,  first  installed  on  the  North  Western  Fuel  Com- 
pany's Superior  Dock  No.  2,  has  been  applied  in  a 
considerable  number  of  later  installations  of  both 
hirger  and  smaller  capacity,  and  in  each  case  is  so 
proportioned  as  to  give  the  same  total  lifted  load  on 
the  trolley  as  for  the  unloading  bucket  (Figs.  34  and 
35). 

The  Mead  Company  has  since  produced  a  cleau-iip 
clam  of  less  reach  and  dead  weight,  with  eapaeit3' 
for  proportionately  greater  coal  load. 

For  the  trimmings  of  anthracite  coal  within  storage 
buildings  in  stocking  and  reclaiming,  and  for  the 
transferring  of  bituminous  .screenings  to  and  from 
stock  piles,  steel  scrapers,  sometimes  designated  as  fly- 
ing scrapers,  were  introduced  in  about  1890.  These 
scrapers  are  ordinarily  worked  by  means  of  ropes,  for 
pulling  them  in  opposite  directions. 

SCREENING 

Coal  is  screened  before  shipment  from  the  mine  and 
all  anthracite  and  all  bituminous  coal,  with  the  excep 
tion  of  railroad  coal,  which  is  used  largely  for  loco- 
motive firing,  is  reprepared  before  reshipment  from 
the  dock,  care  being  taken  to  make  tlie  coal  of  each 
grade  uuifoim.  It  is  also  carefully  inspected  upon 
its  arrival  by  vessel ;  while  being  unloaded ;  and  dur- 
ing the  process  of  repreparation ;  eaeli  eai-  load  is  also 
inspected  while  being  loaded  for  rail  shipment. 

Various  types  of  screens  are  used,  choice  of  type 
■being  made  to  suit  kind  of  coal,  the  tonnage  handled 
at  a  single  point,  and  the  particular  part  of  the  pro- 
cess for  which  the  screen  is  to  be  used.  Wlien  coal 
is  to  be  loaded  out  through  various  openings  in  long 
continuous  lines  of  bins,  where  the  tonnage  loaded  out 
over  each  screen  is  comparatively  small,  single  station- 
ary lip  screens  are  used  with  good  results.  This  type 
of  screen  is  also  considerably  used  in  the  rescreen- 
ing  of  the  degradation  made  in  the  first  screening 
process.  For  anthracite  coal,  the  screens  used  are 
either  wire  mesh  or  perforated  plate ;  and  for  bitu- 
minous coal,  they  are  of  the  bar  type.  Automatic 
baffles  or  retarders  are  occasionally  used  for  controlling 
the   flow   over  lip   screens,   but  possibly   one   of   the 


most  effective  devices  is  a  flight  convej-or  of  light  open 
construction  running  over  the  screen  surface  at  a  pre- 
determined speed.  This  controls  the  velocity  over  the 
screen  and  insures  uniform  discharge  to  the  car. 

Wliere,  however,  large  tonnage  is  to  be  loaded  at 
centi'al  shipping  pockets,  either  mechanical  screens  or 
a  large  bank  of  lip  screens  are  used.  Mechanical 
screens  are  of  two  general  types,  revolving  screens  and 
shaking  screens.  Revolving  screens  are  provided  with 
one  full  length  inner  jacket  and  one  or  more  concentric 
shorter  outer  jackets,  and  shaking  screens  are  made 
up  either  with  a  single  bed  or  in  tiers  of  two  or  more 
beds  for  the  proper  separation  and  distribution  of 
the  coal. 

RELO.VDING  FOR  R.\IL  SHIPMENT 

Three  general  methods  are  used  in  reloading  coal 
to  cars  for  rail  shipment: 

a     That  in  which  coal  is  loaded  out  through  a  long 
continuous  line  of  bins,  with  loading  chutes  or 
lip  screens  at  frequent  intervals  permitting  the 
loading  of  several  cars  simultaneously.     Bitu- 
minous coal,  under  this  method  of  loading,  was 
formerly  trimmed  in  the  ears  by  hand,  while  the 
anthracite  was,  and  to  some  extent  still  is,  trim- 
med in  the  ears  by  the  use  of  telescopic  chutes 
attached  to  forked  aprons  at  the  outer  end  of 
the  screens.   Box  car  loadere  are  now  used  for 
both  kinds  of  coal. 
h     That  in   which   the   coal  is  loaded   out  through 
central  shipping  pockets,  which  is  made  possible 
by  tilting  box  car  loaders  having  capacity  of 
from  ten  to  twelve  cars  per  hour  or  from  3000 
to  4000  tons  per  10-hour  day. 
c     That  in  which  the  coal  is  loaded  out  through  bins 
mounted  on  traversing  eoal  handling  bridges  or 
through  detached  movable  screening  plants,  the 
coal  being  trimmed  in  the  car  either  by  portable 
box  car  loaders  traveling  along  the  dock  or  by 
box  car  loaders  mounted  on  the  bridge  or  screen- 
ing plant. 
As  a  great  deal  of  the  coal  is  now  shipped  in  box  cars, 
and  loading  these  cars  by  hand  is  both  slow  and  ex- 
pensive,   a    number    of    mechanical    loaders    have    at 
various  times  been  put  on  the  market.     The  first  box 
car  loader^  of  which  we  have  record  is  that  invented 
by  Richard  Ramsey  of  Illinois  in  1885.  This  was  manu- 
factured by  the  Ottumwa  Box  Car  Loader  Company 
and  the  Litchfield  Foinidry  &  Machine  Company.    Two 
years  later,  in  1887,  William  Ramsey  of  Iowa  invented 
a  loader  which  was  also  manufactured  by  the  Ottumwa 
Company.     In  1894,  F.  W.  Bond  invented  the  third 
loader,  which  was  built  by  the  Litchfield  Foundry  & 
Machine  Company.    The  eoal  was  so  badly  broken  and 
the  cars  so  badly  damaged  by  these  loaders,  that  their 
manufacture  was  soon  discontinued. 

i~Data  relative  to  early  history  of  box  car  loaders  are  taken  from 
q  Daccr  read  by  Wm.  L.  Affelder,  Supt,  Mosgrove  Coal  Co.,  before 
tbe  (Vntrnl  Mining  Institute  of  Western  Pennsylvania^  December 
1904. 
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Fig.  36  Ottumwa  Steam  Box  Car  Loader,  installed  on 
North  Western  Fuel  Company's  Dock  No.  1  in  1902. 
First  Portable  Loader  ever  bitilt 


loader,  equipped  with  engine  and  boiler.  The  follow- 
ing year,  the  same  company,  also  at  the  request  of  the 
North  Western  Fuel  Company,  developed  the  first  elec- 
tric loader,  which  was  installed  on  the  same  dock. 
Since  that  time,  a  large  number  of  electric  portable 
loaders  of  this  make  have  been  installed  at  the  head 
of  the  lakes.  In  the  Ottumwa  loader,  the  coal  is 
trimmed  in  the  ears  by  means  of  a  reciprocating  cradle 
and  pusher  traveling  therein  the  full  length  of  the 
cradle,  Fig.  36. 

During  the  same  period,  a  large  number  of  Christy 
portable  electric  loaders  have  also  been  installed  on 
the  docks  in  Duluth  and  Superior.  The  distinctive 
feature  in  this  loader  is  the  iise  of  a  steel  lagged  con- 
^■eyor  for  trimming  coal  in  the  car,  the  speed  of  the 
conveyor  being  under  control  to  suit  conditions  of 
loading,  Fig.  37. 

In  1906,  a  Smith  tilting  bo.K  ear  loader  was  installed 
on  the  North  Western  Fuel  Comj^any's  Dock  No.  1  by 
the  Dodge  Coal  Storage  Company,  with  rated  capacity 


Fic.  37  Christy  Box  Cab  Loader  Company's  Electric  Swiv- 
EMNG  Conveyor  Loader,  installed  on  North  Western 
Fuel  Company's  Dock  No.  1,  Superior,  1913 


Fig.  39     Manierre  Conveyor  Loader,  mounted  on  Bridge 
Pier,  Carnegie  Co.\l  Company's  Dock  No.  2,  Duluth 


In  1897,  the  first  reallj*  successful  loader  was  manu- 
factured by  the  Ottumwa  Box  Car  Loader  Company, 
although  their  first  loader  built  two  years  previously 
was  a  failure.  In  1898,  the  first  Christy  loader,  in- 
vented by  J.  M.  Christy,  was  installed  in  Des  Moines. 

The  following  year,  the  first  Victor  loader,  invented 
by  D.  A.  Chappell,  President  of  the  Victor  Fuel  Com- 
pany, Denver,  was  installed. 

In  1900,  the  Smith  gravity  loader,  invented  by  S. 
Kedzie  Smith,  Civil  Engineer  in  Billings,  Mont.,  was 
installed  for  the  Northwestern  Improvement  Company, 
Roslyn,  Wash.  This  is  manufactured  by  the  Dodge 
Coal  Storage  Company  and  the  Ottumwa  Box  Car 
Iioader  Company. 

In  1902,  the  Ottumwa  Box  Car  Loader  Company' 
developed,  at  the  request  of  the  North  Western  Fuel 
Company,  and  installed  on  their  Superior  Dock  No.  1, 
the  first  portable  box  car  loader.     This  was  a  steam 


Fig.  38    Smith  Tilting  Box  Car  Loader,  built  by  the  DodgE 
Coal  Storage  Company 
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for  handling  100  cars  or  3000  tons  of  anthracite  coal 
in  ten  houi's.  Tliis  loader  tilts  the  car  endwise  on  the 
cradle,  which  permits  the  flow  of  coal  alternately  to 
each  end  of  the  car  by  gravity.  After  the  two  ends 
are  loaded  the  car  is  brought  to  level  position  and  the 
middle  of  the  car  filled  without  hand  trimming.  This 
type  of  loader  permits  the  loading  of  a  large  tonnage 
at  a  single  central  point,  and  is  used  for  handling  botli 
anthracite  and  bituminous  coal.  Smith  loaders  liave 
since  been  installed  on  the  Philadelphia  &  Reading 
dock  in  Superior  and  the  Carnegie  No.  2  dock  in  i)u- 
luth,  Fig.  38. 

For  the  puipose  of  handling  bituminous  screenings, 
there  was  installed  on  the  North  Western  Fuel  Com- 
pany's No.  1  dock  in  1909  a  Fairmont  centrifugal 
loader,  manufactured  by  the  Fairmont  Mining  Machin- 
ery Company,  of  Fairmont,  "W.  Va.  In  this  loader  the 
coal  is  received  by  a  cylinder,  from  which  it  is  dis- 
charged by  blades  attached  to  a  rotating  head. 

Two  other  types  of  loaders  liave  recently  been  de- 
^■eloped  in  Milwaukee,  one  of  which,  the  Manierre 
loader,  is  adapted  for  handling  botli  bituminous  and 
anthracite  coal.  The  Hanna  Coal  Company  installed 
two  of  these  loaders  in  1912  for  handling  anthracite. 
Since  then,  three  loaders  of  this  ty|3e  have  been  in- 
stalled on  the  bridge  piers  on  the  Pittsburgh  Nos.  5 
and  7  docks  for  handling  bituminous  coal,  and  a  fourth 
loader  for  anthracite  has  been  installed  on  No.  7  dock. 
This  is  a  stationary  type  of  loader,  located  on  the  same 
side  of  the  car  as  the  loading  bin,  as  shown  by  Fig.  39. 
The  distinctive  feature  of  tliis  loader  is  the  swinging 
supporting  arm,  to  the  outer  end  of  which  the  con- 
veyor is  pivoted.  This  permits  conveyor  being  ex- 
tended alternately  into  the  opposite  ends  of  the  car, 
allowing  low  conveyor  speed  in  unloading. 

In  1911,  the  other  type  of  stationary  anthracite  con 
veyor  loader  was  designed  by  Mr.  John  Ecks,  Chief 
Engineer  of  the  Milwaukee- Western  Fuel  Company, 
and  was  installed  on  one  of  the  docks  of  this  company, 
for  loading  anthracite  coal  to  box  cars  on  two  tracks, 
between  which  it  is  located.  The  distinctive  feature  of 
this  loader  is  the  reciprocating  motion  of  the  belt  con- 
veyor, permitting  it  to  travel  toward  the  end  of  the 
car  for  reducing  throw  of  the  coal  to  the  minimum, 
thus  permitting  low  conveyor  speed. 

Tlie  following  year,  one  of  these  loaders  was  installed 
for  loading  anthracite  coal  at  the  North  Western  Fuel 
Company's  Superior  Dock  No.  1. 

With  the  exception  of  a  few  of  the  earlier  steam 
loaders,  the  portable  loaders  thus  far  installed  have 
been  electrically  operated.  At  the  present  time,  how- 
ever, a  Christy  ' '  Superior  ' '  type  loader  is  under  eon 
struction  for  the  North  Western  Fuel  Company's  Su- 
perior Dock  No.  2,  in  which  a  gasoline  engine  will  fur- 
nish power  for  the  travel  of  the  loader  along  the  dock. 
Portable  loaders  sei-ve  not  only  for  loading  coal,  but 
also  for  the  switching  and  spotting  of  loaded  and 
empty  cars. 


To  expedite  loading  operations,  the  spotting  and 
local  switching  of  ears,  when  not  done  by  the  portable 
loaders,  is  usually  done  at  the  receiving  docks  by  one 
of  the  several  types  of  rope  haulage  or  carpuUer  sys- 
tems. Gravity  tracks  are  also  frequently  used  where 
conditions  make  it  desirable.  At  the  car  dumpers  at 
the  lower  lake  ports  it  is  customary  to  run  the  cars 
down  grade  from  the  storage  tracks  onto  a  kick-back 
track,  after  which  they  are  run  onto  the  cradle  of  the 
car  dumper  by  means  of  a  small  ear  attached  to  a  liaul- 
age  rope,  variously  designated  as  a  ground  hog,  mule 
or  pig. 

Cars  are  weighed  before  and  after  loading  on  rail- 
road scales  of  from  100  to  150  tons  capacity.    Both  the 
overhead  and  pit  types  of  scales  are  used  and  are  ordi- 
narily provided  with  dead  rail.     Automatic  scales  are 
used  to  a  limited  extent,  and  where  this  type  of  scale 
is  not  in  use,  the  scales  are  of  recording  or  registering 
beam  type,  which  enables  the  weighmaster  to  retain  a 
ticket  for  each  car,  with  the  net  and  gross  weights 
stamped  thereon,  corresponding  to  the  position  of  the 
poise,  thus  avoiding  the  possibility  of  error  in  writing 
the  weights.    The  weighing  in  Minnesota  and  Wiscon- 
sin is  done  by  the  Western  Railway  Weighing  Associa- 
tion.    Every  precaution  is  taken  to  insure  accuracy 
in  weighing,  and  the  scales  are  given  frequent  atten- 
tion  and   are   regularly  inspected   by   the   dock   com- 
panies.   Periodically,  inspection  and  tests  are  made  by 
the  state  scale  inspectors,  for  which  purpose  a  special 
test  car  is  used.     The  scales  at  the  retail  yards  for 
weighing  coal  delivered  by  auto  trucks  and  wagons 
are  given  the  same  attention.      Both  the  track  and 
wagon  scales  are  balanced  frequently  during  the  day, 
while  in  service.     Smithing  coal,  which  is  sacked  for 
shipment  in  comparatively  small  quantities,  is  weighed 
on  w-heelbarrow  scales  during  the  process  of  sacking, 
prior  to  taking  total  weight  on  wagon  or  track  scales. 
Conveyor  weighers,  by  which  the  weight  of  the  coal 
being  handled  by  belt  conveyor  is  obtained  automat- 
ically by  electrical  device,  have  been  in  use  for  several 
years  to  a  limited  extent  by  purchasers  of  coal  and 
other  bulk  material,  and  also  for  cheek  weighing,  but 
have  not  thus  far  been  used  on  the  coal  docks  at  the 
receiving  ports  for  determining  shipping  weights. 

CONDITIONS  RELATING   TO  THE  HANDLING  OP   COAL 

In  the  handling  and  storage  of  coal,  numerous  pre- 
cautions are  necessary  in  order  to  avoid  undue  break- 
age or  degradation.  It  is  necessary  to  break  bulk  as 
few  times  as  possible  in  handling  the  coal  from  the 
time  it  leaves  the  boat  until  it  is  loaded  to  cars  for  re- 
shipment  by  rail.  With  the  same  end  in  view,  it  is 
also  necessary  to  limit  the  free  fall  of  the  coal  and  the 
velocity  of  the  flow  as  much  as  practicable.  In  com- 
pliance with  above  conditions,  coal  handled  by  clams 
or  other  buckets  should  be  lowered  to  pile  or  bin  before 
being  discharged.  An  ideal  device  for  lowering  an- 
thracite and  other  small  sized  coal  vertically,  where 
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the  drop  would  be  large,  is  the  Humphrey  type  of  shelf 
lowering  chute,  which  consists  of  a  vertical  shaft,  in 
which  the  shelves,  placed  alternately  on  opposite  sides, 
are  so  arranged  that  the  coal  flows  over  itself  at  a  uni- 
form moderate  velocity,  regardless  of  the  distance 
through  which  the  coal  is  lowered.  Where  it  is  de- 
sired to  lower  and  also  convey  the  coal  horizontally 
by  gravity,  step  chutes  built  on  similar  principle  are 
employed  to  advantage. 

The  deterioration  of  bituminous  coal  in  storage  is 
slight,  and  recent  experiments  show  it  to  be  less  than 
it  is  commonly  supposed  to  be.  Anthracite  coal  is  not 
subject  to  any  appreciable  deterioration  even  though 
stored  out  of  doors,  but  to  supply  the  demand  for 
bright  coal  it  is  housed  in  buildings  for  protection  from 
the  weather. 

The  liability  of  bituminous  coal,  especially  screen- 
ings and  some  grades  of  run  of  pile,  to  spontaneous 
combustion,  has  made  it  necessai-y  to  limit  the  height 
of  pile  to  suit  the  available  rehaudling  facilities,  as 
the  first  step  in  handling  a  coal  fire  is  to  get  direct 
access  to  the  fire  by  rehandling  the  hundreds,  and  fre- 
quently thousands,  of  tons  of  coal  within  the  inverted 
cone  tributary  to  the  small  area  at  the  bottom  of  the 
pile,  where  the  fire  starts.  It  is  sometimes  also  neces- 
sary to  isolate  the  burning  area  to  prevent  the  fire 
spreading.  After  the  fire  is  uncovered,  it  can  be  ex- 
tinguished by  the  use  of  water  and  the  rehandling  of 
the  smoldering  or  burning  coal.  The  application  of 
water,  however,  to  the  top  of  the  original  coal  pile  is 
ordinarily  useless  and  frequently  increases  the  fire. 
While  the  liability  to  spontaneous  combustion  cannot 
be  entirely  eliminated,  a  clean  dock  surface  and  the 
absence  of  combustible  foreign  matter  within  the  coal 
pile,  and,  after  the  coal  is  in  storage,  careful  wateli- 
ing  and  prompt  rehandling  upon  the  first  indication 
of  heating,  reduce  the  liability  to  a  minimum. 

Another  essential  condition,  which  is  being  com- 
plied with  in  an  increasing  degree,  is  the  safeguarding 
of  employees  by  the  provision  of  sanitary  conditions 
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Fig.  40  Specialtt  Engineering  Compant's  Wagon  Loader, 
North  Western  Fuel  Company's  Yard  No.  1,  St.  Paul, 
1914 


Fig.  41  McMyler  MECHANiciL  Plant  for  Retail  Yard 
Cleveland  and  Pittsburgh  Coal  Company'.^  Retail 
Yard,  Cleveland 

and  the  application  of  safety  appliances  to  the  dock 
equipment.  For  the  removal  of  coal  dust  from  en- 
closures where  it  is  produced  in  unusual  quantities, 
dust  exhaust  fans  are  being  introduced  for  the  benefit 
of  employees  and  to  facilitate  operations. 

The  use  of  electric  power  in  place  of  steam,  which 
was  common  until  twelve  or  thirteen  years  ago,  has 
several  very  marked  advantages.  Electric  power  can 
easily  be  distributed,  with  comparatively  small  loss,  to 
various  remote  centers  on  movable  equipment.  Branch 
lines  can  readily  be  cut  out  when  not  in  service,  and 
tliere  is  slight  loss  from  leakage  in  feeders  whether 
the  motors  are  in  operation  or  idle.  Other  advantages 
are  the  control  of  motors  by  means  of  magnetic 
switches  and  master  controllers,  and  the  ease  with 
which  automatic  safety  devices  can  be  introduced  for 
safeguarding  operations  of  hoisting  and  lowering  of 
bucket,  and  traversing  of  man  trolleys  and  bridges. 
Dynamic  braking  is  also  a  valuable  feature  in  man 
trolley  operation,  where  the  loads  are  heavy  and  high 
speed  is  attained.  Probably  the  greatest  disadvantage 
in  the  use  of  electricity  in  place  of  steam  is  the  absence 
of  steam  for  heating  purposes,  as,  while  the  use  of 
electric  heaters  is  feasible,  the  cost  is  excessive.  In 
hoisting  operations,  current  fluctuations  are  excessive, 
owing  to  peaks  incident  to  accelerating  and  to  inter- 
mittent operation  of  the  individual  units.  When  con- 
ditions warrant,  provision  is  made  for  equalizing  the 
load  on  the  generating  plant  by  the  installation  of 
motor-generator  flywheel  set  or  storage  battery. 

The  handling  of  coal  in  retail  yards  is  another  im- 
portant branch  of  industry.  The  most  of  these  yards 
simply  have  covered  sheds,  into  which  coal  is  unloaded 
from  cars  and  from  which  coal  is  loaded  into  wagons 
and  auto  trucks  by  hand  shoveling.  Where  the 
volume  of  business  warrants,  however,  elevator  and 
conveyor  installations  for  vmloading  and  stocking  coal 
in  sheds  and  bins  are  coming  into  more  general  use, 
and  electric  portable  wagon  loaders,  shown  on  Fig.  40 
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for  taking  coal  from  storage  pile  at  ground  level  and 
loading  to  delivery  tracks  are  being  more  generally 
used.  An  increasing  number  of  plants  are  being  in- 
stalled for  mechanically  performing  all  the  opera- 
tions at  retail  yards  of  large  capacity,  with  three  to 
five  ton  auto  trucks  for  long  hauls,  Fig.  41. 

The  non-occurrence  of  high  grade  coals  in  this  sec- 
tion of  tlie  country,  and  tlie  higli  co.st  of  delivery  by 
rail  incident  to  long  liaul.  make  of  vital  importance 
careful    i-oiisidi'ratioii    of    the    subject    of    clu-ii])    lake 


transportation,  and  the  development  of  mechanical 
equipment  which  will  at  low  cost,  and  with  dispatch, 
load,  laiload,  and  deliver  to  the  consumer  the  large 
and  rapidly  increasing  tonnage  of  coal  required  for 
distribution  throughout  the  northwest. 

The  writer  wishes  to  acknowledge  the  courtesy, 
which  has  been  extended  in  furnishing  information 
for  this  aiticle  by  the  management  of  the  various  coal 
companies  and  by  the  manufacturers  of  the  equipment 
hi'i'ein  described. 
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BY  CHAS.  A.  LANG,  MINNEAPOLIS.  MINN. 


Junior  Member  of  the  Society 


IN  tile  popular  mind,  the  word  flour  is  as  intimately 
associated  with  the  name  Minneapolis  as  steel  is 
with  Pittsburgh.  The  first  manufacturing  enterprise  in 
Minneapolis  was  a  government  grist  mill  built  in  1823 
by  Colonel  Huelling  from  whom  Fort  Snelling  derives 
its  name.  He  sent,  under  Lieutenant  McCabe,  a  de- 
taclmu-nt  of  fifteen  soldiers  to  the  west  bank  of  the 
Falls  of  St.  Anthony  and  on  the  site  of  the  present 
mill  '■  ]J  "  of  the  Northwestern  Consolidated  Milling 
Company,  the  first  mill  was  built.  It  was  a  crude 
aft'air  about  20  ft.  square,  built  of  logs  and  containing 
one  pair  of  mill  stones.  The  power  was  derived  from 
a  log  flume  from  the  crest  of  the  Falls,  discharging 
into  a  flutter  wheel  at  the  mill. 

From  such  a  beginning  has  the  present  milling  in- 
dustry and  its  allied  interests  gro\\Ti.  The  potential 
possibilities  of  the  Northwestern  territories  for  the 
production  of  wheat  was,  at  that  time,  undi'eamed  of. 
The  water  power  was  evident  and  gave  the  first  in- 
centive for  the  building  of  grist  mills  and  lumber  mills 
at  Minneapolis.  The  supply  of  wheat  in  that  time 
was  the  most  serious  handicap.  The  fitness  of  the  soil 
in  the  immediate  vicinity  for  raising  wheat  was  not 
known.  The  soldiers  at  the  time  of  building  the  first 
mill  tried  their  hands  at  raising  wheat  and  as  very 
light  crops  resulted,  they  were  soon  discouraged  and 
gave  it  up.  This  first  mill  ceased  grinding  wheat 
about  four  years  after  being  built. 

This  seemed  to  be  the  end  of  flour  milling,  for  noth- 
ing was  heard  of  the  government  mill  until  about  1849 
when  tlie  town  of  St.  Antliony  was  established  on  the 
east  side  of  the  Falls.  The  first  court  ever  held  in 
Hennepin  County  convened  in  the  old  mill  in  1849. 
The  mill  was  apparently  the  only  place  available  at 
that  time  for  court  sittings.  It  is  a  far  cry  from  a 
grist  mill  to  a  court  of  law,  and  serves  to  show  how 
close  was  the  connection  of  the  flour  mill  with  the 
early  liistory  of  the  settlements  M'liich  were  to  form 
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the  future  city  of  Minneapolis.  The  west  side  of  the 
river  at  the  Falls  \\as  still  a  government  resei'V'ation. 
Upon  this  ground  now  stands  what  is  known  as  the 
milling  disti'ict  and  is  the  center  of  the  flour  manufac- 
turing industry  in  Minneapolis. 

The  history  of  the  various  mills  as  they  were  de- 
veloj^ed  from  the  time  of  the  old  government  mill  is 
too  long  a  story  to  go  into  at  this  time,  covering  as  it 
does,  a  period  of  some  80  years.  This  history  in  itself 
covei's  practically  every  development  and  invention 
that  gave  rise  to  the  present  system  of  American  mill- 
ing. It  is  not  a  record  of  success  in  every  venture, 
for  mills  were  destroyed  by  flood  aud  fire  and  rebuilt 
in  continuously  increasing  size  and  completeness. 
Some  men  made  fortunes  and  others  failed.  With 
them  all  there  was  the  belief  that  Jliimeapolis  would 
be  a  great  milling  center.  Transportation  facilities 
were  crude  and  uncertain;  the  difficulties  of  getting 
tlie  grain  to  their  mills  and  their  product  to  the  mar- 
kets of  the  world  made  many  give  up  the  field.  Mills 
were  dismantled,  built  and  rebuilt  to  take  advantage 
of  some  newly  invented  system  of  milling,  and  money 
was  spent  with  a  lavish  liand  to  improve  the  quality 
of  their  product  over  that  of  their  competitors.  It 
became  a  question  of  the  survival  of  the  fittest.  One 
mill  would  receive  a  shipment  of  machinery  and  try 
to  hide  the  fact  from  the  other  mills.  The  mill  would 
be  closely  guarded  while  this  new  machinery  was  in- 
stalled aud  operated.  It  would  be  but  a  short  time 
before  one  of  the  emploj'ees  would  go  to  some  other 
mill  and  the  secret  become  common  property.  There 
is  no  doubt  but  that  this  keen  rivalry  between  the 
various  mills  in  raising  the  standard  of  the  product 
of  all  the  mills,  gave  Minneapolis  its  standing  to  the 
point  where  Minneapolis  Patent  Flour  is  the  standard 
b.v  which  all  are  nidged. 

The  great  mill  explosion  of  May  2,  1878,  which 
destroyed  the  Washburn  "  A,"  Pettit,  Galaxy,  Hum- 
boldt, Diamond  and  Zenith  Mills,  threatened  to  bring 
Minneapolis  milling  to  a  sudden  end.    Instead  of  that. 
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the  industry  was  many  times  strengthened  by  new  and 
better  mills  erected  on  the  site  of  the  ruins.  In  the 
new  mills,  the  mistakes  of  the  past  were  corrected  and 
the  possibility  of  a  second  dust  explosion  greatly 
lessened  by  the  use  of  air  suction  systems  for  re- 
moving the  dust  as  it  was  created  in  the  machines  and 
befoi'e  it  could  fill  the  air  of  the  mill.  Tliis  great  ex- 
plosion occurred  in  the  Washbiirn  "  A, ' '  and  was  so 
violent  that  it  is  said  that  hardly  one  stone  was  left 
on  top  of  another.  The  walls  of  the  surrounding  mills 
were  wrecked  so  that  the  fire,  which  followed,  quickly 
completed  their  ruin.  A  second  fire  occurred  in  1881, 
which  destroyed  the  Pillsbury  "  B,"  Excelsior,  Em- 
pire and  Minneapolis  Mills,  the  latter  exploding  as  a 
I'esult  of  the  fire.  The  rebuilding  of  these  mills 
marked  the  passing  of  the  old  milling  district. 


teed  efficiency  of  87  per  cent.  All  of  the  larger  mills 
have  their  water  power  supplemented  by  steam  power 
or  electric  motors  driven  from  the  central  steam  sta- 
tions.    Where   formerly   each   mill   had   its   individual 


Fig.    1     Roll    Floor 

From  that  time  up  to  the  present,  the  operations 
have  been  more  in  tlie  increasing  of  capacity  and  the 
improving  of  milling  systems  than  in  the  building  of 
new  plants.  The  larger  companies  have  improved 
their  grain  handling  facilities  by  the  building  of  large 
terminal  elevators  in  eormeetion  with  their  mills.  This 
grain  storage  assures  a  uniform  supply  of  the  various 
grades  of  wheat  and  puts  it  in  the  proper  condition 
for  deliveiy  to  the  mill.  The  building  of  these  eleva- 
tors as  well  as  the  increase  of  capacity  of  the  mills, 
called  for  increased  power.  To  meet  this  condition 
large  central  steam  power  stations  have  been  built 
and  hydi-aulic  turbines  of  increased  power  and  ef- 
ficiency installed,  so  that  in  the  present  milling  district 
is  seen  some  of  the  most  modern  and  up  to  date  power 
apparatus  that  the  market  affords.  As  an  example,  at 
the  present  writing,  there  is  being  installed  by  two  mill- 
ing companies,  two  pairs  of  42-in.  hydraulic  turbines  of 
1800-h.p.  capacity,  to  have  in  their  settings  a  guaran- 


FiG.  2     Purifier  Floor 

steam  plant  for  relay,  most  of  these  have  been  aban- 
doned in  favor  of  the  electric  drive  from  central 
stations.  The  consolidation  of  the  various  mills  into 
the  present  three  large  companies  made  it  possible  for 
each  to  centralize  its  power. 

The   present   capacity   of   the   Minneapolis   mills   is 
84.000  bbl.  of  flour  every  24  hours.    There  are  23  mills, 


Fig.   3     Sifter  Floor 

which  makes  the  average  capacity  3600  bbl.  per  mill. 
The  largest  mill  in  the  world,  the  Pillsbury  "  A,"  has 
a  record  of  having  made  16,125  bbl.  in  one  day,  al- 
though its  capacity  is  rated  at  about  11,000  bbl.     The 
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mills  vary  in  size  from  tliis  to  experiiiicutal  mills  of  a 
few  hundred  barrels  capacity.  Flour  mills  run  24 
hours  a  day,  sometimes  for  many  weeks  without  stop- 
ping. The  usual  ruiming  time  is  from  JMonday  morn- 
ing to  the  following  Sunday  morning. 

THE    MINNE.VPOLIS   WATER    I'UWEH 

The  Falls  of  the  St.  Anthony  have  played  so  promi- 
nent a  part  in  the  development  of  milling  in  Minne- 
apolis, that  they  deserve  special  mention.  The  present 
developed  power  is  approximately  60,000  h.p.  under 
an  average  fall  of  47  ft.  This  power,  with  the  ex- 
ception of  12,000  h.p.  in  the  Hennepin  Island  station 
used  by  the  Street  Railway  Company,  is  practically  all 
taken  by  the  flour  mills.  The  races  from  the  mills  and 
this  island  station  discharge  into  the  pond  of  what  is 
called  the  Lower  Uam.  This  gives  another  fall  of  18 
ft.  and  is  used  entirely  in  a  second  plant  where  10,000 
h.p.  is  generated  for  use  of  the  Street  Railway  Com- 
pany. The  Hennepin  Island  Station  is  an  excess  plant 
and  is  run  only  when  the  demands  of  all  other  users 
of  power  are  satisfied. 

The  unit  of  measurement  is  the  mill  power  defined 
as  30  cu.  ft.  per  second  under  a  fall  of  22  ft.,  or  ap- 
proximately 7."j-h.p.  gross.  The  mill  powers  are  niun- 
bered  from  1  to  48,  there  being  in  many  cases  several 
having  the  same  niunber.  Under  conditions  of  limited 
water  supply  such  as  occur  in  the  winter  months,  the 
mill  powers  are  cut  off  in  the  inverse  order  of  their 
pi-iority  number.  This  is.  Series  No.  48  would  be  taken 
off  first  and  so  on  down  until  a  balance  was  reached 
between  the  available  supply  and  the  amount  used. 
It  is  under  such  conditions  that  the  steam  relays  have 
to  be  used.  Eaiiy  in  the  history  of  the  mills,  these 
mill  powers  were  owned  or  leased  by  the  various  mill 
owners  in  proportion  to  the  power  they  iised,  and  the 
water  power  company  was  something  in  the  nature 
of  a  cooperative  organization.  Tlie  rental  of  the  early 
powers  was  but  nominal,  which  gave  so  little  for  divi- 
dends that  free  powers  were  given  instead.  These 
free  powers  and  also  the  leased  powers  are  perpetual 
and  non-assessable.  As  the  value  of  the  power  began 
to  be  appreciated,  the  rental  increased  when  new  leases 
were  made  to  where  $1000  per  year  was  charged  for 
Series  No.  48. 

In  the  water  power  development  of  the  main  falls, 
there  is  nothing  that  could  rightly  be  called  a  dam. 
Underlying  both  sides  of  the  river  and  the  falls,  is  a 
limestone  ledge  which  is  about  12  ft.  thick  on  the  down- 
stream edge,  and  which  tapers  in  thickness  as  it  ex- 
tends up  stream  to  where  it  stops  some  1200  ft.  above 
the  Falls.  In  fact,  it  is  like  a  shingle  with  its  thin  edge 
lying  up  stream.  The  downstream  edge  of  the  ledge  is 
in  the  fonn  of  a  great  hollow  square  or  horseshoe 
whose  sides  extend  down  stream.  At  the  upper  end  of 
the  hollow  square  in  the  center,  is  the  spillway.     This 


is  an  apron  which  protects  the  face  of  the  ledge  and 
slopes  from  the  top  of  the  ledge  to  the  pool  below. 
Starting  from  either  end  of  the  apron,  extending  up 
stream  and  built  on  top  of  the  ledge  in  an  elongated  U 
shape,  is  a  dam  which  gives  a  depth  of  water  of  14  ft. 
above  the  ledge,  forming  the  mill  pond,  from  which  the 
water  is  taken  in  canals  to  the  mills.  The  water  spills 
over  this  dam  on  to  the  ledge  and  down  over  the  apron. 
From  ends  of  the  apron  and  forming  a  continuation 
of  the  dam,  are  walls  built  on  top  of  and  following  the 
edges  of  the  ledge  downstream.  These  walls  form  the 
river  side  of  the  main  head  races  to  the  mills,  one  on 
either  side  of  the  river.  The  mills  on  the  river  side 
of  the  head  race  have  their  front  walls  built  on  the  wall 
of  the  canal  and  their  back  walls  extending  down  to 
tail  race  level,  making  them  some  three  stories  higher 
in  the  back  than  in  the  front.  These  mills  take  their 
water  supply  through  penstocks  and  the  water-wheels 
discharge  directly  into  the  main  tail  race.  The  mills 
on  the  other  side  of  the  head  race  take  their  water 
through  canals  from  the  head  race  into  open  flume 
\\aterwheel  settings.  These  wheels  discharge  through 
holes  cut  through  the  ledge.  From  these  wheel  pits 
tunnels  are  cut  under  the  ledge  to  the  main  tail  race. 
The  formation  below  the  ledge  is  a  tightly  compressed 
white  sand  which  just  misses  being  sandstone,  and  it 
is  through  this  that  the  tail  races  are  cut.  ]Most  of 
these  races  are  lined  with  concrete  or  brick  up  to  the 
ledge,  the  ledge  making  the  roof. 

The  water  power  development  in  its  present  state 
was  not  reached  without  as  many  serious  mishaps  as 
befell  the  mills  in  their  evolution.  The  earlier  retain- 
ing walls  and  canals  were  timber  and  crib  structures, 
and  there  were  many  wash-outs,  even  carrying  entire 
mills  away.  In  1870  the  most  severe  wash-out  oc- 
curred. Through  a  break  on  the  east  side,  almost  the 
entire  I'iver  ran  under  the  ledge,  and  it  looked  as  if  the 
Minneajjolis  water  power  were  a  thing  of  the  past.  It 
was  then  that  the  federal  authorities  were  called  upon 
for  help.  Congress  appropriated  over  half  a  million 
dollars,  and  with  this  a  dike  or  cut-off  wall  was  built 
across  the  river  luider  the  ledge. 

In  the  early  days  there  was  no  attempt  made  to  main- 
tain a  uniform  head  of  water  by  limiting  the  amount 
each  mill  could  use.  When  the  water  was  low  it  was  just 
a  grand  scramble  to  see  who  would  get  enough  to  keep 
their  mill  running.  Stories  are  told  of  how,  when 
there  would  be  but  two  or  three  feet  of  water  in  the 
canal,  the  crew  in  one  mill  would  build  dikes  of  sand 
bags  and  boards  to  divert  the  water  into  their  wheel 
pit.  Then  the  crew  from  the  mill  below  them  would 
try  to  tear  out  the  dike  so  they  could  get  the  water,  and 
a  fight  would  ensue  with  material  damage  to  the  heads 
of  the  party  having  the  smallest  number  of  picks  and 
shovels.  The  power  on  the  east  side  of  the  river  was 
controlled  by  the  St.  Anthony  Falls  "Water  Power 
Company,   and  on  the  west  side  by  the  Minneapolis 
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Mill  Company.    While  these  two  companies  still  exist, 
Ihej'  are  now  under  the  same  management. 

THE   MILLING   PROCESS 

Pi-obably  the  oldest  known  mechanical  process  is  the 
I'eduction  of  seeds  or  grain  to  meal.  The  prehistoric 
man  may  have  had  a  loom  for  weaving  his  cloth,  but 
he  did  not  leave  one  for  us  to  see.  He  did  leave  us 
the  hollowed  out  boulder  to  testify  to  the  fact  that  he 
ground  his  wild  seeds  that  they  might  be  made  more 
suitable  as  food  for  human  beings.  He  discovered  the 
fact  that  his  digestive  apparatus  was  not  effective  in 
penetrating  the  outer  protective  coating  of  the  seeds 
so  that  the  meat  within  might  be  assimilated  and  give 
him  strength.     His  mental  processes  may  have  been 


Hungarian  process  is  misused  when  it  is  given  to  cover 
the  use  of  chilled  iron  rolls,  and  such  is  often  the  case. 
This  process  can  be  carried  out  on  Buhr  stones  as  well 
as  on  rolls. 

The  next  improvement  was  the  purifier  which  was 
developed  in  Minneapolis,  and  is  distinctively  an 
American  contribution  to  milling,  althougli  some  at- 
tempts had  been  made  in  France  to  use  such  a  machine. 
The  purifier  is  a  machine  which  in  simple  terms  can 
be  described  as  a  reciprocating  sieve  over  which  passes 
certain  of  the  streams  of  mill  stock  and  through  which 
is  drawn  a  ciirrent  of  air  wliicli  removes  the  dust  that 
would  cause  discoloration  in  the  finished  flour. 

The  old-time  method  of  making  flour  was  to  reduce 
the  wheat  berry  in  one  grinding  operation  to  as  nearly 


Fig.   4     Milling   District  from  West 


as  ci-ude  as  his  time,  but  they  were  concerned  chiefly 
in  getting  food  and  clothing — mostly  food — and  he 
seems  to  have  solved  the  problem  for  many  following 
generations. 

For  ceiituries  the  mortar  and  jiestle  were  the  mills 
for  the  grinding  of  grain.  It  is  still  used  in  the  less 
civilized  countries.  Then  came  the  stones  which  were 
too  large  to  be  easily  used  by  hand  and  were  turned 
bj'  animal  or  man  power  in  treadmill  style  with  a  long 
sweep  attached  to  the  upper  stone.  The  French  Buhr 
stone  of  tlie  present  day  is  the  same  idea  except  that 
the  upper  stone  is  driven  by  a  vertical  shaft  which 
passes  down  through  the  hole  or  eye  of  the  lower  or 
stationary  stone.  Tliis  type  of  mill  is  not  entirely  ob- 
.solete  but  is  used  in  some  of  the  present  day  mills 
for  finishing  certain  of  the  purified  streams  or  mid- 
dlings. 

In  ]S39  came  the  next  step  when  cast-iron  rollers 
began  to  be  used  in  Budapest.  The  first  successful 
machine  used  there  was  the  Sulzberger  cast-iron  roller 
machine.  About  this  same  time  the  Hungarian  millers 
began  to  use  the  gradual  reduction  process  which  came 
to  be  known   as   the   Hungarian   process.      The   term 


the  fineness  of  the  finished  product  as  was  possible. 
That  part  of  the  bran  or  husk  which  was  not  at  the 
same  time  reduced  to  an  equal  fineness  to  the  flour, 
was  removed  by  sifting.  The  flour  obtained  by  such  a 
process  was  inferior  in  color,  containing  as  it  did  a 
large  percentage  of  finely  ground  bran  and  dust  from 
the  crease  in  the  wheat  berry. 

The  Hungarian,  or  gradual  reduction  process,  is 
the  sj'stem  in  which  the  wheat  passes  through  nu- 
merous grinding  operations  in  series  before  its  final 
reduction  to  flour.  The  first  grinding  operation,  or 
first  break,  as  it  is  called,  lays  the  berry  open.  The 
next  or  second  break,  cuts  ofi:  some  of  the  inside  of 
the  berry  left  exposed  by  the  first  break.  The  third 
break  takes  off  some  more,  and  so  on  to  the  fifth  and 
final  break  where  nothing  but  the  bran  is  left  in  its 
familiar  flattened  condition.  The  pieces  of  the  inside 
of  the  berry  cut  off  by  the  break  rolls,  are  called  mid- 
dlings and  are  what  are  finally  reduced  to  flour.  The 
middlings  are  passed  over  the  purifiers  and  the  dust 
caused  by  the  grinding  is  removed.  Dust  cannot  be 
removed  from  the  flour,  and  therein  lies  the  advantage 
of  the  gradual  reduction  process  in  producing  clean, 
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white  Hour.  The  term  eut  is  used  in  deseribiug  the 
action  of  the  break  rolls,  as  tliese  rolls  have  kuife-like 
(!Orrugations  ou  their  surfaces,  and  actually  do  eut 
rather  than  grind. 

The  color  of  finished  Hour,  aside  from  its  being  free 
from  impurities,  is  obtained  by  granulation.  A  piece 
of  glass  reduced  to  powder  is  pure  white.  This  is 
because  the  light  which  it  reflects  is  broken  up  by  the 
facets  of  the  minute  particles.  So  it  is  witli  flour. 
The  inside  of  the  hard  spring  wheat  berry  is  an  opaque, 
flint-like  substance,  slightly  yellow  in  color.  When 
reduced  to  the  fineness  of  floui',  the  more  granular  or 
sharp  the  particles,  the  whiter  the  color. 


Fig.   5     Milling  District  and  Falls  from  East 

The  wheat  from  the  dilt'erent  sections  of  the  country 
tributary  to  any  mill  is  by  no  means  tlie  same  in 
characteristics  or  quality.  Again  the  wheat  grown  on 
a  certain  piece  of  land  this  year,  will  in  its  milling 
value  or  strength,  be  very  different  from  that  grown 
last  year,  even  though  the  same  seed  be  used.  The 
quality  of  the  wheat  is  a  variable  but  tlie  quality  of 
the  flour  must  be  a  constant.  The  color  of  the  flour 
must  be  the  same  this  year  as  it  was  last  year ;  the  glu- 
ten must  be  of  a  certain  percentage  and  quality,  and 
its  ability  to  absorb  water  must  not  vary.  The  modern 
mill  has  a  well-equipped  laboratory,  and  it  is  here  that 
the  various  kinds  of  wheat  are  tested  as  to  their  value 
for  making  flour.  A  large  part  of  the  available  supply 
of  wheat  may  be  inferior  in  color  or  low  in  gluten. 
A  stronger  wheat  must  be  found  to  blend  with  it, 
tliat  tlie  product  may  be  uniform. 

The  various  kinds  of  wheat  are  delivered  to  the  mill 
elevator  loaded  in  bulk  in  box  cars.  These  ears  may 
come  from  the  large  terminal  grain  storage  elevators 
or  directly  fi-ora  the  small  farmers'  elevators  that  are 
scattered  along  the  lines  of  railroads  that  tap  the 
wheat  producing  country.  The  wheat  is  taken  out  of 
the  car  by  power  shovels  and  drops  through  a  grating 
into  a  receiving  hopper.     From  here  it  is  elevated  to 


the  top  floor  of  the  elevator  and  discharged  into  a 
garner  which  is  large  enough  to  hold  the  contents  of 
the  largest  car,  or  about  2,000  bu.  The  garner  opens 
into  the  hopper  of  the  receiving  scale,  and  the  car  load 
is  weighed  in  one  draft.  The  wheat  then  falls  into 
what  is  called  a  receiving  separator  which  is  a  machine 
having  a  number  of  reciprocating  sieves  of  perforated 
metal.  This  removes  the  coarse  refuse  such  as  pieces  of 
wood,  coal,  iron  ore,  straw  joints  and  even  an  occa- 
sional IngersoU  watch.  It  is  then  ready  for  storage 
and  drops  on  conveyor  belts  which  discharge  directly 
into  the  storage  bins.  This  wheat  ha^'ing  been  in- 
spected and  graded  before  unloading,  is  carded  to  go 
to  bin  No.  20,  for  instance.  Bin  No.  20  contains  wheat 
of  the  same  grade  or  of  the  same  value  for  milling 
purposes.  The  advantage  of  a  large  mill  elevator  lies 
in  this  ability  to  take  care  of  many  kinds  of  wheat 
and  store  them  in  quantities  that  insure  a  uniform 
mixture. 

In  the  basement  under  the  storage  bins  is  a  con- 
veyor belt  having  spouts  leading  to  it  from  the  bins. 
By  means  of  graduated  slides  in  these  spouts,  a  pre- 
determined percentage  of  wheat  from  any  bin  may 
be  drawn  on  to  the  conveyor.  A  number  of  bins  may 
be  drawn  upon  in  this  manner  to  get  a  wheat  mix- 
ture that  is  right  for  milling.  The  mixing  convej-or 
discharges  into  an  elevator  which  takes  the  wheat 
again  to  the  top  of  the  elevator  where  it  passes  through 
another  weighing  process  on  its  way  to  the  bins  in  the 
mill  proper. 

This  wheat  is  still  far  from  being  in  condition  for 
grinding.  Every  bushel  contains  from  one  to  two 
pounds  of  foreign  seeds,  such  as  oats,  cockle,  mustard, 
grass,  flax,  etc.  These  are  removed  by  passing  over 
numerous  sieves  in  the  milling  separators.  These 
seeds,  after  the  removal  of  the  mustard,  are  pulverized 
and  sold  as  stock  food  or  ground  screenings. 

The  next  step  is  the  cleaning  process.  There  are 
two  different  methods  in  use,  the  wet  and  the  dry.  In 
the  wet  process  the  wheat,  together  with  a  stream  of 
water,  passes  into  a  washing  machine,  or  "  whizzer." 
This  machine  has  a  rapidly  revolving  cylinder  which 
violently  agitates  the  wheat  in  the  flowing  water.  As 
the  wheat  passes  further  along  in  the  machine,  the 
water,  together  with  the  impurities,  is  thrown  off  by 
the  centrifugal  force,  partially  drying  the  grain  at  the 
same  time.  The  wheat  has  to  be  dried  further  by 
dropping  through  large  cylinders  having  baffles  to 
I'ctard  the  flow,  while  hot,  dry  air  is  blown  upward 
through  the  cylinder,  thus  completing  the  drying. 
The  dry  process  cleans  the  wheat  by  dry  scouring 
many  times  in  series.  The  scouring  machines  used 
have  cylinders  made  up  of  chilled  iron  plates  having 
very  narrow  openings  or  vents.  Inside  of  the  cylinders 
are  rapidly  revolving  paddles  or  beaters  that  keep 
throwing  the  wheat  against  the  cylinder.  At  the  same 
time  a  strong  current  of  air  is  drawn  out  through  the 
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Vents  iu  the  cylinder,  which  removes  tlie  dust  aud 
material  that  is  scoured  oft'  the  wheat.  Each  machine 
gives  nine  separate  scourings  and  four  or  five  machines 
are  used  iu  series.  This  scouring  is  so  complete  that 
the  outer  coating  of  the  bran  and  the  ' '  beard  ' '  of  the 
wheat  is  removed,  yet  the  berry  is  not  broken  or 
bruised,  b\it  emerges  in  a  smooth,  polished  condition. 

After  liaving  had  so  much  air  drawn  through  the 
wheat,  the  shell  or  bran  has  become  dried  out  and  is 
so  brittle  that  if  put  over  rolls  in  this  condition,  this 
bran  would  pulverize  and  become  impossible  of  separa- 
tion from  the  flour.  To  correct  this,  the  wheat  is 
dampened,  after  which  it  is  allowed  to  stand  for  a 
number  of  hours  in  a  bin,  that  the  moisture  may  pene- 
trate the  bran.  After  coming  from  the  bin,  the  stream 
of  wlieat  is  passed  through  live  steam  which  still  fur- 
tlifi'  toughens  the  bran  by  driving  the  moisture  in. 
This  is  called  the  tempering  process. 

The  tempered  wheat  is  now  ready  for  grinding  and 
flows  directly  to  tlie  first  break  rolls  where  the  berrj- 
is  opened  up.  The  stock  then  passes  to  the  scalping 
process,  which  is  the  separation  of  what  flour  and 
middlings  are  made  by  the  first  grinding  from  the 
bran,  which  has  practically  all  of  the  inside  of  the 
wheat  berry  adhering  to  it.  The  scalping  is  done  on 
revolving  cylinders  of  wire  cloth  called  x'eels,  or  on 
large  gyrating  sifters  having  a  number  of  flat  sieves 
of  wire  clotli.  As  small  an  amount  of  flour  is  made  on 
the  first  break  as  possible,  as  this  flour,  containing  as  it 
does  some  of  the  dust  from  the  crease  in  the  wheat 
berry,  which  cannot  be  removed  by  any  washing  or 
scouring  process,  is  inferior  in  color  and  mi;st  be 
diverted  to  the  lower  grade  products.  This  applies 
to  practically  all  of  the  flour  made  on  the  break  rolls. 

Tlie  first  break  stock  after  scalping,  passes  to  the 
second  break  rolls.  It  is  on  these  rolls  that  a  large 
amount  of  middlings  are  made.  This  stock  is  treated 
to  remove  tlie  middlings  and  flour  in  the  same  manner 
as  that  from  the  first  break,  after  which  it  passes  to 
the  third  break.  The  process  is  continued  to  the  fourth 
and  fifth  breaks  when  all  of  tlie  inside  of  the  berry 
lias  been  removed  from  the  bran.  The  bran  then  goes 
to  a  machine  called  a  bran  duster  W'hicli  removes  wliat 
flour  has  adhered  to  it.  The  bran  duster  is  somewhat 
on  the  same  principle  as  the  wheat  scourer,  except  that 
soft  brushes  are  used  instead  of  paddles  or  beaters, 
and  the  cylinder  agaiinst  which  the  bran  is  brashed, 
is  of  wire  screen.  This  finishes  the  bran  so  far  as  the 
milling  process  is  concerned  and  it  is  ready  to  pack 
out. 

The  middlings  made  by  the  break  rolls  vary  in  size 
from  that  of  a  coarse  quartz  sand  to  a  fineness  that  is 
hardly  different  from  that  of  finished  flour.  These 
middlings  are  graded  or  sifted  into  six  different  sizes, 
so  that  each  resulting  stream  contains  granular  par- 
ticles of  practically  the  same  size.  This  sifting  is  done 
through   wire   or   silk   gauze   liaving   very   accurately 


spaced  meshes.  These  streams  of  graded  middlings 
then  pass  to  purifiers  where  strong  air  currents  are 
drawn  ujjward  through  them  as  they  pass  over  the 
sieves,  the  meshes  of  which  are  of  a  spacing  that  does 
not  permit  of  the  granular  particles  falling  through. 
The  coar.ser  middlings  then  pass  to  reducing  rolls 
having  finer  teeth  or  corrugations  than  the  break  rolls, 
these  corrugations  being  still  finer  for  the  smaller 
sized  middlings.  The  action  of  the  reducing  rolls  is 
still  a  cutting  action,  it  being  the  idea  to  make  finer 
middlings  of  coarser,  and  not  to  make  flour  in  the  proc- 
ess. From  these  rolls  the  grading  and  purifying  proc- 
ess, followed  by  further  roll  reduction,  is  continued 
until  all  the  streams  of  middlings  have  been  reduced 
to  very  nearly  tlie  fineness  of  flour. 

The  final  reduction  of  middlings  to  flour  is  on  smooth 
rolls  where  the  action  is  more  truly  a  grinding  one. 
The  stock  passing  to  these  rolls  is  so  very  fine  grained 
that  this  action  extends  still  further  the  granulation 
process  and  instead  of  flattening  or  rounding  up  the 
particles,  the  flour  obtained  is  sharp  and  granular. 
Not  all  of  the  middlings  are  reduced  by  the  first 
passage  through  the  smooth  rolls  to  the  proper  fineness 
for  flour,  so  the  stream  must  pass  again  to  a  reel  where 
the  finished  flour  sifts  through  the  silk  cloth  covering 
and  the  middlings  that  are  separated  out,  sent  again 
to  the  smooth  rolls  for  reduction.  This  process  is  con- 
tinued until  all  the  stock  is  dressed  or  sifted  to  flour. 
From  wheat  to  flour  there  are  about  21  reductions  in 
the  process. 

The  second  grade  of  flour  made  in  the  process  is 
called  "  bakers  "  or  first  clear.  This  is  composed  of 
the  cleaner  flour  from  the  break  rolls  and  part  of  the 
fiour  made  in  the  reduction  of  the  middlings,  including 
that  taken  out  of  the  middlings  by  the  air  purifying 
process.  This  flour  is  not  as  white  as  the  First  Patent 
and  w'liile  high  in  its  percentage  of  gluten,  this  gluten 
does  not  have  the  expansive  power  of  that  in  the 
Patent  Flour.  The  expansion  of  the  gluten  is  what 
makes  large,  finn  loaves  of  bread,  while  its  quality 
determines  the  lightness  of  the  loaf  and  to  a  certain 
extent,  its  color. 

The  next  lower  grade  of  flour  is  the  Second  Clear, 
and  is  made  up  of  all  the  rest  of  the  by-product  flour 
that  is  "clear"  of  fine  particles  of  bran.  Every 
machine  in  a  mill,  roller  mills,  bolters,  purifiers,  reels 
and  elevators,  has  an  air  suction  connected  to  it.  This 
suction  s\'stem  yields  a  large  part  of  the  lower  grade 
by-product  flour. 

The  next  product  is  laiown  as  "  Red  Dog  "  and 
consists  of  that  part  of  the  flour  which  contains  very 
small  particles  of  bran  that  cannot  be  separated  from 
it.  It  is  the  dividing  line  in  the  mill  products,  being 
a  mixture  of  flour  and  bran. 

Then  comes  the  "  Shorts  "  w-hich  consists  of  finely 
divided  particles  of  bran.  Wliile  it  is  the  idea  in  mill- 
ing to  keep  the  bran  intact,  there  are  many  small  par- 
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tides  brokwi  off  in  the  i)rocess.  The  ones  that  are  large 
enough  to  be  sifted  out,  go  to  shorts. 

A  great  many  adjustments  in  milling  machinery  are 
provided  for.  Slides  and  valves  in  the  spouting  en- 
able various  streams  of  mill  stocks  to  be  combined  or 
divided  at  will,  or  switched  from  one  machine  to  an- 
other. There  is  a  continual  clianging  of  the  flow  of  a 
mill  that  the  flour  may  be  uniform.  On  a  damp,  rainy 
day,  the  flour  absorbs  moisture  and  does  not  bolt  or 
sift  through  the  silk  cloths  as  freely  as  on  a  clear,  dry 
day.  At  least  once  an  hour,  tlie  flour  is  tested  by 
wetting  a  sample  and  comparing  with  a  standard 
sample  wliich  is  of  unvarying  quality.  The  wetting 
empliasizes  any  tendency  to  change  in  color.  It  may 
be  that  the  test  shows  that  some  of  the  stock  going  to 
the  First  Patent  should  be  diverted  to  the  second  grade 
or  Bakers,  and  a  ciiange  in  the  flow  is  made  accord- 
ingly. If  the  stock  bolts  too  freely,  the  flour  will  be 
too  coarse.  A  reel  having  a  light  load  bolts  more  freely 
than  one  having  a  larger  stream  passing  through,  and 
the  tendency  to  coarseness  in  the  flour  must  be  cor- 
rected by  shifting  a  larger  stream  to  the  lightly  loaded 
reel.  Aside  from  these  tests  made  in  the  mills,  the  mill 
laboratory  plays  an  important  part  in  keeping  the 
product  uniform.  In  companies  having  several  mills, 
samples  are  taken  every  day  of  the  run  of  each  mill 
and  baked  into  test  loaves  of  bread.  The  millers 
from  the  various  mills  come  together  at  bake  room 
time  and  judge  the  bread  according  to  size  of  loaf, 
texture  and  color.  This  keeps  the  flour  from  each  mill 
in  the  group  the  same  as  that  from  the  others.  At  the 
same  time  are  seen  samples  of  the  gluten  with  its  per- 
centage, samples  of  dough  which  is  another  guide  to 
color  and  test  for  moisture  in  the  various  mill  pro- 
ducts. Tests  for  ash  which  give  the  mineral  salts  con- 
tent are  made  in  retorts.  This  is  another  indication 
of  the  strength  of  the  wheat  and  expansion  of  the 
gluten.  In  fact  every  possible  test  is  made  that  leads 
to  a  complete  knowledge  of  wheat  and  mill  products. 
Modem  American  milling  in  its  highest  development 
is  a  scientific  process  and  not  guess  work  as  was  the 
older  process.  Absolute  unifonnity  of  product  is  as- 
sured whether  made  in  one  mill  or  several. 

It  may  not  be  out  of  place  to  give  some  idea  of  tlie 
power  necessary  to  drive  a  flour  mill.  With  1000 
h.p.  the  average  modern  mill  will  make  2500  bbl.  of 
flour  per  24  hours.  This  gives  a  power  consumption 
of  a  little  less  than  10  h.p.-hr.  per  bbl.  Taking  1000 
h.p.  as  a  basis,  there  is  one  mill  in  tliis  country  tliat 
makes    3500    to    4000    bbl.    or    a    power    consumption 


of  (i  h.p.-hr.  per  bbl.  Another  mill  makes  1200  bbl. 
with  tlie  same  power.  These  two  mills  may  be  called 
the  extremes.  The  first  miU  has  power  transmission 
machinery  that  cannot  be  excelled  by  any  manufactur- 
ing plant,  and  the  mill  building  is  of  steel  and  concrete 
which  assures  perfect  alignment  of  shafting.  The 
second  mill  is  a  freak  in  that  it  has  two  or  more  times 
the  amount  of  milling  machinery  than  another  mill  of 
the  same  capacity  would  have.  As  the  friction  load 
is  38  to  40  per  cent  of  the  total,  perfection  in  the 
transmission  machinery  or  the  amount  of  mill  ma- 
chinery are,  very  largely,  the  deciding  factors  in  the 
power  efficiency  of  the  mill. 

In  the  average  mill,  the  distribution  of  power  to  the 
various  classes  of  machinery  is  as  foUows : 

Per  Cent. 

TVheat    cleauing 35 

Smooth  rolls 25 

Breaking  and  middling  rolls 14 

Bolting,  purifying,  etc 26 

100 

This  includes  the  transmission  and  fi*ietion  losses  in- 
cluding that  of  the  machines  themselves. 

Flour  mills,  in  general,  are  driven  as  a  unit  from  a 
single  source  of  power.  The  process  from  start  to  fin- 
ish is  a  continuous  one,  and  the  various  streams  must 
not  be  stopped.  If  troubles  occur  through  breakage 
of  machinery  the  entire  mill  must  shut  down,  else  the 
choking  up  of  spouting  and  macliines  would  cause 
more  delay  than  the  accident  itself.  There  are  a  few 
mills  having  group  drive  by  motors  where  the  roll  floor 
is  driven  by  one  motor,  the  bolting  machinery  by  an- 
other, etc.  With  such  a  drive,  remote  push  button 
control  is  necessary  to  stop  and  start  all  motors  at  the 
same  instant  to  prevent  choking.  Aside  from  this 
an  interlocking  system  on  the  trip  and  no  voltage 
release  coils  should  be  used,  so  that  if  one  motor  were 
cut  out  by  an  overload  or  no  voltage,  all  the  motors 
would  be  released  at  the  same  time.  The  advantage 
of  such  a  system  over  unit  control  is  doubtful.  The 
grain-machinery  in  the  storage  elevator  and  the  flour 
packing  machinery  is  very  often  used  with  individual 
drive. 

A  flour  mill  offers  almost  ideal  conditions  for  cheap 
production  of  power.  The  load  is  uniform  and  steady, 
so  that  the  load  factor  is  practically  unity. 

The  writer  is  indebted  to  the  Northwestern  Miller 
for  facts  relating  to  the  liistory  of  milling  in  Minne- 
apolis. 
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REPORTS  OF  MEETINGS 

MILWAUKEE    MEETING,    MARCH    21 

The  second  joint  meeting  of  the  technical  societies  of  Wis- 
consin was  held  in  Milwaukee  on  March  21,  1914,  with  a 
very  large  attendance,  about  500  being  present  at  the  morn- 
ing session  and  700  during  the  afternoon  and  evening.  Wm. 
George  Bruce,  secretary  of  the  Merchants  and  Manufac- 
turers Association  of  Milwaukee,  delivered  the  opening  ad- 
dress. Alfred  0.  Crozier  presented  a  paper  on  Cement  and 
Clay  Products  Contrasted.  He  was  followed  by  Prof.  R.  C. 
Disque,  who  spoke  of  the  Historical  Significance  of  the  1907 
Wisconsin  Law  for  the  Regulation  of  Public  Utilities,  which 
was  the  first  significant  attempt  to  treat  the  problem  of  legis- 
lative regulation  as  a  two-sided  question.  Professor  Disque 
traced  the  history  of  such  regulation  and  described  in  detail 
the  various  points  of  the  law  passed. 

Dinner  was  served  at  noon,  A.  A.  Gray  addressing  those 
present.  At  the  afternoon  session,  papers  were  presented  on 
Principles  of  Illumination,  by  John  Hayes  Smith;  Principles 
of  Street  Lighting,  illustrated  by  slides,  by  Arthur  J.  Sweet 
and  Francis  A.  Vaughn;  Manufacture  of  Pure  Iron  Prod- 
ucts, illustrated  by  slides,  by  G.  F.  Ahlbrandt;  the  Measure- 
ment of  Gases  in  Large  Quantities,  illustrated  by  slides,  by 
J.  C.  Wilson ;  Jlodern  Machine  Tools,  by  A.  Wood  of  Lodge 
&  Shipley;  and  Development  in  American  Power  Plant  Ma- 
chinery, illustrated  by  slides,  by  Prof.  A.  G.  Christie. 

Following  a  supper  a  lecture  on  Radium  was  given  by 
Dr.  Herbert  N.  McCoy,  which  was  illustrated  by  lantern 
slides. 

ST.  LOUIS  MEETING,  JUNE  3 

The  June  meeting  of  the  Affiliated  Engineering  Societies 
of  St.  Louis  was  held  on  the  3d  under  the  auspices  of  the 
Society.  H.  R.  Setz  gave  an  informal  talk  on  Oil  Engines, 
with  special  reference  to  the  Fulton-Tosi  Oil  Engine,  in 
which  he  discussed  the  principal  engineering  problems  in- 
volved in  Diesel  engine  construction.  Mr.  Setz  restricted 
himself  to  the  moderate  speed  vertical  four-cycle  engine  as 
the  type  which,  by  virtue  of  its  unsurpassed  reliability  in 
continuous  operation,  is  leading  all  others.  The  vast  expe- 
rience obtamed  with  this  prime  mover  in  thousands  of  in- 
stallations gradually  evolved  typical  constructive  elements, 
which  in  their  main  parts  were  analyzed  and  explained  by 
lantern  slides.  Mr.  Setz  further  showed  how  American  con- 
ditions could  be  successfully  met  without  impairing  economy 
or  reliability  of  operation.  The  economic  side  of  the  Diesel 
engine  was  touched  upon  and  data  produced  to  show  its  great 
possibilities  in  this  country,  particularly  in  the  South  and 
Southwest. 

CINCINNATI  MEETING,  JUNE  4 

A  joint  meeting  of  the  Cincinnati  Section  and  the  Engi- 
neers Club  of  Cincinnati  was  held  on  June  4  at  the  Univer- 
sity of  Cincinnati.  W.  A.  Phillis  of  the  National  Tube  Com- 
pany, Pittsburgh,  spoke  on  the  subject.  From  Ore  to  Na- 
tional Pipe.  The  address  was  illustrated  with  motion  pic- 
tures and  Mr.  Phillis  showed  his  audience  many  interesting 
phases  of  the  manufacture  of  pipe,  such  as  the  mining  of 
the  ore,  the  transportation  of  the  ore  to  the  lakes,  the  han- 
dling of  the  ore  at  the  docks,  the  loading  of  the  ore  trans- 
ports, the  making  of  pig-iron  at  the  blast  furnaces,  the  open- 
hearth  and  bessemer  processes  of  making  steel,  the  pouring 


and  handling  of  ingots,  the  rolling  of  the  ingots  into  slabs, 
and  the  rolling,  welding,  mspection  and  handling  of  pipe. 

NECROLOGY 

EMIL  C.  BOERNER 

Emil  C.  Boerner,  consulting  mechanical  engineer  for  Rus- 
sell, Burdsall  &  Ward  Bolt  and  Nut  Company,  died  in  Port 
Chester,  N.  Y.,  on  May  27,  1914,  after  an  illness  of  some 
months  duration. 

Mr.  Boerner  was  born  in  Germany  on  May  23,  1843,  and 
came  to  the  United  States  at  the  age  of  fifteen.  His  first 
connection  was  as  an  apprentice  to  Russell,  Burdsall  & 
Ward,  and  at  the  time  of  his  death  he  had  sei-\'ed  the  com- 
pany for  fifty  years.  When  he  first  entered  their  employ 
their  only  plant  was  situated  at  Pemberwick  and  was  oper- 
ated on  comparatively  small  lines.  After  a  number  of  years 
spent  in  the  upper  shop,  he  severed  his  connection  to  go 
into  partnership  with  George  C.  Mertz  in  the  wood  planing 
business.  Upon  the  dissolution  of  this  firm,  Mr.  Boerner 
went  to  Providence,  R.  I.,  as  a  machinist,  but  after  a  brief 
time  returned  to  Port  Chester  to  liis  early  employers. 

Mr.  Boerner  was  a  designer  of  automatic  bolt  and  nut 
machinery. 

FRANK  L.  BUSEY 

Frank  L.  Busey  was  born  in  Urbana,  111.,  on  August  28, 
1872,  and  was  graduated  from  the  University  of  Illinois  in 
1895  with  the  degree  of  B.S.,  receiving  also  the  degree  of 
M.E.  in  1898.  He  was  employed  in  various  engineering  ca- 
pacities in  Chicago  from  1895  to  1900,  and  in  1905  removed 
to  Seattle,  Wash.,  to  enter  the  office  of  a  consulting  engi- 
neer. He  returned  to  Urbana  in  1906  as  first  assistant  in  the 
engineering  experiment  station  of  the  University,  resigning 
in  1911  to  become  assistant  chief  engineer  for  the  Buffalo 
Forge  Company,  Buffalo,  N.  Y.,  which  position  he  held  at 
the  time  of  his  death. 

Mr.  Busey  was  a  frequent  contributor  to  the  engineering 
magazines,  writing  for  the  most  part  on  liis  special  subjects 
of  heating  and  ventilating.  He  had  just  completed  a  hand- 
book on  fan  system  apparatus,  under  the  direction  of  Willis 
H.  Carrier,  which  was  in  the  printer's  hands  when  his  death 
occurred  at  the  Battle  Creek  Sanitarium  on  .June  7,  1914. 

GEORGE  A.  DOUGHTY 

George  A.  Doughty,  who  died  on  March  8,  1914,  was  born 
in  Brooklyn,  N.  Y.,  on  April  2,  1878,  and  was  educated  in 
the  public  schools,  Brooklyn  Polytechnic  Institute,  and 
Stevens  Institute  of  Technology.  In  1898  he  entered  the 
drafting  room  of  the  Logan  Iron  Works,  becoming  secre- 
tary of  the  company  in  1909,  which  position  he  held  at  the 
time  of  his  death. 

He  has  been  identified  largely  with  the  design,  fabrication 
and  erection  of  shields  and  caissons,  and  with  general  founda- 
tion work  in  connection  with  the  building  of  subways  and 
tunnels. 

THOMAS  HILL 

Thomas  Hill,  vice-president  of  the  Electric  Wheel  Works, 
died  at  his  home  in  Quincy,  lU.,  on  May  27,  1914,  after  a 
long  illness.  Mr.  Hill  was  a  native  of  England,  where  he 
was  bom  in  Newton,  Wales,  on  May  3,  1840.     He  came  to 
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the  United  States  at  the  age  o£  21,  locating  at  first  in  St. 
Louis,  wliere  he  remained  during  the  Civil  War,  working  on 
government  boats  in  the  river.  Li  1806  he  removed  to  Quincy 
and  entered  the  employ  of  the  Smith-Robertson  Company. 
Here  he  rapidly  advanced  to  an  interest  in  the  concern, 
which  became  known  as  the  Smith-Hill  Elevator  Company. 
As  Mr.  Hill  had  made  a  number  of  imi>rovements  on  ele- 
vatoi-s  and  held  patent  rights,  the  company  dropped  all  ma- 
chine work  and  devoted  itself  entirely  to  the  manufacture 
of  elevators. 

When  the  Otis  P^levator  Company  absorbed  the  Smith- 
Hill  company,  Mr.  Hill  went  to  Chicago,  but  remained  only 
two  years.  He  became  interested  during  that  time  in  an 
engine  and  formed  the  Quincy  Engine  Company,  acting  as 
president  of  the  concern.  At  the  same  time  the  Ellington 
Manufacturing  Company  and  the  Electric  Wheel  Company 
w-ere  formed  and  Mr.  Hill  was  made  president  of  the  former 
and  vice-president  of  the  latter. 

RODNEY  C.  PENNEY 

Rodney  C.  Penney  was  born  in  East  Addington,  Me.,  on 
November  11,  185.3,  and  was  educated  in  the  schools  and 
the  Eastern  Maine  Conference  Seminary  of  Bucksport,  Me. 
His  first  shop  experience  was  with  his  father  at  St.  Jolms, 
N.  B.,  and  his  apprenticeship  was  served  in  the  shop  of  the 
Bangor  and  Piscataquis  R.  R.  of  Oldtown,  Me.,  also  under 
his  father  who  was  master  mechanic  of  the  railroad.  He 
served  for  a  short  time  as  locomotive  engineer  on  the  Ban- 
gor &  Katahdin  Iron  Works  of  Brownsville,  Me.,  and  in 
1885  became  general  manager  of  the  Mouson,  Me.,  Slate 
Company.  Twelve  years  later  he  came  to  Bangor  as  gen- 
eral manager  of  the  Hinckley  Engineering  Iron  Works,  and 
during  this  time  was  instrumental  in  consolidating  his  firm 
with  the  Bangor  Foundry  &  Machine  Company,  under  its 
present  name  of  the  Union  Iron  Works. 

^Yith  several  others   he   then   formed   the   Penobscot   Ma- 


cliinery  Comjiany  of  which  he  became  president  and  man- 
ager. At  the  time  of  his  death  he  was  acting  as  Eastern 
representative  and  mechanical  engineer  of  the  Dodge  Manu- 
facturing Company. 

Mr.  Penney  served  for  a  short  time  in  the  Senate  of  the 
Maine  Legislature. 

M.  W.  SEWALL 

M.  W.  Sewall.  who  died  at  his  home  in  New  York  on  May 
'J.7,  iyi4.  was  born  in  Brownville,  Me.,  on  August  2,  1852, 
and  received  his  technical  education  in  the  Maine  State  Col- 
lege of  Agriculture  and  the  Mechanic  Arts,  graduating  in 
1875  with  honors.  In  the  following  year  he  entered  the  em- 
jtloy  of  the  Baldwin  Locomotive  Works  in  Philadelphia.  In 
1878  he  became  head  draftsman  for  the  Edge  Moor  Iron 
Company,  and  had  subserjuent  e.xperience  as  draftsman  and 
superintendent  of  erection  on  machine  and  boiler  shop  tools, 
for  Hilles  &  Jones  of  Wilmington,  Del.,  and  in  designing, 
erecting  and  fitting  up  the  new  shops  of  the  Yale  &  Towne 
Manufacturing  Company.  In  1884  he  became  assistant  engi- 
neer of  the  Pneumatic  Dynamite  Gun  Company  of  New 
^'ork,  where  he  had  charge  of  the  erection  of  guns  on  board 
tlie  U.  S.  S.  Vesuvius.  He  was  also  for  a  short  time  with  the 
Cable  Road  of  New  York,  where  he  had  charge  of  designs 
of  winding  machinei'v. 

At  the  time  of  his  death  he  had  been  in  the  employ  of  the 
Babcoek  &  Wilcox  Company,  New  York,  for  22  years,  hav- 
ing had  general  supervision  of  the  drafting  room  for  the 
earlier  part  of  this  period,  and  devoting  his  time  of  late  to 
experimental  work  on  chain  grate  stokers,  furnace  design, 
and  improvements  in  boiler  settings.  He  had  made  a  num- 
ber of  inventions  in  this  field. 

Mr.  Sewall  was  esteemed  l)y  all  who  knew  him  for  his  con- 
scientious spirit,  upright  character  and  gentleness.  He  was 
unselfish  in  imparting  the  results  of  his  experiments  to 
othei-s  and  was  ever  ready  to  lend  a  helping  hand  to  those 
about  him. 
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ENGINEERING  SURVEY 

In  the  first  section,  on  Fuels  and  Firing,  will  be  found 
articles  on  a  new  type  of  firedoor  designed  by  the  Vulcan 
Shi|)yards  in  Germany,  as  well  as  a  rather  peculiar  arrange- 
ment ftir  regulating  the  draft  in  a  chiuiney  or  stack  by  means 
of  a  wind  wheel  driven  by  the  upward  current  in  the  stack. 
In  the  next  article  are  described  several  types  of  grates  de- 
veloped in  Russia,  mainly  for  use  with  anthracite  fuel,  and  a 
new  process  for  manufacturing  peat,  brought  out  in  the  same 
country,  and  based  on  a  rather  interesting  observation  that 
the  moisture  contained  in  certain  kinds  of  peat  can  be  easily 
driven  out  by  mechanical  means,  but  with  other  kinds  this 
cannot  be  done.  A  good  fuel  can  be  produced  by  mixing  the 
two  kinds  of  peat. 

Data  of  tests  on  high-speed  hydraulic  forging  presses,  and 
description  of  a  valve  used  for  regulating  the  hydraulic 
pressure  in  this  kind  of  machinery,  are  of  interest  in  view 
of  the  comparatively  meagre  data  available  on  this  subject. 
An  article  reporting  tests  on  a  15-h.p.  Diesel  engine  contains 
an  explanation  of  the  fact  that  while  small  engines  show  a 
decrease  of  additional  friction  with  an  increase  of  lead,  large 
engines  behave  in  an  exactly  opposite  manner;  the  same  arti- 
cle establishes  also  the  relation  between  the  temperature  of 
cooling  water  and  internal  friction  in  the  engine  at  various 
loads  on  the  engine,  and  gives  data  on  the  maximum  tempera- 
tures prevailing  in  the  engine  during  the  combustion  part  of 
the  cycle.  It  is  brought  out  that  the  maximum  temperature 
is  found  not  at  maximum  load  on  the  engine,  but  at  a  cer- 
tain average  indicated  pressure. 

Particular  attention  is  called  this  month  to  the  section  on 
Machine  Shop  processes.  Guillet  and  Bernard  discuss  vari- 
ous methods  of  produdng  limited  case-hardening;  that  is, 
preventing  certain  parts  of  the  surface  from  becoming  car- 
burized.  After  discussing  the  use  of  copper  and  nickel  de- 
posits on  the  j)arts  of  the  surface  where  carburization  is  not 
to  take  place,  the  authors  show  that  tin,  notwithstanding  its 
low  melting  point,  can  be  used  to  advantage  in  certain  eases. 

In  the  same  section  Grebel  describes  a  special  type  of  fur- 
nace for  heat  treatment  of  metals  heated  by  coke-gas  mixed 
with  heavy-oil  vapor,  the  oil  not  being  passed  through  the 
fuel  bed,  but  vaporized  separately.  Further  will  be  found 
an  extensive  abstract  of  the  very  interesting  account  of  tests 
made  on  various  kinds  of  tool  steel  by  Denis,  of  the  Frencli 
Army. 

In  other  i>arts  of  the  Foreign  Review  will  be  found  articles 
on  improvements  in  the  design  of  Parsons  turbines,  strength 
of  cement  cubes,  ]30W'er  transmission  by  belt  and  ropes,  etc. 

An  interesting  paper  on  boiler  superheaters  and  their  per- 
formance is  abstracted  from  the  proceedings  of  the  Franklin 
Institute.  W.  D.  Ashton  Bost,  in  a  paper  before  the  Institute 
of  Marine  Engineers,  discusses  the  various  uses  of  wood  char- 
coal, and  gives  data  in  connection  with  its  use  on  ships  as  an 
insulating  material  on  refrigerating  apparatus.  According 
to  figures  from  Board  of  Trade  reports  it  would  appear  that 
the  results  of  fire  are  less  disastrous  where  wood  charcoal  is 
used  for  insulation  than  where  the  incombustible  silicate  cot- 


ton is  employed  for  this  purpose.  Data  on  steam  regen- 
erators, a  piece  of  apparatus  about  which  there  appears  still 
to  be  a  good  deal  of  question,  are  jjresented  in  several 
pajjers  before  the  Engineers'  Society  of  Western  Pennsyl- 
vania. 

Articles  appearing  in  the  Survey  are  classified  as  c  com- 
jiarative;  d  descriptive;  e  experimental;  g  general:  /(  his- 
torical; m  mathematical;  p  practical;  s  statistical;  t  theoret- 
ical. Articles  of  exceptional  merit  are  rated  -1  by  the 
reviewer.  Opinions  expressed  are  those  of  the  reviewer,  not 
of  the  Society. 

FOREIGN   REVIEW 

Fuels  and  Firing 

Maciiixe  Made  Peat  and  the  Process  of  Baron  Trau- 
BENBEBG  {Mashinofarmovantiiy  torf  i  sposoh  harona  Trau- 
beiiberga,  Professor  K.  Blacher,  Proceedings  of  the  Russian 
Imperial  Technical  Society  (in  Russian),  vol.  48,  no.  5,  p. 
97.  May  1914,  1.5  pp.,  7  figs.  d).  The  author  discusses  the 
machine  method  of  peat  briquette  manufacture  in  genex'al 
and  the  jn-ocess  of  Baron  Traubenberg  in  particular.  The  es- 
sential elements  of  this  latter  are  first,  in  the  operation  of  peat 
digging,  the  shifting  of  the  bucket  arm  so  as  to  make  it  pos- 
sible to  take  peat  from  various  depths  of  the  bog  separately; 
and  second,  the  placing  of  the  dredge  conveniently  with  re- 
spect to  the  bog  so  as  to  prevent  breakages  of  the  bucket 
arm.  The  next  novelty  in  the  process  is  based  on  the  fact 
observed  by  the  inventor  that  it  is  quite  easy  to  eliminate 
water  mechanically  from  peat  taken  from  the  upper  part  of 
the  bog,  while  it  is  practically  impossible  to  accomplish  this 
with  the  fat  peat  lying  at  the  bottom  of  the  bog.  He  intro- 
duces, therefore,  a  method  of  mixing  the  two  kinds  of  peat, 
having  previously  mechanically  dehydrated  the  softer  peat 
of  the  upper  layers  of  the  bog.  The  system  therefore  in- 
volves the  use  of  two  conveyors,  a  rear  conveyor  and  a  side 
conveyor.  The  upper  level  of  the  peat  is  taken  by  the  rear 
conveyor  which  delivers  it  to  a  press  for  forcing  out  the 
water;  then  the  peat  is  mixed  right  in  the  machine  with  the 
heavy  peat  from  the  lowest  level,  taken  by  the  side  conveyor. 
It  appears  that  the  peat  obtained  in  this  manner  is  much 
more  stable  than  one  not  made  of  a  mixture  of  the  two  kinds. 

The  author,  together  with  his  assistant,  engineer  Douglas, 
liave  found  the  following  methods  for  the  determination  of 
tlie  stabiliti/  of  peat:  they  made  little  peat  balls  weighing 
50  g  and  dropped  them  from  a  height  of  1  m  on  a  glass 
plate.  In  accordance  with  the  stability  of  the  mass  the  balls 
spread  more  or  less.  The  ratio  between  the  two  diameters 
of  the  mass  after  it  has  spread,  normal  to  one  another,  to 
the  square  of  the  diameter  of  the  ball  expressed  the  sta- 
bility of  the  mass  in  percentages,  equivalent  to  the  increase 
in  the  projection  of  the  mass  after  it  has  struck  the  glass. 
A  table  given  in  the  report  shows  interesting  figures  where 
the  projection  of  the  ball  increased  from  33  to  227  per  cent. 
As  regards  the  properties  of  the  briquettes  made  by  this 
process,  it  may  be  considered  to  be  established  (statement 
of  the  author)    that  such  briquettes  are  more  regular,   less 
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liable  to  crack,  and  when  tiiey  do  crack,  form  regular  and 
uniformly  distributed  lines.  The  author  describes  an  exten- 
sive test  made  by  this  process  in  Russia. 

Novelties  in  Solid  Fuel  Firin^g  Plants  (Neuerungen 
an  Feuerungsanlagen  fiir  feste  Brennstoffe,  Pradel,  Feuer- 
ungsteclmilc,  vol.  2,  no.  IC,  p.  273,  May  15,  1914,  4  pp.,  10 
figs.  d).  The  article  describes  various  new  inventions  pro- 
posed for  use  in  firing  with  solid  fuels.  Among  other  things 
Fig.  A  shows  a  device  for  cooling  the  furnace  front,  patented 
in  Germany  by  the  Vulkan  Shipyard   Company.     This  de- 
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vice  permits  very  effecti\-e  cooling  of  surfaces  forming  the 
parts  of  the  frame  which  are  particularly  exposed  to  the 
heat  of  the  furnace,  by  means  of  a  stream  of  air  regulated  by 
a  special  distributor.  The  parts  which  are  especially  in  dan- 
ger of  being  affected  by  the  heat  are  built-in  in  the  flredoor 
frame  as  separate  pieces,  so  that  they  can  be  taken  out  and 
put  in  again  by  a  simple  manipulation  of  a  few  bolts  with- 
out the  necessity  of  pulling  down  the  entire  firedoor  in- 
stallation. As  shown  in  Fig.  lA,  the  removable  part  h  is 
connected  with  the  fire-door  frame  a  by  an  anchor  bolt  c. 
The  cooling  is  done  by  means  of  a  compressed  air  stream 
going  from  the  Howden  draft  through  the  regulating  valves 
d  which  are  connected  with  the  firedoor  by  a  lever  device, 
and,  according  to  their  setting,  provide  a  more  or  less  effec- 
tive cooling  of  the  removable  pieces  6.  From  the  latter  the 
preheated  air  flows  through  the  openings  in  the  frame  a  to 
the  combustion  chamber.  The  weight  g  is  connected  by 
means  of  a  knee-lever  and  an  adjustable  intermediate  piece 
witli  the  lexer  /  which  may  be  shifted  in  its  bearings  and 
which  in  its  turn  moves  the  forked-shaped  lever  e  and  there- 
by determines  the  position  of  the  valve  d.  This  valve  in  its 
turn  opens  in  such  a  manner  as  to  permit  the  flow  of  the 
incoming  cooling  air  on  the  exchangeable  part  d  of  the 
frame  a.  When  the  firedoor  is  opened  the  valve  d  is  closed. 
The  same  article  describes  the  peculiar  arrangement  for 
the  regulation  of  draft  in  a  smokestack,  patented  in  Germany 
l)y  E.  Hartz.  It  consists  of  a  centrifugal  governor  located 
in  the  smokestack  and  more  or  less  closing  the  free  opening 
of  the  latter.  This  governor  is  regulated  by  means  of  a  wind- 
wlieel,  driven  by  the  smokestack  draft.  Fig.  B  shows  one 
of  the  possible   designs  of  this  governor,   consisting  essen- 


tially of  the  windwheel  b  built-in  in  the  smokestack  a  and 
the  governor  c  sitting  on  the  shaft  of  the  windwheel.  Blades 
of  the  windwheel  are  rotatable  about  their  horizontal  longi- 
tudinal axis  running  in  the  journals  d,  and  rotate  with  the 
speed  corresponding  to  the  existing  draft  in  such  a  manner 
that  the  opening  of  the  smokestack  is  closed  more  or  less. 
This  rotation  is  regulated  from  the  governor  c  through  the 
spindle  e,  set  on  the  governor  sleeve  and  connected  with  the 
blades  of  the  windwheel  through  the  gear  segments  /.  When 
the  draft  in  the  smokestack  is  at  its  maximum,  the  governor 
arms  are  at  their  maximum,  the  angle  of  rotation  and  the 
blades  of  the  windwheel  are  so  far  thrown  out  around  their 
longitudinal  axis  by  the  gear  e  f  that  the  opening  of  the 
smokestack  is  entirely  closed.  This  cuts  out  the  draft  and 
causes  the  arms  of  the  governor  to  sink  down  which  again 
causes  the  blades  of  the  windwheel  to  open  fanwise.  In 
order  to  adjust  the  governor  to  a  certain  draft  capacity  from 
the  outside  an  endless  valve  rope  h  is  provided,  starting 
from  the  furnace  and  going  over  the  rollers  g  to  the  gov- 
ernor. This  rope  is  provided  with  a  guide  piece  i  with  the 
slot  s  in  which  moves  the  axis  of  the  roller  k  with  the  weight 
hanging  on  to  it.  The  roller  runs  along  the  lever  m  sup- 
ported on  bearings  I  and  connected  on  to  the  governor  sleeve. 
By  pulling  on  the  rope  h  in  either  direction,  the  weight  is 
disposed  of  so  as  to  bear  on  the  lever  m  and  the  governor 
may  be  brought  into  any  desired  position  of  adjustment. 

Firing  of  Coal  and  Anthracite,  and  Utilization  of 
Their  Heat  in  the  Boiler  Room  (Verhrennung  von  Stein- 


FiG.  2     Idelson  and  Pawlowski  Grates  for  Anthracite  Coal 

kohlen  und  Anthrazit  und  Verwertung  ihrer  Wdrme  im  Kes- 
selhause,  Professor  Kirsch,  Feuerungstechmk,  vol.  2,  no.  18, 
p.  .308,  June  15,  1914  (and  following),  de).  The  article 
describes  the  properties  of  Russian  anthracite  coals  and  the 
various  methods  of  utilization  of  their  heat  in  the  boiler 
rooms.  It  goes  into  considerable  detail  as  regards  the  con- 
struction of  grates  used  with  anthracite  fuel  and  describes 
the  Kudlitz,  Meldrum,  Wilton  and  other  types.  The  follow- 
ing are  the  constructions  developed  especially  in  Russia;  the 
Idelson  grate  (Fig.  2A).  Contrary  to  the  Wilton  grate,  it 
has  a  level  surface  which,  in  order  to  make  the  installation 
ea,sier,  is  so  built  that  it  can  be  removed.  The  construction, 
however,  is  more  complicated  and  permits  the  flow  of  air  to 
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easily  cool  the  fire  owiug  to  lack  of  metallic  contact  be- 
tween air  and  the  grate  bodies.  A  simpler  and  more  dura- 
ble construction  is  that  proposed  by  Pawlowsky,  shown  in 
Fig.  B.  The  single  members  are  considerably  wider  than 
cither  in  the  Wilton  or  Idelson  grate  (about  8  in).  The 
grate  is  also  level  and  the  openings  are  in  the  form  of  slots. 
The  single  members  are  set  on  top  of  the  connecting  bolts, 
just  as  is  in  the  more  recent  designs  of  the  Wilton  grate. 

Tests  made  by  the  author  have  shown  that  an  uninter- 
rupted delivery  of  coal  does  not  produce  any  improvement 
in  the  combustion  process,  but  he  still  finds  it  preferable  to 
use  meclianical  stoking  where  large  amounts  of  anthracite 
are  burned  per  imit  of  time  as  it  produces  a  decrease  in  the 
manual   labor  which  must   not   be  left   out   of  consideration. 


To  Hand 

Steenng 


25,  p.  1043,  June  18,  1914,  4  pp.,  13  figs.  de).  In  order 
to  reduce  the  resistance  occurring  in  the  admission  of  the 
pressure  water,  as  well  as  the  concomitant  fall  of  pressure, 
the  J.  Banning  Company  of  Hamm  in  Germany  has  designed 
the  special  valve  shown  in  Fig.  3A.  One  can  see  at  once  the 
advantageous  path  of  water  on  account  of  the  inclined  posi- 
tion of  the  valve  and  because  of  the  fact  that  the  valve  opens 
directly  into  the  large  water  space  of  the  pressure  cylinder. 
The  valves  are  also  easily  accessible;  a  A-alve  like  that  shown 
in  Fig.  A  has  been  used  on  forging  presses  with  capacities 
up  to  1000  tons  (metric,  equal  to  1100  short  tons). 

A  clear  conception  of  the  internal  relations  in  a  hydraulic 
liress  during  the  no-load  stroke  can  be  obtained  by  means  of 
indicator  diagrams.  Figs.  B  to  D  show  the  indicator  dia- 
grams taken  during  the  downward  stroke  of  the  plunger  of 
a  high-speed  hydraulic  forging  press,  used  on  the  Italian 
State  Railways.  The  water  end  pressure  in  the  tank,  at  the 
time  the  diagram  B  was  taken,  was  0.9  atmospheres  gage. 
The  time  which  the  plunger  required  for  the  no-load  stroke 
of  0.53  m  (1.69  ft)  was  1.0  sec,  measured  by  a  stop-watch, 
this  making  the  a\erage  downward  velocity  of  the  press 
plunger  0.53  m   (1.69  ft.)   per  sec.     On  account  of  the  hy- 
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Fig.  3     High  Speed   Hvdraulic  Forging  Press  Vai.\-e  and  Indicator   Diagrams 


All  the  above  described  grates  can  be  easily  provided  with 
such  a  mechanical  stoking,  which,  with  anthracite  firing  spe- 
cially, has  a  further  advantage  that  it  does  not  jiermit  very 
large  lumps  of  coal  to  fall  on  the  grate,  the  use  of  small 
pieces  improving  the  process  of  combustion  in  all  the  above 
grates.  These  were  provided  with  very  simple  steam  jet  ap- 
paratus, consisting  of  an  air  nozzle  with  a  steam  nozzle  built 
in.  Regulation  of  such  an  apparatus  is  easily  effected  by 
varying  the  steam  pressure  by  means  of  a  throttle  valve.  It 
is  advisable  to  provide  this  kind  of  apparatus  with  a  mano- 
meter so  as  to  lighten  the  work  of  the  fireman  and  to  show 
that  he  does  not  spend  too  much  steam  on  the  l)l;Tst.  It  is 
also  advisable  to  have  some  simple  pressure  measuring  de- 
vice connected  at  one  end  with  the  ash-pan  and  the  other 
with  the  fii-e-room.  This  simple  and  cheap  apparatus  will 
permit  one  to  get  an  idea  of  the  uniformity  of  the  fuel  bed, 
the  degree  of  cleanliness  of  the  grate  and  the  stresses  occur- 
ring in  the  latter  (the  original  article  is  not  finished). 

Hydraulics 

Ox  Water  Admission  Steering  Gear  for  High  Speed 
Forging  Presses  and  their  Investigation  by  means  of 
No  Load  Diagrams  {Vber  Vorfi'dhtruerungen  fiir  Schnell- 
schmiedepressen  und  ihre  VntersHchiinr/  durch  Pressenleer- 
laufdiagramme,  Adolf  Kreuser.  Stcdd  und  Eiseti,  vol.  .34,  no. 


draulic  pressure,  the  plunger  was  receiving  throughout  its 
path  an  additional  acceleration.  Previous  to  taking  dia- 
gram C,  the  water  pressure  in  the  tank  was  reduced  by  blow- 
ing off  part  of  the  compressed  air  and  as  diagram  C  shows, 
the  water  pressure  was  producing  an  acceleration  on  the 
plunger  during  its  nearly  entire  no-load  stroke.  The  hy- 
draulic end  pressure  in  the  press  cylinder  was  just  equal  to 
atmospheric  pressure  so  that  shortly  before  the  end  of  the 
stroke,  the  water  did  not  affect  the  motion  of  the  plunger 
any  more.  Previous  to  taking  diagram  D,  the  water  pres- 
sure in  the  tank  was  still  further  reduced,  and  the  hydraulic 
pressure  produced  an  acceleration  of  the  plunger  motion 
only  at  the  beginning;  after  the  plunger  had  traveled 
through  part  of  its  stroke,  the  water  pressure  in  the  cylinder 
fell  below  the  atmospheric,  and  the  plunger  carried  the  water 
with  it  by  suction,  just  as  in  a  suction  pump.  Here  also, 
however,  the  process  in  the  press  cylinder  occurred  without 
shocks,  as  the  water  column  was  not  broken,  and  the  cylin- 
der was  full  of  water  at  all  positions  of  the  plunger.  The 
average  downward  velocity  of  the  press  ]ilunger  was  in  this 
ease  0.44  m  (1.44  ft.)  per  sec. 

The  diagrams  E,  F,  and  G  have  been  taken  from  a  steam 
hydraulic  high  speed  forging  press,  used  in  the  central  shops 
of  the  Royal  Railroads  at  Meiningen.  At  the  same  time 
when  these  diagrams  were  taken,  special  indicators  were  used 
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to  indicate  the  various  spaces  iiiliueiiced  by  the  no-load 
stroke,  namely,  in  Fig.  E,  the  press  cylinders,  in  Fig.  F, 
the  upper  steam  return  space  and  in  Fig.  G,  the  lower  steam 
return  space.  The  diagrams  indicate  the  increase  and  de- 
crease of  forces  during  the  no-load  run.  produced  by  causing 
siiorter  or  longer  strokes  to  follow  one  another.  Of  partic- 
ular interest  in  this  case,  is  the  variation  of  steam  pressure 
in  the  lower  steam  space.  The  steam  consum])tion  for  tlie 
no-load  stroke  in  the  present  case  is  very  small  because  the 
live  steam  admitted  to  the  lower  steam  space  during  the 
working  stroke  has  in  every  instance  found  non-consumed 
steam  of  about  the  same  pressure  still  there.  P^igs.  H  and 
K  show  no-load  stroke  diagrams  for  the  upward  and  down- 
ward strokes  of  the  press  plunger  of  a  steam-hydraulic  high 
speed  forging  press  when  the  most  rapid  reversal  by  hand 
opei"ated  lever  was  used.  The  press  is  of  the  same  construc- 
tion as  that  to  which  refer  the  diagrams  E,  F  and  G.  The 
author  discusses  further  the  frietional  resistances  in  the  press 
plunger  action.  In  addition  to  the  forces  shown  by  these 
indicator  diagrams,  the  press  plunger  has  to  overcome  also 
frietional  resistance,  which  can  in  the  case  of  a  slow  motion 
of  a  plunger  be  analytically  determined  from  the  indicator 
diagrams.  The  author  shows  how  this  resistance  can  be  ob- 
tained from  the  diagram  H.  The  frietional  resistance  has  a 
certain  importance  on  the  motion  of  the  plunger  and  there- 
fore must  be  reduced  as  much  as  possible. 

The  Tukbine  Plaxt  of  the  GCxther  axd  Richter  Paper 
Manufacture  in  Wern.suokf  (Sasoxy)  Built  bv  Escher. 
Wyss  and  Co.  of  Ravensburg  {Die  Turhinenanlage  dcr 
Papierfabrik  von  Giinther  and  Richter  in  Wenisdorf  (Sach- 
sen),  erbaut  von  Escher,  Wyss  &  Cie.  in  Ravensburg,  Fr. 
Freytag.  Zeits.  des  Vereines  deutschcr  Ingenieure,  vol.  58, 
no.  26,  p.  1033,  June  27,  1914  (and  following),  d).  The 
article  describes  the  turbine  plant  of  the  paper  mill  of 
Gunther  &  Richter  in  Weinsdorf  (Germany).  The  new  in- 
stallation of  the  water  turbines  was  put  in  in  1912,  when  sev- 
eral plants,  formerly  separate,  were  united  in  order  to  make 
their  operation  more  efficient  and  economical.  There  was 
foi-merly  a  set  consisting  of  one  Girard  turbine  and  one 
Francis  turbine  with  vertical  shafts  which  with  a  5  m.  head 
(16.4  ft.)  could  deliver  at  most  200  h.p.  The  new  installa- 
tion is  calculated  to  deliver  up  to  1500  h.p.  The  installation 
was  especially  ditficult  to  design  owing  to  the  water-power 
lilant  and  mill  where  the  power  is  used  being  pretty  well 
apart  and  through  the  fact  that  while  twin  turbines  with 
horizontal  shafts  had  to  be  selected,  a  variable  vi-ater  level 
required  the  division  of  the  power  plant  into  three  groups. 
It  was  therefore  decided  to  put  up  the  turbines  with  a  high 
suction  upper  water  level  (Escher,  Wyss  and  Co.  system) 
and  to  connect  them  direct  onto  the  shaft  of  the  polishing 
]dant.  The  middle  line  of  the  shaft  lies  440  mm  (17.3  in.) 
al)ove  the  normal  upiier  water  level.  The  runners  have  an  en- 
tering diameter  of  only  (iOO  mm  (23.6  in.)  and  the  lower  edge 
of  the  runner  is  at  least  140  mm  (5.5  in.)  over  the  upper 
level  of  the  water.  The  turbines  (three  Francis  twin  tyjie) 
of  equal  dimensions  arc  directly  connected  to  two  horizontal 
shafts.  Their  runners  have  a  speed  of  237  r.p.m.  They  all 
have  rotatable  blades  with  automatic  regulation  and  hand 
regulation.  The  water  comes  onto  the  distributors  from  be- 
low and  each  turbine  is  covered  over  by  a  cast  iron  hori- 
zontally divided  arc-shaped  cover  whereby  a  reliable  air- 
tight  water  chamber  and   convenient   flow   of  water   is   ob- 


tained. In  the  ease  of  material  repairs,  these  covers  may 
be  easily  lifted  olT,  in  which  case  the  entire  turbine  is  fully 
accessible  from  the  machine  shop. 

Internal-Combustion  Engines 

Tests  of  a  15  II. P.  MAX  Diesel  Engine  {Untersuchnn- 
(jen  an  einem  15  pferdigen  MAX-Dieselmotor,  F.  Miinzinger, 
Zeits.  des  Vereines  deutscher  Ingenieure,  vol.  58,  no.  26,  p. 
1049,  .June  27,  1914,  7\'o  pp.,  24  figs.  e).  The  article  de- 
scribes tests  on  a  vertical  Diesel  engine  built  by  the  Augs- 
burg-Niirnberg  Works  (the  tests  were  performed  in  the  me- 
chanical laboratory  of  tiie  Berlin  Technical  High  School). 
The  engine  was  rated  at  15  h.p.,  has  a  working  cylinder  215 
mm  (8.4  in.)  in  diameter  and  340  mm  (13.3  in.)  stroke  and 
i-ompressor  cylinder,  in  two  stages,  100  mm  (3.9  in.)  stroke 
running  at  from  230  to  240  r.p.m.  The  load  on  the  engine 
was  put  on  by  means  of  a  Prony  brake  of  special  construc- 
tion, while  the  diagTams  have  been  taken  by  a  Maihak  indi- 
cator of  convenient  design  and  properly  calibrated. 

One  of  the  questions  in  the  construction  of  gas  engines 
which  cannot  be  as  yet  considered  to  have  been  cleared  up 
is  whether  the  friction  work  of  an  engine  increases  or  de- 
creases with  increasing  load;  that  is,  whether  the  supple- 
mentary friction  of  an  engine  is  positive,  constant  or  nega- 
tive. To  determine  this,  two  series  of  tests  with  variable 
load  and  variable  temperature  of  cooling  water  were  under- 
taken. Fig.  4A  indicates  clearly  the  great  influence  of  the 
temperature  of  cooling  water  on  the  amount  of  friction  work. 
If  two  parallel  lines  be  drawn  through  the  no-load  points  of 
the  two  tests  at  45  deg.  to  the  horizontal,  then  the  horizontal 
distance  between  these  two  eunes  and  the  curves  passed 
through  the  points  obtained  by  actual  tests,  will  indicate  the 
magnitude  of  tlie  additional  friction  in  botli  series  of  tests. 
The  additional  friction  decreases  with  tlie  increase  of  load. 
In  order,  however,  to  establish  whether  the  decrease  of  the 
additional  friction  witli  the  increase  of  load  is  peculiar  only 
to  the  engine  tested  or  common  to  all  Diesel  engines,  the 
author  calculated  results  for  other  sizes  upon  which  data  are 
available.  His  curves  show  that  when  the  load  on  an  en- 
gine increases,  there  sometimes  occurs  an  increase  and  at 
other  times  a  decrease  in  the  work  of  friction,  but  a  cer- 
tain law  can  be  seen  to  cover  this  variation  when  the  size 
of  the  engine  is  taken  into  consideration,  since  it  appears 
that  witli  an  increase  of  load  the  small  engines  show  a  de- 
crease of  additional  friction  while  the  large  engines  show  an 
increase.  The  main  reason  why  the  additional  friction  would 
decrease  with  increasing  load  is  to  be  looked  for  in  the  de- 
crease of  piston  friction.  The  plunger  piston  of  a  Diesel  en- 
gine is  usually  turned  in  such  a  manner  that  its  lower  end 
directed  towards  the  external  atmosphere  has  a  slighter  angle 
of  incline  than  the  upper  end.  When  the  load  increases  the 
temperature  of  the  wall,  along  which  the  cylinder  runs,  in- 
creases also  and  as  a  result  the  cylinder  expands  more  than 
the  piston  and  this  permits  an  increase  of  play  between  the 
piston  and  cylinder.  Of  course  tlie  diameter  of  the  piston 
increases  also  under  these  conditions,  but  since  the  piston 
in  the  part  directed  towards  the  combustion  space  is  nar- 
rower than  the  cylinder  bore,  even  at  a  maximum  load,  no 
jamming  between  the  piston  and  guide  can  occur;  the  expan- 
sion of  the  lower  part  of  the  piston  will  always  be  less  than 
that  of  the  surfaces  of  the  cylinder.  In  addition  to  the  fa- 
vorable action  of  the  increase  of  piston  play  on  the  reduc- 
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tion  of  friction,  the  increased  lubricating  effect  of  the  lubri- 
cating oil,  clue  to  the  higher  temperature  of  the  cylinder 
walls,  also  acts  towards  reducing  friction.  This  explanation 
of  the  decrease  of  additional  friction  with  increase  of  load  is 
supported  by  the  great  influence  of  the  temperature  of  cool- 
ing water  on  friction  losses  shown  by  the  present  tests.  The 
rise  of  the  average  temperature  of  the  cooling  water  in  the 
jacket  of  the  cylinder  increases  the  play  between  piston  and 
cylinder  in  the  same  manner  as  the  increase  in  temperature 
of  the  cylinder  which  is  produced  by  an  increased  transmis- 
sion of  heat  from  the  gas  mixture  to  the  cooling  w-ater.  This 
does  not  yet  answer  the  question  why  in  larger  engines  the 
friction  increases  with  increase  of  load.  It  appears,  how- 
ever, that  from  a  certain  cylinder  diameter  on  different  con- 
ditions come  into  play,  viz.,  the  variation  of  expansion  of 
piston  and  cylinder  play  smaller  parts  and  at  higher  load 
the  smaller  piston  friction  is  more  than  compensated  by  the 
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Limitations  of  C,'ase-II.\kuening  and  Diffusion  Through 
Solids  (hes  reserves  en  cementation  et  la  diffusion  dans  les 
solides,  L.  Guillet  and  Victor  Bernard.  Bulletin  de  la  So- 
ciete  d'Encouragemcnt  pour  I'industrie  nationale,  vol.  121, 
no.  5,  p.  588,  May  1914,  30  pp.,  32  figs.  pe).  Tlie  article 
discusses  methods  of  carburizing  by  which  certain  sections 
of  the  surface  can  be  left  untreated  and  also  takes  up  the 
subject  of  the  diffusion  of  metals  through  solids.  As  re- 
gards the  first,  the  author  calls  attention  to  the  usual  methods 
of  protecting  the  surface  of  case-hardened  articles  in  the 
parts  where  no  earburization  is  desired.  This  may  be  done 
by  either  of  three  methods,  that  is  (1)  covering  the  parts  to  be 
protected  by  some  refractory  material,  (2)  "piping,"  and 
(3)  case-hardening  the  entire  surface  and  then  cutting  off  a 
certain  thickness  on  the  parts  where  no  ease-hardenmg  is 
desired,  such  parts  having  previously  been  made  somewhat 
thicker  so  as  to  compensate  for  the  material  removed  in  the 
later  process.  The  method  which  appears  to  be  most  con- 
venient for  general  purposes  is  that  of  covering  the  parts  to 
be  protected  by  a  layer  of  some  metal  which  will  prevent 
earburization.  Such  a  metal  must  satisfy  the  following  con- 
ditions: (1)  It  must  be  solid  at  the  temperature  of  the  oper- 


40  60  80 

POSITION  OF  PISTON, PER  CENT 


Fig.  4     Tebts  of  a   15  h.  p.  Diksel  Engine,    (A)   Relation   Between   Friction   and   Load,    (B)  Temperatures  Occurring   in  the  Cylinder 


increase  of  friction  in  the  bearings,  etc.  The  present  tests 
do  not,  however,  give  a  complete  answer  as  to  this  fact. 

The  author  proceeds  to  establish,  largely  by  graphical 
methods,  the  "  heat  balance  "  of  the  engine.  He  finds  that 
the  indicated  theoretical  efficiency  of  the  Diesel  engine  proc- 
ess increases  with  the  decrease  of  load  owing  to  the  rise  of 
the  expansion  ratio.  The  thermal  elBcieney  of  the  theoreti- 
cal cycle  was  found  by  calculating  the  end  compression  pres- 
sure and  by  assuming  that  the  heat  was  brought  in  at  that 
particular  pressure.  Then  the  compression  and  expansion 
lines  were  plotted  by  assuming  for  the  temperatures  corre- 
sponding to  various  jiositions  of  the  jiiston,  the  values  cal- 
culated from  the  usual  formula  which  takes  into  account  the 
variation  for  the  exponent  for  various  temperatures. 

It  is  particularly  important  to  know  how  the  temperature 
varies  during  combustion  and  expansion  and  what  the  max- 
imum temperatures  obtained  in  the  engine  are.  While  this 
latter  could  not  be  calculated  with  absolute  certainty,  the 
possible  errors  are  so  small  that  the  data  can  be  fully  used 
for  all  iiraetical  purposes.  Fig.  B  shows  that  the  maximum 
temperature  in  the  engine  does  not  exceed  151)0  to  1550  deg. 
cent.  (2732  to  2822  deg.  fahr.)  and  that  the  highest  tempera- 
tures occur  not  at  the  highest  load  on  the  engine,  but  at  an 
average  indicated  pressure  of  about  7.4  atmospheres.  From 
there,  the  upper  part  of  the  tem])erature  curve  becomes  gen- 
erally flatter  and  remains  in  the  neighborhood  of  1500  deg. 
cent.  (2732  deg.  fahr.). 


ation  as  otherwise  it  would  How  and  leave  the  surface  un- 
protected; (2)  it  must  not  allow  the  passage  of  the  sub- 
stances which  jiroduce  earburization,  and  (3)  it  must  be 
easy  to  apply  under  shop  conditions  and,  after  earburiza- 
tion, if  necessary,  must  be  easy  to  remove.  So  far  there  are 
two  metals  which  can  be  generally  considered,  copper  and 
nickel,  but  the  author  has  made  some  experiments  with  tin 
which  apiiears  to  be  also  applicable  in  this  connection  not- 
withstanding its  low  melting  point.  There  are  several  meth- 
ods of  laying  copper  over  iron.  The  immersion  of  the  article 
into  a  solution  of  copper  salts  or  the  painting  of  the  parts 
of  the  surface  by  such  a  solution  appears  to  be  at  first  sight 
very  attractive  on  account  of  its  simplicity,  but  no  good  re- 
sults could  be  obtained  in  this  way  partly  owing  to  the  very 
slight  thickness  of  the  metal  layer  and  partly  because  of 
its  irregular  structure  and  lack  of  unity  and  adherence.  A 
far  more  reliable  method  is  electrolysis.  The  authors  tried 
to  determine  the  minimum  thickness  necessary  and  sufficient 
for  an  absolute  protection  of  iron  against  earburization 
under  conditions  prevailing  in  the  case-hardening  process, 
these  conditions  being  established  by  the  thickness  of  the 
carburized  layer  obtained  in  the  parts  not  protected  by  cop- 
per. These  results  will  be  reported  below.  The  third  method 
of  coppering  an  iron  surface  was  by  the  Schoop  process 
of  metalization  which  as  compared  with  the  electrolytic  de- 
posit gives  an  irregular  grain-like  layer  and  unlike  tlie  other 
does   not   admit   of   a   sufficiently   precise   measurement   of 
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TABLE    1      RELATION    BETWEEN    THICKNESS    OF    PROTECTING 
LAYER  OF  COPPER,  AND  AMOUNT  OF  PROTECTION  AFFORDED 


Thickness  of 

Thickness  of 

Temperature  of 

Carbonization  in 

the    Protecting 

Carbonization  of 

Caae-Hardening, 

Not  Protected 

Layer  of  Copper 

Protected  Parts 

Deg.  Cent. 

Parts,  mm. 

(1/100  of  mm.) 

1000 

1.0  to  1.1 

1  to  2 

slight 

1000 

1.0  to  1.1 

2  to  3 

absolutely  none 

1000 

1.8  to  1 

1  to  2 

considerable 

1000 

1.8  to  2 

3  to  4 

absolutely  none 

850 

10  to  1.1 

1   to  2 

absolutelj'  none 

I linkness.  On  the  other  hand,  however,  the  metalization 
process  permits  obtaining  with  great  rapidity  a  fairly  thick 
layer  and  therefore  does  not  essentially  require  a  knowledge 
of  the  minimum  sufflcient  thickness  of  layer.     In  the  case 


Fig.  5     Micrograph  of  a  Piece  Partly  Protected  in  Case-Hardening  bt 
A  Later  of  Tin 

of  electrolytic  deposition  of  copi)er,  the  measurement  has 
been  effected  in  1-lOOths  of  a  mm.  The  electrolysis  was 
obtained  in  a  cyanide  bath  and  the  carburization  made  from 
a  mixture  of  60  parts  by  weight  of  charcoal  and  40  parts  of 
barium  carbonate.  Results  obtained  are  shown  in  Table  1, 
which  indicates  that  the  thickness  of  the  deposit  necessary 
for  the  protection  of  the  iron  against  case-hardening  is  a 
function  of  the  temperature  and  duration  of  the  carburiza- 
tion process. 

The  nickeling  of  iron  can  so  far  be  done  only  by  elec- 
trolysis as  pulverization  methods  have  not  yet  been  applied 
to  this  metal.  Tests  similar  to  those  on  copper  have  been 
made  also  for  nickel  deposited  from  a  double  electrolyte  of 
sulphate  of  nickel  and  ammonium.  It  appears,  however, 
that  contrary  to  the  case  of  copper,  nickel  is  not  a  good 
protective  agent  and  only  delays  the  carburization  to  a  cer- 
tain extent,  which  shows  that  it  is  permeable  to  carbon 
monoxide. 

Tests  have  been  also  made  with  protecting  iron  by  a  layer 
of  tin  which  is  of  interest  on  account  of  the  great  sim- 
plicity of  the  application  of  this  metal,  and  it  appears  that 
notwithstanding  its  low  melting  point  it  gives  very  good 
protection.  Its  use  is,  however,  limited  to  plain  surfaces 
which  can  be  maintained  horizontally  during  the  carburiza- 
tion. Otlierwise,  it  gives  a  very  regular  protection  or  none 
at  all.  In  addition  the  edge  of  the  piece  appears  to  be 
strongly  altered  (Fig.  5).  The  above  shows  that  practi- 
cally copper  alone  gives  the  solution  of  the  problem  of  pro- 
tecting iron  against  case-hardening  by  means  of  a  metallic 
deposit.  As  regards  the  best  method  of  applying  this  de- 
posit, the  Sehoop  process  is  extremely  simple,  but  unless  it 


is  used  in  the  same  shop  for  other  purposes,  may  prove  too 
costly  on  account  of  tlie  large  cost  of  installation  and  roy- 
alties paid.  The  electrolytic  process  is  cheap  to  install, 
practically  automatic  in  operation,  consumes  verj'  little  cop- 
per, but  is  inferior  to  the  Sehoop  process  from  the  point 
of  view  of  localization  of  deposits.  The  second  part  of  the 
article  is  de\()ted  to  discussion  of  the  diffusion  of  metals 
tiirough  solids. 

Furnaces  for  Heat  TREAXiiENT  of  Metals  Kunming  on 
Producbb  Gas  Enriched  by  Heavy  Oil  {Fours  pour  le 
traitemetit  thermiqne  des  metaux,  chauffes  au  gaz  de  gaso- 
gene  enrichi  a  I'huile  lourde,  A,  Grebel,  Le  Genie  Civil,  vol. 
65,  no.  7  and  8,  pp.  136  and  160,  June  13  and  20,  1914,  5  pp., 
9  figs.  dge).  The  article  describes  in  detail  the  use  of  pro- 
ducer gas  enriched  by  tar-oil  for  heat  treatment  of  metals 
and  in  particular  the  furnace  and  methods  used  by  the 
French  concern,  "Air  et  Feu"  (Air  and  Fire).  The  Air 
and  Fire  system  furnace  shown  in  Fig.  6A  and  B  comprises 
as  its  essential  j)arts,  gas  producer  A,  carburetor  B,  the  com- 
bustion chamber  C  and  heat  recuperator  D.  When  the  op- 
erations are  such  that  the  doors  have  to  be  frequently  opened 
as,  for  example,  in  forging,  stamping  and  tempering,  the 
combustion  chamber  is  placed  on  an  elevation  so  as  to  cre- 
ate a  slight  pressure  of  the  gases  in  combustion.  In  the 
furnaces  designed  for  long  operations  with  the  doors  closed 
air  tight,  the  design  shown  in  Fig.  C  to  E,  with  all  parts 
very  nearly  in  one  plane,  is  preferable.  Fig.  F  shows  how 
the  oil  is  brought  to  the  carburetor  B  and  how  it  is  used  for 
igniting  the  producer  gas  in  the  mixing  chamber  every  time 
such  an  ignition  is  desired.  The  blast  used  permits  obtain- 
ing intensive  gasification  as  well  as  short  and  constantly  hot 
flame,  but  on  the  other  hand  does  not  permit  obtaining  reg- 
ular and  uniform  temperatures  in  an  enclosed  space,  and  as 
a  consequence  it  does  not  guarantee  in  any  way  a  uniformity 
in  the  combustion  of  the  flue  gases  and  their  content  of  free 
oxygen  as  required  in  many  heat  treatments  of  metals. 
When  the  blast  is  used,  therefore,  either  a  complicated  sys- 
tem of  blowing  or  the  most  strict  supervision  of  the  regula- 
tion of  combustion  or  both  have  to  be  maintained.  To  ob- 
viate this  difticulty,  the  author,  under  whose  patents  the  Air 
and  Fire  system  furnaces  have  been  designed,  has  under- 
taken to  have  !iis  furnaces  work  at  low  drafts;  for  furnaces 
of  average  commercial  size  and  larger,  it  appeared  rational 
to  adopt  the  independent  type  of  gas  producers,  built  in  one 
unit  with  the  combustion  chamber  and  heat  recuperator  so 
as  to  reduce  radiation  losses  and  utilize  to  the  maximum  ex- 
tent the  latent  heat  of  gases  coming  from  the  producer.  To 
build  and  operate  special  producers  for  rich  gases  from  fuel 
containing  large  amounts  of  volatile  matter  is*  expensive, 
while  coke  gas  producers  with  a  slow  rate  of  production  and 
simple  grates  are  very  easy  to  build  and  operate.  Gas  coke 
which  is  light  and  brittle,  is  not  used  for  metallurgical  pur- 
poses or  for  small  furnaces  with  direct  flame  when  it  is  de- 
sired to  obtain  a  high  temperature.  It  is,  however,  quite  con- 
venient for  use  in  gas  producers  with  low  draft  and,  on  ac- 
count of  its  low  price,  very  desirable  for  use  in  heat  treating 
furnaces,  if  it  can  be  used  conveniently,  which  as  the  author 
claims,  can  be  done  in  the  furnace  described  in  the  present 
article.  The  quantity  of  water  introduced  into  the  producer 
is  controlled  by  means  of  regulator  a  of  a  construction  anal- 
ogous to  that  of  the  oil  regulator  h,  shown  in  Fig.  E,  and 
the  construction  of  which  will  be  explained  in  more  detail 
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below.  This  is  done  because  tlie  amount  of  water  admitted 
to  the  producer  has  to  vary  in  accordance  with  the  rate  of 
output  of  the  latter.  In  order  not  to  cool  the  producer  fur- 
nace too  mucli  while  it  runs  at  low  rate  of  output,  the  amount 
of  water  admitted  must  be  then  extremely  small,  while,  when 
large  producers  are  working  at  fuU  rate,  up  to  one  lb.  of 
water  per  lb.  of  coke  can  be  admitted. 

This  statement  of  the  author  is  of  importance  because  of 
the  opinion  expressed  by  certain  designers  of  producer  fur- 
naces who,  without  denying  that  the  amount  of  hydrogen  hi 
the  producer  is  of  advantage  from  the  point  of  view  of  the 
amounts  of  heat  utilized  in  the  combustion  chamber,  state 
that  the  products  of  combustion  must  not  affect  the  articles 
submitted  to  the  heat  treatment,  and  that  if  the  combustion 
has  been  perfect  and  correct,  without  an  excess  of  air,  they 
must  in  addition  to  nitrogen  contain  only  carbon  dioxide  and 
steam>5  that  further,  the  latter  tends  to  decompose  when  in 
contact  with  hot  metal  and  to  oxidize  it.     From  these  correct 


deg.  fahr.  (2642  deg.  cent.)  may  be  considered  as  an  abso- 
lute maximum  even  in  small  furnaces. 

In  order  to  obtain  higher  temperatures  one  must  have 
recourse  to  the  use  of  richer  fuels,  preferably  fuels  com- 
paratively poor  in  hydrogen.  Neither  acetylene  nor  gaso- 
line vapor  nor  even  coal  gas  can  be  considered  in  this  con- 
nection owing  to  their  high  prices  and  only  less  refined  prod- 
ucts such  as  heavy  tar-oils  (which  have  already  been  suc- 
cessfully used  in  special  furnaces)  can  be  considered  for  this 
purpose  at  a  comparatively  low  price.  They  have  an  a\'er- 
age  heat  value:  upper  limit  9450  eal.  (17010  B.t.u.  per  lb.), 
and  lower  limit  9050  cal.  (16290  B.t.u.  per  lb.).  Notwith- 
standing the  great  difference  in  the  initial  price  of  1000  heat 
units  as  gas  coke  or  heavy  oil,  the  heavy  oil  furnaces  could 
stand  comparison  with  the  coke  producer  gas  furnaces  for 
small  units  intermittently  used  when  developing  a  high  tem- 
perature. 

Whereas  in  certain  kuids  of  burners  provided  with  a  pro- 
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premises,  they  make  a  wrong  conclusion,  namely,  that  the 
amount  of  water  admitted  into  the  producer  must  be  reduced 
to  as  low  a  limit  as  possible.  What  may  be  called  neutral 
combustion,  that  is,  one  producing  neither  carburation  nor 
oxidation,  varies  with  the  circumstances.  In  tlie  case  of 
autogenous  welding  where  the  temperature  of  the  flame  is 
in  excess  of  2000  deg.  cent.  (3632  deg.  fahr.)  and  the  prod- 
ucts of  combustion  are  not  diluted  by  nitrogen,  the  carbura- 
tion is  sometimes  to  be  expected  while  oxidation  is  practi- 
cally imminent,  and  is  all  the  more  to  be  feared  as  it  com- 
promises the  results  of  the  operation.  But  it  is  easy  to  es- 
tablish by  calculation  and  verify  by  direct  tests  that  in  the 
products  of  a  perfect  combustion  of  a  mixed-coke-gas  con- 
taining, for  example,  13  per  cent  of  hydrogen  and  only  22 
per  cent  of  carbon  monoxide,  the  steam  contents  do  not  ex- 
ceed 9  per  cent,  so  that,  at  the  usual  low  temperatures  below 
1500  deg.  cent.  (2732  deg.  fahr.),  such  as  occur  in  fui-naces 
under  consideration  in  the  present  case,  there  is  much  less 
danger  of  oxidation  when  mixed-coke-gas  is  used  than  when 
water  gas  or  especially  coal  gas  is  used,  and,  further,  the 
system  of  regulation  used  in  the  present  furnace  makes  it 
possible  to  admit  as  little  water  as  desired;  on  the  other 
band,  even  when  a  liter  of  water  is  admitted  per  kg.  of  coke, 
all  the  water  is  certainly  vaporized  before  it  reaches  the  grate 
through  the  intense  radiation  directed  towards  the  stationary 
trough  which  is  located  within  the  door  and  where  the  water 
arrives  first.  With  mixed  coke  producer  gas  having  a  hydro- 
gen content  of  approximately  12  to  15  per  cent  escaping  hot 
from  the  producer  and  burned  with  not-blown  secondary  air, 
heated  previously  by  the  flue  gases,  the  temperature  of  1450 


dueer  or  "  boiler,"  the  oil  is  simply  gasified,  in  the  present 
design  the  carbureter  B,  Figs.  C  and  F,  has  been  placed  in 
the  region  of  the  gas  flue  where  the  temperature  of  the  oil 
does  not  exceed  360  deg.  cent.  (680  deg.  fahr.).  In  this  way, 
the  total  vaporization  of  the  oil  may  be  secured  and  at  the 
same  time  "  cracking  "  is  avoided.  The  temperature  of  the 
gas  coming  out  from  the  producer  has  been  somewhat  re- 
duced in  order  to  have  in  the  combustion  chamber  a  gas  free 
from  dust :  still,  the  temperature  is  too  high  to  let  the  gas 
flow  over  the  surface  of  the  oil.  The  current  of  the  gas  car- 
ries, however,  vapors  as  they  are  formed.  The  surface  of 
vaporization  in  the  boiler  B  has  a  liorizontal  section,  decreas- 
ing with  consumption  of  the  oil.  The  oil  vapors,  not  pre- 
viously denatured  by  heat,  become  diluted  in  the  mixed  gas 
of  the  producer,  and  thereby  particularly  susceptible  to  enter 
into  an  intimate  mixture  with  the  air  of  combustion.  In  this 
way.  the  gas  is  made  richer  without  there  occurring  a  trans- 
formation of  the  carburizing  material,  contrary  to  what  hap- 
pens in  the  ease  of  gas  producers,  where  tar  or  heavy  oils  are 
injected  over  the  coke  bed  or  incandescent  refractory  ma- 
terials. 

Combustion  Chamber.  Although  the  diffusion  of  the  very 
heavy  vapors  of  the  coal-tar  oil  through  poor  gas  facilitates 
their  complete  combustion,  the  cjuestion  of  the  quality 
of  the  flame  still  remains  very  delicate.  The  burners  have 
been  designed  in  such  a  manner  as  not  to  create  any  local- 
ized combustion  and  exaggerate  the  parallelism  of  the  cur- 
rents of  gas  and  air.  It  was  found  that  contrary  to  what  has 
been  stated  in  certain  books  of  theory,  it  is  not  necessary,  in 
order  to  obtain  a  uniform  temperature,  to  extend  the  length 
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of  the  flame  so  that  "  the  combustion  shoukl  occur  outside  of 
the  furnace."  If  this  is  done,  the  best  temperature  of  the 
flame  is  lowered  owing  to  the  retardation  of  the  combustion 
and,  in  addition,  reducing  and  oxidizing  streamlets  of  gas 
and  air  are  created,  producing  an  undesirable  influence  on 
the  heat  treatment  process.  When  the  thermal  potential  of 
tlie  gases  of  combustion  is  sufficiently  above  the  temperature 
at  which  the  heat  is  utilized,  the  exchange  of  heat  is  more 
rapid  and  the  heating  of  the  heat-treated  pieces  can  be  car- 
ried on  with  a  (]uiet  flame ;  the  caloric  efficiency  is  better  than 
in  the  case  when  the  velocity  of  circulation  of  the  Hames  is 
intensified,  and  further,  the  heating  atmosphere  is  more  ho- 
mogeneous. In  heat  treating  furnaces,  it  is  therefore  im- 
portant to  select  in  a  jndicious  manner  the  length  of  the 
flames,  disposition  of  the  burners  and  tlie  outlets  for  the 
flames.    As  regards  the  recuperation  of  the  heat,  only  a  sim- 
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pie  recuperation  in  the  secondary  air  of  combnstion  has  been 
utilized. 

The  recuperation  on  the  primary  air  which  theoretically 
would  be  of  peculiar  interest  for  furnaces  operating  at  a  nor- 
mal temperature  in  excess  of  1500  deg.  cent.  (2732  deg. 
fahr. )  leads  to  complications  and  to  losses  in  recuperators, 
larger  than  the  saving  due  to  the  large  losses  of  recupera- 
tors by  radiation,  besides  making  the  conservation  of  the 
producer  grates  difficult,  and  the  regulation  and  maintenance 
of  operation  of  the  furnace,  more  delicate.  It  is  hardly  pos- 
sible to  recuperate  any  heat  from  the  gas  wliieh  comes  out 
hot  from  the  producer  and  is  scarcely  cooled  at  all  in  the 
dust  cleaning  flue.  In  Fig.  A  and  D,  it  will  be  noticed  that 
the  recuperator  T)  is  considerably  larger  than  in  the  furnaces, 
the  surface  of  which  is  too  much  restricted.  Last  year  a 
number  of  tests  on  a  horizontal  type  of  furnace  of  the  above  ■ 
described  design  heated  by  coke  exclusively  or  coke  and 
heavy  oil  together,  were  made  by  J.  Conor,  a  gentleman  ap- 
])arently  connected  with  the  Air  and  Fire  concern.  In  order 
to  obtain  comparable  results,  the  combustion  chamber  of  the 
furnace  was  kept  closed  and  filled  with  refractory  materials, 
and  the  same  conditions  were  maintained  in  the  other  coke 
gas  or  oil  furnaces,  which  were  placed  in  parallel  with  the 
Air  and  Fire  Company's  unit. 

The  article  describes  in  detail  the  measurements  taken  and 
instruments  used  for  that  purpose.  Tlic  proportion  of  the 
heavy  oil  in  case  of  mixed-coml)ustion  varied  about  two 
liters  per  ten  kg.  of  coke  which  reiiresonted  the  ratio  of  ap- 
proximately 23.5  per  cent  of  the  total  numl)er  of  heat  units 


consumed.  The  curves  in  Fig.  G  represent  normal  tempera- 
tures as  a  function  of  the  number  of  calories  expended  dur- 
ing 24  hr.  (all  the  tests  were  reduced  to  a  24  hr.  unit).  This 
number  was  calculated  by  assuming  6400  cal.  per  kg.  (11,520 
H.t.u.  per  lb.)  as  the  upper  heat  value  of  coke  and  9900  cal. 
as  the  ujjper  heat  value  of  a  liter  of  oil  (density  1.06,  upper 
heat  value  per  kg.,  9425  =  16,965  B.t.u.  per  lb.).  It  may  be 
stated  that  at  from  900  to  1300  deg.  cent.  (1652  to  2372  deg. 
fahr.),  the  normal  temperatures  have  been  foimd  to  be  sub- 
stantially proportional  to  the  expense  in  calories  per  24  hr., 
whether  from  gasified  coke,  or  from  gasified  coke  and  vapor- 
ized oil.  From  1300  deg.  cent.  (2372  deg.  fahr.)  up,  the  nor- 
nuil  temperatures  with  poor  gas  from  coke  producers  only, 
increase  less  and  less  rapidly  and  tend  towards  an  asymp- 
tote at  about  1450  deg.  cent.  (2642  deg.  fahr.),  from  1300 
deg.  to  1475  deg.  cent.  (2372  to  2687  deg.  fahr.),  approxi- 
mately, when  mixed,  firing  is  used  with  100  kg.  of  coRe  per 
20  1.  of  oil  (76.4  per  cent  of  coke-calories,  and  23.6  per  cent 
of  oil-calories),  the  normal  temperatures  continued  to  rise 
in  proportion  to  the  expenditure  in  heat  units,  and  tend  rap- 
idly towards  an  absolute  maximum  which  may  be  estimated 
to  be  about  1650  deg.  cent.  (3002  deg.  fahr.).  To  exceed 
this  temperature,  the  carburation  of  the  oil  would  have  to 
be  forced,  and  it  alone  could  give  a  much  higher  tempera- 
ture under  similar  conditions  of  heat  recuperation  without 
"  cracking,"  all  other  conditions  being  equal.  It  appears, 
therefore,  that  in  a  given  furnace,  the  number  of  calories 
ciri'ulating  in  the  combustion  chamber  cannot  be  increased 
indefinitely  and  a  limit  is  laid  on  account  of  the  resistances 
opposing  the  movements  of  the  gas  and  combustible  vapors, 
air  of  combustion  and  flue  gases.  On  the  other  hand,  it  is 
not  wise  to  increase  the  proportion  of  the  oil  vapor  too  much 
in  the  mixed-gas,  especially  at  low  temperatures  with  small 
drafts,  since  owing  to  insufficient  dilution,  it  is  difficult  to 
bum  heavy  oil,  well.  That  was  the  reason  why  the  present 
tests  have  not  gone  behind  a  30  per  cent  ratio  of  oil-calories 
in  the  mixture. 

A  diagram  in  the  original  article  taken  from  tests 
gives  curves  for  four  rates  of  consumjition  per  hour 
arranged  in  such  a  manner  that,  in  pairs,  they  might 
be  comparable  with  one  another.  The  curves  of  the  rise  of 
temperature  in  the  combustion  chamber  are  given  as  func- 
tions of  time,  the  combustion  chamber  being  cooled  by  the 
opening  of  the  door  to  temperatures  of  500,  750  and  900  deg. 
cent.,  respectively  (932  to  1382  and  1652  deg.  fahr.).  When 
two  million  calories  per  day  are  consumed  in  the  furnace, 
the  passage  from  750  to  900  deg.  cent,  takes  about  IV2 
hr.  with  mixed  fuel  and  3  hr.  and  45  min.  when  poor  gas 
alone  is  used  for  heating.  With  a  consumption  of  three  mil- 
lion calories  per  day,  the  passage  from  900  deg.  to  1200  deg. 
cent,  requires,  with  mixed  heating,  1  hr.  and  30  min.,  and 
with  poor  gas  alone,  3  hr.  and  15  min.  While  the  time  nec- 
essary to  re-establish  the  normal  temperature  is  not  entirely 
lost  as  far  as  the  operation  of  heat  treatment  is  concerned, 
it  is  easy  to  see,  when  such  operations  are  of  short  length  and 
have  to  be  frequently  renewed,  how  a  rai:)id  method  of  rais- 
ing the  temperature  affects  the  cost  of  manufacture  ex- 
pressed by  a  larger  consumption  of  heat  or  a  shortening  of 
the  time  of  ojieration. 

Investigation  of  the  General  Properties  of  Tool 
Steels  {Etude  siir  les  proprietes  generales  des  aciers  <} 
outils,  M.  Denis.  Revue  de  mctallurgie,  vol.  11,  no.  6,  p. 
569,  June  1914,  100  pp.,  43  figs.     ecA).     The  article  pre- 
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seats  the  results  of  quite  an  extensive  investigation  on  the 
efficiency  and  output  of  tools  and  tool  steels.  It  is  divided 
into  three  parts :  First,  discussing  the  method  of  tests  and 
heat  treatment  of  various  kinds  of  tool  steels;  second,  the 
detailed  data  of  the  tests,  and  third,  conclusions  and  general 
results  derived  from  the  data  in  part  two.  The  third  part 
only  will  be  abstracted  here. 

The  tests  can  be  divided  into  two  main  classes,  cold  and 
hot  tests.  As  regards  the  first,  two  mam  i.ioints,  sensitive- 
ness to  tempering,  and  hardness  and  resilience  in  various 
types  of  treatment  have  been  considered.  The  results  of  all 
the  tests  are  combined  in  Table  2.  The  system  used  by  tiie 
author  is  to  give  a  mark  20  to  a  steel,  the  Brinell  hardness 
of  which  is  not  influenced  by  an  increase  of  50  deg.  cent.  (90 
deg.  fahr.)  in  the  temperature  of  temjiering.  This  mark  is 
decreased  by  as  many  units  as  the  decrease  in  the  hardness, 
for  an  increase  of  50  deg.  cent,  in  the  temperature  of  tem- 


TABLE   2     CL.\SSIFICATION  OF  VARIOUS  KINDS  OF  TOOL  STEEL 
IN  ACCORDANCE  WITH  DATA  OF  TESTS  OF  COLD  WORKING 


Kind  of  Steel 

Sensibility  to 
Tempering 

Sensibility  to 
Successive 
Temperings 

Average  Mark 

for  the  Three 

T.vpical 

Treatments 

IS 
17 
13 

19 
17 

IS 

16 

13 

19.5 

14.5 

15 
13.5 

IS 

15 

IS.  33 

(extra-hard  chromium) 
Carbon  Ce  .  . 

17.9 

(1.14%  carbon) 
Carbon  C: 

(1.26%  C) 
Carbon  Ci 

(0.91%  C) 
Special  St             

17.25 

17 
16.9 

(ver>-  hard  chromium) 
Special  S" 

16.  S5 

(very  hard  chromium) 

16.66 

(tungsten) 

permg,  contains  tens  of  Brinell  units.  For  example,  if  a 
steel  has  a  hardness  of  800  Brinell  units  at  the  best  tempera- 
ture of  tempering  of  780  deg.  cent.  (1436  deg.  fahr.)  and 
a  hardness  of  760  for  a  temperature  of  tempering  of  830 
deg.  cent.  (1526  deg.  fahr.),  then  the  mark  for  the  sensi- 
tiveness of  tempering  would  be  16,  that  is  20  —  4.  A  simi- 
lar system  is  used  for  marking  the  hardness  and  resilience 
of  various  kinds  of  steel,  corresponding  to  typical  treat- 
ments. The  best  types  of  treatment  were  as  follows : 
No.  1  No.  2  No.  3 

A  =  800  A  =  750  A  =  770 

0=2  kgm.  p  =  4  kgm.  p  =  3  kgm. 

For  each  type  of  steel  the  mark  corresponding  to  each  of 
these  typical  treatments  has  been  calculated  in  the  follow- 
ing manner:  For  hardness  the  mark  is  lowered  from  20  by 
as  many  pounds  as  the  difference  between  the  optimum  hard- 
ness and  actual  hardness  contains  tens  of  units  on  the  Brinell 
scale  (the  mark  may  be  increased  under  the  same  conditions 
when  the  actual  hardness  exceeds  the  optimum  hardness), 
Eesilience.  The  mark  is  determined  in  accordance  with  the 
real  value  of  hardness,  and  then  decreased  or  increased  in 
accordance  with  the  actual  value  of  resilience,  one  point  in 
the  mark  corresponding  to  a  difference  of  0.5  kgm  between 
the  optimum  resilience  and  the  actual  resilience.     For  exam- 


ple, a  steel  of  which  tlie  actual  hardness  and  resilience  for 
the  three  typical  treatments  is  as  follows: 

No.  1  No.  2  No.  3 

A  =  780  A  =  710  A  =  740 

p  =  2.5  kgm  p  =  3.5  kgm  ?  =  3  kgm 

will  receive  for  each  of  these  treatments  the  marks  as  fol- 
lows : 

No.  1  No.  2  No.  3 

2  —  2  +  1  =  19  20  —  4  —  1  =  15  20  —  3  +  0  =  17 

Tiie  author  has  further  determined  the  sensitiveness  of  steels 
to  various  successive  treatment.  The  steels  have  been  sub- 
mitted to  several  temperings  one  after  another,  with  an- 
nealings between  each  two  treatments.  The  value  of  hard- 
ness after  the  fifth  treatment  has  been  utilized  for  classify- 
ing the  steels  from  the  point  of  view  of  their  ability  to 
withstand  these  repeated  treatments,  the  steel  of  which  the 
hardness  does  not  change  after  five  temperings  being  with  the 
mark  20,  which  is  reduced  by  as  many  points  as  the  de- 
crease of  hardness  contains  tens  of  units  on  the  Brinell 
scale.     A  study  of  different  steels  from  this  particular  point 
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of  view  has  led  to  the  following  conclusions:  First,  the  re- 
silience increases  with  the  number  of  temperings  to  which 
the  steel  has  been  submitted ;  after  the  fifth  treatment,  the 
resilience  of  certain  steels  is  nearly  doubled  while  in  others 
it  increases  by  one  half.  Therefore,  if  by  successive  tem- 
perings tool  steels  lose  a  certain  amount  of  their  initial 
hardness,  their  resilience  rises,  and,  as  a  result,  the  efficiency 
which  depends  on  the  magnitudes  of  these  two  character- 
istic values,  will  vary  less  than  would  have  been  the  case 
otherwise;  second,  after  ten  successive  temperings  with  an- 
nealings in  between  carbon  steels  proiJerly  so  called  with 
the  content  of  carbon  in  excess  of  0.7  per  cent,  give  quite 
variable  results  from  the  point  of  view  of  hardness.  These 
steels  have  hard  parts,  the  hardness  of  which  is  comparable 
to  the  initial  hardness,  and  soft  parts,  the  hardness  of  which 
goes  down  to  500  and  even  400  Brinell  units. 

Special  steels  treated  in  the  same  way  preserve  a  uniform 
hardness  in  all  of  their  parts,  but  this  hardness  goes  down 
as  the  number  of  treatments  increases.  The  resilience  of 
both  carbon  steels  and  special  steels  slightly  decreases  after 
the  fifth  tempering,  but  after  the  tenth  tempering  its  value 
is  still  superior  to  the  initial  value.  This  classification  (com- 
pare above  Table  2)  shows  that  the  steel  which  can  give 
the  best  results  on  metal  working  cold  is  the  extra  hard 
chromium  steel  S,,  hvi.iereutectoid  steels  C,.,  C-,  and  C,,  and 
hard  chromium  steels  Sj  and  S„.  Tungsten  steels  have  lower 
efficiencies.  Special  nickel  chromium  steels  are  not  and  have 
not  been  included  in  the  table,  and  have  practically  no  sen- 
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sitiveness  with  respect  to  tempering.  Their  hardness  after 
tempering  is  much  inferior  to  the  liardness  of  carbon  and 
special  alloy  steels,  but  their  resilience  is  much  superior  to 
tiiem.  Tiieir  sensitiveness  to  successive  temperings  is  very 
low.  Case  hardening  followed  by  a  tempering  at  tlie  bot- 
tom temperature  gives  to  nickel  chromium  steel  an  oi)timum 
hardness  of  about  720  Brinell  points,  comparable  to  the 
hardness  of  high  carbon  steel  and  special  alloy  steel  tem- 
pered but  not  annealed.  ''  Six  per  cent "  nickel  steel  pos- 
sesses after  tempering  a  much  lower  hardness  than  preceding 
steels  but  a  far  higher  resilience  (12  kgra  as  compared  witli 
5  kgm).     It  has  a  very  high  elastic  limit. 

Tests  while  hot.  The  results  of  these  tests  show  the  heat 
treatment  which  is  likely  to  give  the  best  efficiency  and  the 
curve  of  output  corresponding  to  the  best  utilization  of  the 
tool.  The  following  methods  have  been  used  to  classify 
various  steels  from  the  point  of  view  of  their  hot  outputs 
and  effieieney.  The  efficiency  of  tool  steel  in  the  operations 
effected  while  the  steel  is  hot,  depends  either  exclusively  or  at 
least  to  a  very  large  degree  on  the  value  of  hardness  and 
tenacity  at  the  temperature  at  which  the  tool  works.  The 
tenacity  of  carbon  steels  and  special  steels  is  usually  at  its 
minimum  around  100  deg.  cent.  (212  deg.  fahr.).  Its  value 
rises  considerably  (to  above  2000  kg)  at  a  temperature  of 
150  deg.  cent.  (302  deg.  fahr.).  It  increases  still  further 
as  the  temperature  rises  and  reaches  its  maximum  value  of 
4000  to  5000  kg  at  temperatures  between  200  to  250  deg. 
cent.  (392  and  482  deg.  fahr.).  The  hardness  of  the  same 
steels,  which  lies  at  the  ordinary  temperature  between  700 
and  800  Brinell  units,  diminishes  at  first  in  a  very  noticeable 
manner  up  to  the  temperature  of  100  deg.  cent.  (212  deg. 
fahr.).  It  is  generally  in  the  neighborhood  of  650  units  at 
temperatures  between  100  and  200  deg.  cent.  (212  to  392  deg. 
fahr.),  and  very  rapidly  decreases  then  as  the  temperature 
rises.  Except  in  the  ease  of  tungsten  steels  S^  and  S^,  the 
hardness  is  below  550  Brinell  units  at  a  temperature  of  300 
deg.  cent.    (572  deg.  fahr.). 

The  variation  in  hardness  which  is  the  most  important 
characteristic,  produces  noticeable  variations  in  the  efficiency 
of  steels,  while  corresponding  variations  of  tenacity  have 
much  less  influence  on  efficiency.  One  can  therefore  con- 
sider the  variations  of  ^"x  as  representing  in  a  sufficiently 
close  manner  the  variations  of  efficiency  at  different  tem- 
peratures. The  author  has  calculated  for  each  kind  of  steel, 
the  value  of  the  above  expression  at  temperatures  of  150, 
200  and  250  deg.  cent,  and  with  the  average  values  of  them 
obtained   tlie    following   equation: 

w'hich  he  calls  coefficient  of  efficiency  and  which  permits  to 
classify  steels  from  the  point  of  view  of  efficiency  while  hot. 
The  author  gives  a  table  of  coefficients  of  efficiency  for  vari- 
ous steels  between  temperatures  of  150  and  250  deg.  cent. 
This  table  shows  that  special  steels  are  likely  to  give  better 
efficiencies  than  carbon  steels  properly  so  called,  and  that 
among  the  latter,  hypereutectoid  steels  will  give  a  higher 
efficiency.  As  regards  output,  the  curves  of  output  obtained 
by  means  of  the  Plerbert  machine  permit  to  gain  a  basis  for 
the  classification  of  various  kinds  of  steel. 

In  order  to  use  these  curves  of  output  for  the  classifica- 
tion of  steels,  it  is  necessary  to  bear  in  mind  the  character- 
istic elements  of  these  curves  which  are  as  follows:  (1)  the 
best  speed  of  cutting  r,„  which  gives  tlie  maximum  of  out- 


put; (2)  the  maxuiiuni  of  output  rf,„  corresponding  to  the 
best  speed;  (3)  the  width  of  the  curve  about  this  maximum 
(variations  of  output  for  variations  of  speed  cutting  are 
less  pronounced  as  the  curve  grows  wider  in  this  region) ; 
(4)  the  limiting  speed  of  cutting  v,  beyond  which  the  steel 
is  not  susceptible  of  any  output  and  which,  together  with  the 
best  speed  of  cutting,  limits  the  zone  of  economic  speeds. 
In  Fig.  7  assxune  that  rf,  and  d„  be  the  outputs  ob- 
tained with  a  tool  steel  with  velocities  of  cutting  v^  and  v., 
equidistant  from  a  best  velocity  of  cutting  Vm  (the  equidis- 
tance being  3  m)  ;  these  ordinates  d^  and  d„,  the  axis  of 
velocities  of  cutting,  and  the  upper  part  of  the  curve  of  out- 
])ut  form  the  limits  of  the  surface  S,,  the  extension  of  which 
characterizes  the  width  of  the  curve  about  its  maximum. 
On  the  other  hand  the  surface  iS,  represents  the  zone  of 
economic  speeds  of  cutting  of  the  steel  and  its  value  char- 
acterizes the  extension  of  the  cur\'e  to  the  right  of  the  maxi- 
mum and  the  magnitude  of  the  limit — speed.    The  expression 

using  the  characteristic  elements  of  the  curve  of  output  of 
each  of  the  steels  gives  a  method  of  differentiating  them  from 
the  point  of  view  of  their  cutting  properties  and  may  be 
called  the  characteristic  function  of  the  curve  of  output.  The 
steels  which  are  likely  to  give  the  best  outputs  are  (with  the 
exception  of  the  tungsten  steel  S^  which  is  at  the  head  of 
the  list)  the  hypereutectoid  steels  Cj,  Cg,  C,  and  the  extra 
hard  chromium  steel  S^  which,  as  shown  above,  also  have 
the  best  efficiency  when  working  cold. 

Taking  all  three  above  classifications  together,  the  author 
establishes  a  general  classification  for  high  carbon  and  special 
steels  which  shows  that  chromium  and  tungsten  steels  gen- 
erally do  not  stand  well  successive  heatings  and  temperings, 
and  that,  unless  the  operations  are  well  conducted,  are  liable 
to  suffer.  High  carbon  steels  (with  carbon  content  in  ex- 
cess of  1.15  per  cent)  require  to  be  treated  with  great  care 
and  are  generally  quite  sensitive  to  tempering;  the  hard- 
ness (as  well  as  resilience,  but  in  a  lesser  degree)  of  a  large 
number  of  steels  varied  quite  noticeably  with  the  temperature 
of  tempering  and  annealing,  and  it  is  absolutely  necessary 
to  use  in  their  tempering  the  best  temperature  corresponding 
to  the  particular  use  to  which  they  are  going  to  be  applied 
(tyye-treatment).  In  places  where  complete  equipment  for 
tempering,  such  as  special  furnaces,  pirometers,  etc.,  is  avail- 
able, chromium,  tungsten  and  high  carbon  steels  are  pre- 
ferably to  be  used,  but  where  only  simpler  and  cruder  equip- 
ment is  available,  hard  chromium  steel  and  hypereutectoid 
carbon  steels  are  preferable. 

Power  Transmission 

Power  Transmission  Losses  and  Stresses  in  Belt  and 
Rope  Drives  (Die  Uhertraijungsvcrluste  und  die  Bean- 
spruchungen  der  Seil-  und  Biementriehe,  K.  Kutzbach,  Zeits. 
des  Vereines  deutscher  Ingenieure,  vol.  58,  no.  25,  p.  lOOfi, 
June  20,  1914,  6  pp.,  8  figs.  te).  The  author  investigates 
the  losses  occurring  in  transmission  of  power  by  rope  and 
belt  drives  and  the  stresses  occurring  in  these  transmission 
elements.  He  explains  the  distinctive  features  of  the  rope 
and  belt  drives  by  the  elastic  properties  of  these  materials. 
Their  common  property  of  increasing  the  efficiency  with  the 
increase  of  useful  tension,  holds  as  long  as  the  absolute  losses 
remain  more  or  less  independent  of  the  useful  tension.     In 
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the  case  of  ropes,  low  elastieity  and  the  unavoidahle  varia- 
tion in  length,  far  more  than  strength,  limit  their  practi- 
cally perraissihle  tension,  and  couseiiuently  the  efficiency  of 
rope  drive,  which,  from  a  practical  standpoint,  is  not  always 
the  deciding  argument.  The  author  investigates  graphically 
the  action  of  centrifugal  force  in  the  case  of  belt  and  rope 
drives  and  the  nature  of  what  is  known  as  "  excess  stress," 
as  well  as  the  distribution  of  stresses  while  the  drive  is  in 
operation ;  by  means  of  tension  diagrams  he  shows  why  ver- 
tical rope  drives  are  so  difBeult  to  install  and  so  little  reli- 
able unless  the  ropes  used  are  of  particularly  great  elas- 
ticity. But  even  if  such  ropes  were  available,  they  would 
not  be  better  than  a  rope  drive  having  an  axial  stress  of  30 
to  40  kg/qcm.  Rope  dri\es  working  at  high  stresses  always 
provide  a  stiff  transmission,  and  the  softness  and  elasticity 
of  a  leather  belt  transmission  can  be  obtained  in  the  case  of 
rope  drives  only  when  tlie  stresses  in  the  rope  are  low.  If 
in  an  installation  involving  a  considerable  amount  of  non- 
uniform drive  or  shocks,  say  an  electric  motor,  a  particu- 
larly soft  transmission  is  required,  notliing  better  can  be  de- 
vised than  a  really  elastic  and  long  leather  belt  connecting 
large  masses  at  both  pulleys.  In  such  a  case  all  the  irregu- 
larities of  operation  and  shocks  will  be  taken  up  by  the 
spring  action  of  the  belt,  while  in  the  case  of  rope  it  will  be 
the  transmission  apparatus  that  will  have  to  take  them  up. 
This  will  result  in  unpleasant  knocking  of  the  loose  drums 
which  is  entirely  avoided  when  belts  are  used.  As  far  as 
efficiency  alone  is  concerned,  the  steel  belt  is  at  the  top  of 
all  other  belts  or  rope  methods  of  transmission,  but  owing 
to  its  very  high  coefficient  of  elastieity  and  the  low  influence 
of  the  action  of  its  own  weight  for  short  distances,  it  gives 
a  drive  which  connects  the  two  wheels  not  elastically,  but 
rigidly. 

Steam  Engineering 

Novelties  in  the  Design  of  Brown-Boveri-Parsons 
Turbines  {Neuerungen  im  Bau  Brown,  Boveri-Parsons  Tur- 
binen.  Zeits.  fiir  das  gesamte  Turbinenwesen,  vol.  11,  no. 
16,  June  10,  1914,  p.  253,  2  pp.,  3  figs.  d).  The  article  de- 
scribes the  recent  development  in  the  design  of  the  Brown, 
Boveri-Parsons  steam  turbines.  The  tendency  is  towards 
making  the  turbine  more  compact  which  is  facilitated  by  the 
new  materials  of  high  resistance  to  stresses  which  have  re- 
cently appeared  on  the  market.  The  general  design  of  the 
turbine  (compare  Fig.  8A)  has  remained  unaltered  with  the 
following  improvements,  however :  In  order  to  reduce  the 
amount  of  steam  flowing  through  the  dummy  piston,  the 
arrangement  of  equalization  has  been  changed.  It  has  for- 
merly been  usual  to  have  one  dummy  piston  at  the  high- 
pressure  end  and  another  at  the  low-pressure  end,  and  to 
lead  the  "  loss "  steam  from  the  high  pressure  and  dummy 
piston  direct  into  the  exhaust  of  the  turbine.  Now,  how- 
ever, this  steam  is  passed  through  the  hollow  shaft  into  the 
stage  between  the  intermediate  and  low-pressures,  and  is 
therefore  enabled  to  do  the  work  in  the  low-pressure  stage. 
By  means  of  a  small  increase  in  diameter  it  proved  also 
possible  to  obtain  a  little  freer  working  of  the  dummy  pis- 
ton. An  improvement  in  the  construction  of  collar  thrust 
bearings  has  made  it  recently  possible  to  omit  the  dummy 
piston  at  the  low-pressure  end  entii'ely  and  in  this  way  to 
improve  considerably  the  steam  consumption. 

In   order  to   utilize   fully   the   steam   pressure   at   various 


loads  on  the  turbine  and  avoid  uneconomic  throttling,  the 
nozzles  have  been  distributed  into  several  groups;  the  first 
group,  Fig.  B,  is  directly  under  the  action  of  the  main  regu- 
lating valve  TT',  while  the  following  groups,  the  number  of 
which  depends  on  the  size  of  the  engine,  are  regulated  by 
one  to  four  additional  valves  operated  by  oil  under  pres- 
sure. At  small  loads,  only  the  nozzles  regulated  by  the  valve 
W  are  opened.  When  the  load  increases,  the  pressure  behin<l 
these  nozzle»  increases  also  and  simultaneously  the  oil  pres- 
sure under  the  piston  T  increases  so  that  when  the  steam 
pressure  at  the  nozzles  has  approximately  reached  the  boiler 


Fig.  8     Bbown-Boveri-Parsons  Improved  Turbine 

pressure,  a  new  set  of  nozzles  will  be  opened,  if  the  tur- 
bine is  to  carry  a  still  greater  load.  This  is  done  by  the 
rising  oil  pressure  under  the  piston  Z  of  the  supplementary 
valve  A^,  the  piston  Z  being  arranged  in  such  a  manner  that 
the  valve  cannot  occupy  any  intermediate  position,  but  must 
be  either  fully  opened  or  fully  closed  at  the  moment  of  the 
opening  and  closing  of  the  additional  valve.  There  must 
be,  iiowever,  some  supplementary  regulation  of  the  main 
valve  W,  if  there  are  several  supplementary  valves.  The 
springs  of  the  oil  piston  Z  must  be  graduated  in  such  a  man- 
ner that  the  next  valve  will  open  only  after  the  oil  pressure 
has  risen  to  the  required  extent;  that  is,  when  the  steam 
pressure  in  front  of  the  valve  has  reached  nearly  the  level  of 
the  boiler  pressure.  The  regulation  proper  is  always  carried 
on  by  the  main  regulating  valve  TT^,  which,  owing  to  the 
peculiar  shape  of  the  sleeve,  is  all  the  time  in  an  oscillating 
motion  and  peculiarly  adapted  to  respond  to  the  slightest 
variations  of  the  speed  of  rotation.  Further  information 
about  the  action  of  this  apparatus  is  promised  in  a  future 
issue  of  the  paper. 
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Strength  of  Materials 

Coiii'KK.ssiON  Tksts  OS  Cemext  Cubes  (Bruckvemuche 
mit  Betonwiirfeln,  Otto  Graf,  Armierter  Beton,  vol.  7,  no.  (>■ 
June  1914  (article  not  finished)  (eA).  The  present  article 
gives  a  compilation  of  results  obtained  at  the  laboratory  for 
testing  materials  at  the  Royal  Technical  High  Scliool  in 
Stuttgart  from  tests  on  the  strength  of  cement  cubes.  Tiie 
tests  have  been  carried  out  for  a  number  of  years  and  the 
article  gives  a  fairly  complete  account  of  tli%  results  ob- 
tained. On  account  of  lack  of  si)ace  only  the  final  conclu- 
sions will  1)6  reported  here. 

As  regards  the  relation  between  the  size  of  the  body  and 
its  compression  strength,  it  was  found  that  cement  bodies 
having  a  cross  section  of  480  qcm  exhibited  a  considerably 
lower  coni))ressive  strength  than  cubes  with  cross  section  of 
50  qcm.  It  appears  tiiat  the  strength  of  a  cube  is  a  fiuie- 
tion  of  its  age,  and  also  that  the  ratio  between  the  size  and 
compressive  strength  of  a  cement  cube  is  affected  by  the 
amount  of  water  used  in  the  preparation  of  the  cement.  In- 
crease in  the  length  of  time  of  mixing  produced  a  slight  im- 
provement in  strength.  As  regards  the  relation  between  the 
amount  of  water  used  and  the  compression  strength,  the  tests 
indicate  that  the  older  the  test  piece  the  less  its  strength  is 
affected  by  the  amount  of  water  used.  On  the  other  hand, 
the  influence  of  the  amount  of  water  used  is  but  little  af- 
fected by  the  cement  test  piece  Ijeing  kept  in  dry  or  moist 
atmosphere. 
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FRANKLIN  INSTITUTE 

JiinrnnU  ral.  7,'S,  no.  1,  Jnlij  1911,  Philadilphia.  Pa. 
Locomotive    .Superheaters    and    their    Performance,    C.    D. 

Young   (abstract) 
An    Apparatus   for   the    Spectroscopic    Synthesis    of   Color, 

Herbert  E.  Ives  and  E.  J.  Brady 
The  Problem  of  Motor  Gasoline,  John  Winkler 

Locomotive  Superheaters  and  their  Performaxce,  C. 
D.  Young  (83  pp.,  56  figs.  heA).  The  article  may  be  divi- 
ded into  two  ])arts;  the  first  containing  a  historical  sketch  of 
the  construction  of  superheaters,  and  the  second,  data  of 
tests  performed  at  the  Altoona  shops  of  the  Pennsylvania 
Railroad  Company.  On  account  of  lack  of  space  only  the 
second  part  of  this  interesting  article  is  reported  here.  The 
data  of  tests  are  presented  partly  in  the  form  of  curves  and 
partly  as  tables.  The  superheater  used  for  the  tests  was  a 
Schmidt  superheater  of  the  fire-tube  type  or  an  altered  form 
of  it,  consisting  of  tubes  arranged  in  groups  or  elements  and 
located  in  the  large  flues  in  the  boiler.  It  was  arranged  in 
such  a  way  that  the  steam  from  the  boiler  entered  the  header 
in  the  smoke  box,  then  flowed  into  one  of  each  of  the  super- 
heater elements,  passing  twice  through  the  hot  gases  which 
surrounded  the  element,  and  then  directly  to  the  cylinders. 
In  order  to  obtain  different  degrees  of  superheat  without  in 
any  way  changing  tlie  water  heating  surface  of  the  boiler  or 
the  engine  conditions,  different  forms  of  sujierheafor  elements 
were  used  with  the  same  superheater  header  and  large  flues. 
The  various  superheater  elements  and  their  sizes  are  shown 
in  the  original  article.  The  locomotive  used  for  all  of  the 
superheater  tests  was  a  class  K2sa  Pacific  type  passenger  lo- 
comotive of  the  Pennsylvania  Railroad  Company  witli  brick 
arcli  in  the  firebox.  A  complete  efhciency  test  of  this  loco- 
motive,  equipped   with    tlie   standard   form   of  the   Schmidt 


superiieater,  was  made  before  the  special  superheater  tests 
were  undertaken  (the  results  are  given  in  full  in  Bulletin 
No.  18,  issued  by  the  Pennsylvania  Railroad  Company). 

The  results  of  tests  refer  to  the  following  subjects:  Effect 
of  different  degrees  of  superheat,  tests  made  with  small  su- 
perheaters, superheaters  of  ^4,  %  and  %  length.  The  small 
superheater  tests  gave  an  evaporation  of  about  31,000  lb. 
of  water  per  hr.,  with  an  indicated  horsepower  of  1425,  while 
with  the  same  cut-off  and  an  extra  length  superheater,  the 
evaporation  was  only  about  21,000  lb.  for  the  same  indi- 
cated horsepower,  this  effect  being  caused  by  the  small  super- 
heat obtained  with  the  short  returns  which  require  a  great 
weight  of  steam  for  the  power  produced.  It  was  found  fur- 
ther that  tlie  small  superheater  would  evaporate  onh-  70  per 
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Fig    9     High  and  Low  Superhe.^t  Indicator  r)iAaR.*MS 

cent  of  wliat  the  half-length  superheater  was  capable.  The 
small  capacity  of  this  header  superheater  was  brought  about 
by  the  fact  that  it  did  not  extend  into  the  large  flues  in  the 
boiler.  As  a  result  of  this,  the  boiler  did  not  steam  proji- 
erly.  The  draft  action  was  disturbed  and  holes  were  made 
in  the  fire  by  the  violent  agitation  of  the  draft.  The  small 
superheater  gave  a  maximum  superheat  of  but  26  deg.  The 
superheaters  of  Vi,  Vi  and  %  length  showed  a  regular  in- 
crease in  superheat  produced  with  the  increase  in  length  of 
superheater.  Further,  as  superheat  was  increased,  the  evap- 
oration when  running  at  a  short  cut-off  was  decreased;  the 
one  half  length  superheater  gave  a  greater  evaporation 
than  was  obtained  with  any  other,  namely,  about  .')5,000  lb. 
per  hr.  It  must  not  be  understood,  however,  that  this  sui)er- 
heater,  which  is  best  for  evaporation,  gives  the  maximum 
horsepower.  The  extra  length  shows  a  higher  superheat 
than  standard  length,  but  there  might  be  difficulties  in  its 
use  where  tlie  ends  come  within  a  few  inches  of  the  fire-box 
and  of  the  flue.     The  standard  half-return  f.\i)e  gives  fully 
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as  much  superheat.  As  regards  the  relation  between  out-ufl; 
and  superlieat,  it  appeared  that  tlie  superheaters  ranged  in 
this  respect  in  very  nearly  the  same  way  as  in  regard  to 
length  o£  superheater  and  amount  of  evaporation,  which 
might  be  expected  since,  on  account  of  the  constant  speed, 
the  evaporation  was  almost  entirely  a  function  of  the  length 
of  cut-off. 

Considering  the  economy  resulting  from  the  superheat,  it 
appeared  that  at  the  shorter  cut-offs  there  was  a  uniform 
decrease  in  the  water  rate  with  each  increase  hi  superheat. 
As  the  cut-off  was  extended,  the  water  rate  increased  but  had 
a  tendency  to  become  more  nearly  constant  with  an  increase 
in  superheat.  A  water  rate  of  24  lb.  was  obtained  witli 
the  superheat  of  about  30  deg.,  but  if  the  superheat  was  in- 
creased to  220  deg.  without  a  change  in  cut-off,  the  water 
rate  was  reduced  to  16  lb.  From  the  table  given  in  the  orig- 
inal article,  it  appeared  that  at  15  per  cent  cut  off,  at  the 
speed  all  the  tests  were  made,  for  every  20  deg.  rise  in  super- 
heat there  was  a  reduction  in  water  rate  of  1  lb.  per  indicated 
h.p-hr.  At  50  per  cent  cut-off,  this  changed  to  a  require- 
ment of  about  40  deg.  rise  for  the  same  reduction  hi  water 
weight.  It  appeared  further  that  superheat  always  showed 
a  saving  in  steam  if  the  cut-off  did  not  exceed  50  per  cent. 
A  further  diagram  shows  that  every  increase  in  superheat 
resulted  in  a  saving  of  coal  per  h.p-hr. 

The  article  gives  also  data  on  temperatures  in  the  boiler 
tube  and  superheater  flue.  It  appears  that  there  was  a  loss 
in  steam  pressure  as  the  steam  flowed  from  the  boiler  through 
the  superheater  to  the  steam  chest.  The  superheater 
equipped  with  spiral  blades  in  the  tubes  showed  the  largest 
loss  in  steam  pressure  as  the  steam  flowed  through  the  super- 
heater. These  blades  had  a  retarding  effect  and  the  mcreas- 
ing  superheat  obtained  by  their  use  did  not  compensate  for 
the  loss  of  power  due  to  the  pressure  fall.  The  short  returns 
showed  the  least  drop  in  pressure  while  the  single-pass  super- 
heater showed  a  little  greater  drop  in  pressure.  The  dia- 
grams for  high  and  low  superheat  given  in  Fig.  9  indi- 
cated that  there  was  a  drop  in  jiressure  between  the  boiler 
and  steam  chests  of  about  8  lb.  During  the  admission  to  the 
cylinder  the  steam  having  a  low  superheat  showed  loss  in 
pressure  throughout,  but  during  expansion  the  pressure  for 
the  low  superheated  steam  was  higher  than  for  the  highly 
superheated  steam.  During  the  return  stroke  of  the  piston 
the  steam  having  a  low  superheat  showed  a  higher  back  pres- 
sure than  the  highly  superheated  steam.  This  indicated  that 
the  highly  superheated  steam  was  more  fluid  or  flowed  more 
freely  into  and  out  of  the  cylinder  than  did  the  steam  of 
low  superheat. 

The  results  of  the  tests  showed  conclusively  that  there  was 
an  almost  direct  relationship  between  the  economy  in  water 
and  fuel  and  the  degree  of  superheat.  If  the  superheat  at 
a  short  cut-off  could  be  obtained  as  high  as  that  which  was 
obtained  for  a  long  cut-off,  no  doubt  more  remarkable  econ- 
omies would  have  been  possible  in  steam  per  mdicated 
h.p-hr.  The  other  deductions  which  may  be  drawn  from 
these  tests  were  summarized  by  the  author  as  follows : 

(a)  The  standard  superheater  now  in  general  use  is  found 
to  give  very  satisfactory  results  with  a  possibility  that  some 
of  the  return  portion  could  be  eliminated  with  no  detriment 
to  the  superheat  obtained,  and  %vith  an  advantage  in  cost  of 
material. 

(b)  Too    much    importance    cannot    be    attached    to    the 


length  of  superheater;  it  must  extend  as  far  toward  the  fire 
as  practicable  limitations  will  allow,  considering  the  life  of 
the  elements  in  the  hot  gases. 

(c)  There  is  an  advantage  in  the  return  portion  of  the 
superheater,  but  this  part  may  be  shortened;  to  wliat  extent 
has  not  yet  been  finally  determined. 

(d)  As  the  superheat  is  reduced,  the  evaporation  of  the 
boiler  is  increased  within  certain  limits;  in  other  words,  a 
boiler  without  superheater  shows  a  larger  maximum  evapora- 
tion than  one  with  a  superheater.  The  power  of  the  loco- 
motive, however,  does  not  increase  with  the  greater  weight 
of  steam  i^roduced;  on  the  contrary,  the  power  is  reduced 
with  the  reduction  in  superheat. 

(e)  Witliin  tlie  limitations  of  these  tests,  the  highest 
superheat  does  not  result  in  the  lowest  water  rate;  this  is  on 
account  of  the  fact  that  to  obtain  the  highest  superheat  the 
locomotive  may  be  run  at  an  excessively  long  cut-off,  the  long 
cut-off  increasing  the  water  rate  to  a  greater  extent  than  is 
compensated  for  by  the  increase  in  superheat. 

INSTITUTE  OF  MARINE  ENGINEERS 

Transactions,  Session  1914-1915,  June  1914.    Stratford. 
AA'ood  Ciiarcoal,  its  Manufacture  and  Uses,  W.  D.  Ashton 

Bost  (abstracted). 
Board  of  Trade  Rei^ort  on  Explosion  from  a  Boiler   Stop 

A'alve  Chest. 

Wood  Charcoal,  its  Manufacture  and  Uses,  W.  D.  Ash- 
ton Bost  (33  p.  gp).  The  article  discusses  mainly  the  uses 
of  wood  charcoal.  The  author  states  that  "  in  America  the 
output  of  charcoal  iron  is  enormous,  owing  to  the  vast 
amount  of  cheap  wood  and  the  furnaces  carbonizing  it  for 
themselves  and  recovering  the  products."  Speaking  of  the 
use  of  charcoal  for  insulation,  especially  on  ships,  the  author 
discusses  the  possible  fire  danger. 

As  regards  the  method  of  extinguishing  flake  charcoal,  the 
author  states  that  it  is  done  by  freely  exposing  it  to  the  air ; 
it  was  formerly  supposed  to  be  extinguished  by  absorbing 
oxygen  in  the  process.  This,  howevei',  is  not  correct,  be- 
cause, although  flake  charcoal  does  absorb  all  the  oxygen  it 
wants,  this  has  nothing  to  do  with  the  cooling  which  is  ef- 
fected by  allowing  it  to  give  off  all  its  heat  while  being  tossed 
about.  By  exposing  each  particle  to  the  air,  the  temperature 
of  the  coal  is  lowered  after  a  certain  number  of  such  expos- 
ures. While  lump  wood  charcoal  takes  24  hr.  to  cool  with 
exclusion  of  air,  flake  charcoal  takes  10  min.  when  exposed 
to  the  air.  In  the  well  known  tests  of  Dr.  Roseiihain,  it  was 
found  that  the  conditions  necessary  for  firing  charcoal 
were  such  as  could  not  be  found  at  sea  except  in  the  cas*; 
of  fire  outside  the  charcoal  setting  it  on  fire.  The  only  ex- 
ception possible  is  the  presence  of  sulphur  dioxide.  In  Dr. 
Rosenhain's  first  experiment,  the  conditions  were  more  severe 
than  could  occur  in  actual  practice,  for  the  charcoal  was  put 
loosely  into  a  perforated  box,  surrounded  on  all  sides  by  3 
ui.  of  air  free  to  move,  whereas  in  practice  the  charcoal  has 
air-tight  casing.  Even  under  these  conditions  the  tempera- 
ture was  raised  to  370  deg.  cent,  or  nearly  four  times  the 
temperature  of  boiling  water  without  ignition  taking  place. 
It  might  however  be  said  that  while  charcoal  in  the  insula- 
tion is  not  liable  to  spontaneous  combustion,  yet  it  might 
help  to  propagate  a  fire. 

The  following  figures  from  the  Board  of  Trade  reports  on 
fires  in  British  steamers  of  100  tons  and  upwards  for  twelve 
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years,  show  that  in  projioition  to  the  number  of  ships  fitted 
witii  charcoal  and  silicate  cotton  resiieclively,  there  have 
been  more  fires  in  the  latter  than  in  the  former.  If  instead 
of  making  the  comparison  between  charcoal  and  silicate  cot- 
ton, it  is  made  between  combustible  and  uncombustible  insu- 
lating material,  it  would  be  found  that  in  proportion  to 
their  numbers  there  have  been  more  fires  in  the  latter  than 
in  the  former.  It  is  further  proved  that  a  fire  on  a  ship  with 
combustible  material  is  generally  less  serious  in  character 
than  on  one  fitted  with  incombustible  material,  which  is  a 
somewhat  startling  fact. 

SOCIETY  OF  ENGINEERS 

TuE  Utilization  of  Solar  Energy,  A.  S.  E.  Ackermann. 
(Abstracted  from  report  published  in  The  Electrician,  April 
17,  1914.)  The  paper  was  read  before  the  Society  of  Engi- 
neers on  April  6,  1914,  and  gave  some  hitherto  unpublished 
data  on  the  sun  power  plant  as  well  as  data  on  tests  of  the 
absorbers  used  in  this  plant.  The  latest  pattern  of  the  ab- 
sorber gave  a  maximum  thermal  efficiency  of  no  less  than 
40.7  per  cent  and  a  maximum  output  of  steam  of  1442  lb. 
per  hr.  at  a  pressure  of  15.8  lb.  per  sq.  in.  absolute.  This 
absorber  consists  of  five  sections,  each  205  ft.  long,  13  ft. 
5  in.  wide  between  the  edges  of  the  mirrors.  The  cross- 
section  of  each  of  the  five  sections  is  parabolic  and  the  mir- 
ror portion  may  be  described  as  five  large  parabolic  chan- 
nels. The  sections  are  placed  with  their  major  axis  north 
and  south.  To  receive  the  morning  sun  they  are  heeled  over 
to  the  ea.st  and  move  automatically  vei-y  slowly  from  that 
position  to  the  west  so  as  to  foUow  the  sun.  This  auto- 
matic movement  is  controlled  by  a  small  and  simple  ther- 
mostat, consisting  of  three  fingers,  each  made  of  a  thin 
plate  of  brass  underneath  and  a  plate  of  vulcanite  on  top. 
The  principle  of  working  this  thermostat  is  that  two  fingers 
are  in  the  shade  and  the  third  in  the  sunshine.  Should  one 
of  the  outer  fingers  get  off  from  the  shade  it  is  rapidly 
heated  up  by  the  sun,  bends  down,  closes  an  electric  circuit 
and  starts  a  mechanism  which  moves  the  mirror.  From  the 
results  of  tests  of  various  types  of  absorbers  the  author  has 
derived  a  formula  by  means  of  which  it  is  easy  to  calculate 
for  a  given  type  and  size  of  absorber  the  total  output  of 
steam  per  hour,  when  three  things  are  known :  the  time  of 
day,  the  steam  pressure  and  the  humidity  (humidity  ad- 
versely affects  the  quantity  of  solar  radiation  arriving  at 
the  earth's  solid  surface).  The  author  shows  further  that 
in  the  case  of  such  low-pressure  boilers,  the  high  thei-mal 
efficiency  is  not  necessary  since,  up  to  a  certain  point,  the 
higher  the  steam  pressure  the  more  economical  the  working, 
although  the  thermal  efficiency  is  then  lower. 

THE  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA 

Proceedings,  vol.  30,  no.  1,  February  1914.    Pittshiirg,  Pa. 
Discussion   of    Operating   experiences    with    Steam    Regen- 
erators (abstracted) 
Crucible  Steel,  George  H.  Neilson 

Te.sts  op  Steam  Regenerators  and  Low  Pres.suee  Tur- 
bines, Frank  E.  Lbi^hy  (39  pp.,  6  figs.  e).  In  a  previous 
paper  before  the  same  Society,  Mr.  F.  G.  Gasche  discussed 
the  theory  of  steam  accumulative  and  regenerative  processes 
which  prompted  several  engineers  in  the  Western  Pennsyl- 
vania district  to  make  extensive  tests  with  steam  regenera- 
tors.   Mr.  Leahy  made  tests  on  a  regenerative  system  located 


between  a  blooming  mill  and  a  slabbing  mill  in  front  of  a 
low-pressure  tuibine  station,  consisting  of  three  American 
steam  regenerators  connected  in  parallel  and  operating  as  a 
unit.  Each  regenerator  consists  of  two  steel  tanks,  one 
above  the  other,  the  lower  being  designated  as  the  expansion 
chamber  and  the  upper  as  the  regenerative  chamber.  The 
oi)eration  of  the  regenerative  system  is  as  follows:  the  ex- 
haust steam  enters  the  lower  tank  and  in  passing  into  the 
spray-box  strikes  a  vane,  turning  it  through  a  certain  angle, 
depending  on  the  quantity  of  steam  flowing.  This  move- 
ment is  transmitted  to  the  regulating  water  valve  which  ad- 
mits the  water  to  the  spray-box.  The  greater  the  quantity 
of  steam  flowing,  the  greater  the  angle  through  which  the 
vane  turns  and  as  a  consequence  the  admission  of  water 
through  the  valve.  The  steam  and  water  meet  in  the  spray- 
box  and  the  mixture  passes  through  an  ejection  pipe  into 
the  upper  tank,  the  water  absorbing  the  heat  from  the  steam 
on  the  way.  In  this  manner  the  heat  is  stored  in  the  upper 
tank  and  becomes  available  for  use  when  required.  If  at 
any  time  the  pressure  in  the  top  tank  drops  to  sixteen  lb. 
absolute,  due  to  decrease  in  the  supply  of  exhaust  steam, 
the  live  steam  reducing  valve  is  automatically  opened  and 
admits  steam  to  the  lower  tank,  closing  as  soon  as  the  pres- 
sure in  the  top  tank  increases  to  eighteen  lb.  absolute.  If 
at  any  time  there  is  such  a  surplus  of  exhaust  steam  that  the 
pressure  in  the  top  tank  exceeds  nineteen  lb.  absolute,  the 
relief  valve  opens,  discharging  the  excess  steam  to  the  atmos- 
phere. In  order  better  to  control  the  conditions  of  operation 
in  the  tests,  live  steam  was  used  throttled  through  a  reduc- 
ing valve.  The  obser\'ations  during  the  tests  were  taken  as 
follows:  The  average  temperature  of  the  water  in  the  regen- 
erator by  thermometers  placed  at  various  places  in  the  tank; 
steam  temperature  by  a  thermometer  placed  in  the  top  of 
the  regenerator  tank;  pressure  in  the  top  and  bottom  tanks 
by  mercury  columns ;  lieight  of  water  on  both  ends  of  the  re- 
generative tanks  by  graduated  water  gage  glasses. 

The  author  presents  the  results  of  his  tests  in  the  form  of 
tables  (see  Table  3).  In  addition  to  the  tests  of  the  re- 
generative equipment,  tests  of  the  turbo-generators  were 
also  made.  The  low-pressure  turbine  station  consists  of  one 
Curtis  low-pressure  turbo-generator,  one  General  Electric 
motor-generator  set,  one  small  General  Electric  turbo-gen- 
erator, with  d.  c.  for  excitation,  switchboard  and  a  Weiss 
dry  air  pump.  The  low-pressure  turbine  is  a  Curtis  hori- 
zontal, three-stage  impulse  t.vpe  rated  at  3000  kw.,  1500 
r.p.m.,  form  E,  designed  to  run  condensing  and  deliver  its 
rated  capacity  with  an  initial  pressure  of  16  lb.  absolute. 
The  turbine  exhausts  into  a  Weiss  barometric  counter  cur- 
rent condenser  of  self  supporting  tj'pe  and  a  rated  capacity 
of  condensing  150,000  lb.  of  steam  per  hour.  The  turbine 
tests  were  run  to  determine  the  steam  consumption  of  the 
turbine  at  various  loads.  The  net  results  obtained  by 
the  installation  of  the  low-pressure  turbine  and  regenerators 
were  as  foUows : 

First:  An  increase  of  57.5  per  cent  in  the  rated  electrical 
capacity  of  the  plant. 

Second:  The  back  pressures,  in  pounds  per  square  inch, 
on  the  blooming  and  slabbing  engines  were  as  follows : 

Before  Turbine 
Operating  Alone        Operating  Together  Installation 

Engines        Average  Maximum     Average  Maximum     Average  Maximum 
Blooming  Mill..     3.77  10.00  7.35  '"""  '  ■="  =  •»" 

Slabbing  Mill   . .     .x04  10.06  7.S2 
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Third:  The  load  on  the  turbine  is  such  tluxt  the  steam 
consumption  of  the  turbine  is  practically  constant.  When 
only  the  blooming  engine  is  operating,  the  supply  of  exhaust 
steam,  which  is  approximately  76,000  lb.  per  hour,  is  insuffi- 
cient to  meet  the  demands  of  the  turbine  and  in  order  to 
provide  this  deficiency,  the  live  steam  valve  is  oi^en  about 
10.5  minutes  per  hour.  When  only  the  slabbing  mill  en- 
gines are  operating,  live  steam  is  admitted  to  the  turbine 
about  2.6  minutes  per  hour,  exhaust  steam  from  these  en- 
gines being  approximately  100,000  lb.  per  hour.  In  either 
of  the  above  cases  it  is  very  seldom  that  anj-  exhaust  steam 
escapes  to  the  atmosphere.  When  both  mills  are  operating 
at  the  same  time,  the  exhaust  steam  is  much  in  excess  of  the 
demand,  and  the  relief  valves  are  open  about  18.9  minutes 
per  hour,  discharging  the  excess  steam  to  the  atmosphere. 

Operating  difficulties:  When  the  low-pressure  turbine  and 
regenerators  were  first  put  into  sei'\'ice  a  good  deal  of 
trouble  was  experienced  with  the  reducing  valves.  This 
being  a  straight  low  pressure  turbine  it  is  imperative  that 
the  reducing  valves  be  absolutely  reliable  and  positive  in 
their  performance.  The  first  valve  used  was  a  12  in.  Toster 
reducing  valve  designed  to  open  at  15  lb.  and  close  at  15.5 
lb.  absolute  pressure,  but  it  proved  not  to  be  well  adapted  to 
this  kind  of  sendee  and  better  results  were  later  obtained 
by  the  use  of  a  balanced  piston  valve  which  is  positive  in 
its  action,  being  controlled  directly  by  the  pressure  in  the 
regenerators.  This  valve  has  been  in  operation  since  July 
1912  and  has  given  complete  satisfaction.  Another  source 
of  trouble  was  due  to  the  imperfection  in  the  design  of  the 
pUot  valve  which  operated  the  water  mixing  valve.  It  would 
find  a  position  of  admission  and  exit  that  would  give  to 
the  piston  of  the  operating  cylinder  a  violent  recipro- 
cating motion,  either  breaking  the  valve  steam  or  causing 
the  valve  to  sit  hard  enough  to  break  the  body  of  it.  A 
change  in  the  design  of  the  piston  and  jiorts  was  made 
which  eliminated  this  trouble.  The  article  contains  very 
complete  data  of  the  tests. 

Experiments  with  a  Small  Steam  Regenerator,  C.  L. 
W.  Trinks  (6  pp.,  4  figs.  e).  The  experiments  made  by 
the  author  included  tests  on  an  experimental  regenerator 
made  of  20  in.  pipe  and  experiments  on  absorption  of  jets 
of  steam  in  a  specially  constmcted  glass  vessel.  The  author 
found  that  the  results  obtained  from  the  former  were  not 
applicable  to  apparatus  of  commercial  size.  In  the  experi- 
ments with  the  glass  container,  conditions  were  maintained 
such  that  the  temperature,  pressure  and  water  level  were 
kept  constant.  Steam  was  added  in  such  quantities  that  all 
of  it  was  just  absorbed  at  the  surface  of  the  water,  thus  rep- 
resenting the  limit  of  total  steam  absorption  for  the  given 
discharge  orifice,  temperature  difference  and  depth  of  im- 
mersion. At  first  a  single  jet  of  steam  was  used,  and  its 
shape  proved  to  be  different  from  what  might  have  been  ex- 
pected. Instead  of  there  being  a  number  of  bubbles  rising 
through  the  water,  the  jet  expanded  to  at  least  four  times 
the  size  of  the  jjipe  opening  and  looked  very  much  like  an 
unsteady  flickering  flame,  the  top  of  which  was  darting 
hithr  and  thither  (Fig.  lOA).  Spreading  of  the  steam  jet 
was  probably  due  to  the  resistance  which  it  found  against 
the  water  in  trying  to  rise.  A  small  box  was  next  used  re- 
sembling a  section  of  a  regenerator  element.  It  was  discov- 
ered that  the  steam  coming  out  of  the  lateral  holes  spread 


to  such  an  extent  that  the  steam  jets  interfered  with  each 
other.  It  was  also  discovered  that  the  kinetic  energy  of  the 
flow  of  steam  was  excessively  large  as  compared  with  the 
discharge  capacity  of  the  bottom  openings.  A  special  baffle 
was  then  provided  to  produce  induced  circulation.  The  left 
hand  part  of  Tig.  B  shows  approximately  the  appearance  of 
the  steam  jets  essentially  different  from  that  shown  in  the 
catalogue  of  the  Rateau  Regenerator  Company.  Fig.  C 
shows  that  complete  steam  absorption  with  small  tempera- 
ture difference  necessitates  a  very  slow  rate  of  flow  of  steam 
and  discharge  through  the  upper  row  of  holes  only.  If 
complete  absorption  of  steam  and  discharge  through  sev- 
eral rows  of  holes  is  wanted,  the  temperature  difference 
between  the  steam  and  water  must  be  quite  excessive. 
The  author  gives  the  following  brief  calculation;  with 
pei-missible    temperature    difference    and    for    complete    ab- 
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Fig.  id    a  and  B,  Spread  of  Jet  in  Small  Steam  Regenerators;   C,  Steam 
Absorption  in  Regenerators 

sorption  of  steam,  a  horizontal  length  of  absorbing  sui'- 
face  of  about  three  miles  wiU  be  necessary  for  an  ordi- 
nary 55  X  60  reversing  engine  doing  medium,  heavy  work  at 
60  r.p.m.  This  figure  is  based  on  15  deg.  fahr.  temperature 
difference  and  a  4-in.  depth  of  immersion.  If  three  regen- 
erators were  used,  each  with  four  absorbing  surfaces,  and 
if  the  depth  of  immersion  be  increased  to  ten  inches,  then 
the  length  of  the  regenerator  could  be  reduced  to  500  ft. 
This  appears  to  show  that  regenerators  as  designed  now 
cannot  absorb  all  of  the  steam  which  comes  from  a  reversing 
mill  engine  unless  the  temperature  difference  is  excessive. 

The  author  believes  that  aU  absorption  regenerators  would 
have  to  be  redesigned  in  the  shape  of  multiple  flat  boxes 
with  considerably  less  depth  of  innnersion  and  only  one  row 
of  holes,  which  would  make  them  too  costly  for  commercial 
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TABLE  3     SUMMARY  OF  TESTS  MADE  ON'  REGENERATOR  (NO.  2)  AT  TURBINE  STATION 

REGENERATIVE  PERIOD 


Q 

0 

Test 

Tank 

V 

ir 

m 

(i 

I'. 

(i 

e 

e 

Actual 

Theoretical 

Efficiency 

No. 

No. 

Cu.  Ft. 

Lb. 

Lb. 

Deg.  F. 

Deg.  F. 

Deg.  F. 

((a  to  /.) 
Sec. 

Sec. 

Heat 
Storage 

Heat 
Capacity 

Per  Cent 

1 

2 

s.,», 

93,909 

567 

222.3 

216.0 

205.0 

1.00 

88.2 

1,045,800 

1,637,280 

63.8 

2 

2 

UUl 

88.200 

567 

225.1 

216.2 

206.5 

1.85 

77.3 

871,257 

1,656.237 

52.6 

3 

2 

yji 

88,178 

567 

227.1 

219.3 

206.3 

2.08 

101.8 

1,164,132 

1,851,920 

62.8 

4 

•} 

893 

94,374 

567 

225.0 

214  2 

195.2 

3.21 

162.8 

1,814,245 

2,833,384 

64.0 

5 

o 

970 

89,363 

567 

227.2 

219.8 

210.3 

1.89 

77.4 

863.653 

1,524,939 

56.6 

6 

2 

979 

89,292 

567 

225.3 

212.8 

195.0 

1.87 

150.0 

1,612,865 

2,729,013 

59.1 

V  volume  of  receiver  spaces,  cu.  ft.;  W  weight  of  heat  absorbing  water /lb.;  m  pounds  of  steam  per  minute  from  the  regenerator;  tz  temperature  of  steam 
entering  the  regenerator,  deg.  fahr.;  k  final  temperature  of  absorbing  water,  deg.  fahr.;  tt  initial  temperature  of  absorbing  water,  deg.  fahr. ;  9  ((j  to  (•)  time 
iu  seconds  for  receiver  expansion  from  (j  to  /:;    6  {h  to  h)  time  in  seconds  for  regenerator  expansion  from  (i  to  (i. 


pui'po.ses.  Further  experiments  have  shown  that  with  the 
comparatively  small  quantity  of  steam  passing  unabsorbed, 
the  rate  of  steam  absorption  could  be  vastly  increased. 
There  is,  therefore,  no  well  defined  limit  to  the  steam  ab- 
sorption ;  with  increased  flow  more  is  absorbed,  but  the 
water  is  lifted  so  high  and  the  steam  passing  through  en- 
trains so  much  water  that  the  operation  of  the  turbine  be- 
comes dangerous.  A  considerable  amount  of  interesting  ma- 
terial which  cannot  be  abstracted  on  account  of  lack  of  space 
is  contained  in  the  discussion  which  followed  the  presenta- 
tion of  these  papers. 


Notes  on  Specifications  for  Regenerators,  0.  P.  Hood 
(7  pp.,  2  figs.,  ep).  As  a  result  of  some  e.xperience  in  test- 
ing a  regenerator  installation,  the  author  discusses  the  word- 
ing of  a  contract  for  this  class  of  apjiaratus.  One  of  the 
problems  in  establishing  the  specifications  for  regenerators 
is  that  of  defining  its  capacity.  A  definition,  "  the  capacity 
of  the  regenerator  plant  shall  be  sufficient  to  handle  the 
maximum  hourly  rate  of  delivery  (of  exhaust  steam)  to  the 
best  practical  advantage,"  is  entirely  too  indefinite  to  insure 
a  device  that  would  use  a  fair  proportion  of  the  waste  jjrod- 
uct  and  at  the  same  time  not  interfere  with  the  functions 
of  the  engine.  A  better  statement  would  be,  ''the  regenera- 
tor will  be  of  suflScient  size  to  operate  a  turbine  unit  of  the 
given  capacity  for  a  period  of  five  minutes  after  the  sup- 
ply of  steam  is  shut  off,"  but  some  provision  in  such  a  case 
has  to  be  made  as  to  how  long  previous  to  the  shut  off  the 
suijply  of  steam  shall  be  maintained.  A  statement  of  the 
following  kind  "  provided  the  supply  has  been  maintained 
for  a  sufficient  time  to  provide  as  many  heat  units  as  the 
containing  water  will  absorb  at  the  operating  pressure  "  is 
rather  unfair  to  the  buyer  of  the  apparatus  since  whether 
the  device  is  efficient  in  absorbing  heat  or  not,  the  wording 
demands  that  steam  shall  be  supplied  until  the  absorjation 
is  complete.  In  the  contract  which  the  author  had  especially 
in  view,  it  was  further  stipulated  that  "  an  automatic  re- 
lease valve  will  be  provided  to  allow  a  free  escape  of  the 
steam  when  the  pressure  exceeds  one  pound  above  the  pres- 
ent exhaust  pressure."  It  is  evidently  to  the  advantage  of 
the  regenerator  to  have  as  wide  a  range  of  pressure  as  pos- 
sible. Running  the  pressure  below  an  atmosphere  on  a  hoist- 
ing engine  may  be  objectionable  and  the  lower  regenerator 
pressure    was    therefore    limited    approximately    to    atmos- 


jjheric  pressure.  The  superior  pressure  allowed  on  the  re- 
generator adds  to  the  back  pressure  on  the  engine  and  this 
addition  increases  its  normal  steam  consumption  and  it  is 
between  these  narrow  limits  of  pressure  that  the  regenerator 
must  run.  With  increasing  back  pressure  there  comes  a  con- 
dition when  the  saving  at  the  exhaust  end  of  the  operation 
is  more  than  offset  by  the  cost  of  the  added  steam  needed 
by  the  main  engine  and  the  added  auxiliaries.  This  is  one 
of  the  reasons  why  some  plants  of  this  kind,  although  re- 
turning a  product  from  exhaust  steam,  are  unable  to  drop 
any  boiler  capacity  as  a  result  of  the  installation.  In  test- 
ing the  jDlant  it  was  found  that  the  apparently  simple  con- 
dition of  the  contract  that  there  should  be  ''  a  free  escape  of 
steam  when  the  pressure  exceeds  one  pound  above  the  pres- 
ent exhaust  pressure  "  proved  to  be  far  from  simple  in  de- 
termination since  it  made  it  necessary  to  determine  what 
the  old  back  pressure  was.  As  the  author  states,  there  may 
be  a  very  honest  difference  of  opinion  as  to  the  meaning  of 
the  phrase  "  back  pressure  "  and  also  several  poor  ways  of 
determining  what  it  is.  Some  of  these  poor  ways  the  au- 
thor describes.  The  most  satisfactory  method  of  determin- 
ing the  back  pressure  would  be  to  take  continuous  indicator 
diagrams  of  the  open  type,  using  a  light  spring  arranged 
with  a  positive  stop  so  that  pressures  beyond  the  range  of 
the  spring  would  not  injure  it.  The  average  back  pressure 
for  each  stroke  of  the  cycle  could  then  be  plotted  as  an  or- 
dinate with  the  number  of  the  stroke  as  a  base,  thus  giving 
a  curve  representing  the  many  back  pressures  through  the 
cycle.  Such  curves  obtained  under  different  conditions 
would  be  comparable  and  the  pressure  range  allowed  be- 
tween them  could  be  a  definite  matter  of  contract.  This 
method,  however,  requires  special  indicators  which  are  by 
no  means  common.  It  would,  therefore,  seem  to  be  desira- 
ble that  in  sijecifications  for  regenerator  installations  the 
method  of  determining  the  back  pressure  from  the  engines 
sliould  be  a  part  of  the  contract  as  well  as  the  allowed  addi- 
tion of  pressure  imposed  by  the  regenerator.  It  is  also  desir- 
able when  applied  to  the  exhaust  of  a  hoist  or  similar  en- 
gine, that  the  regenerator  pressure  be  automatically  adjusted 
according  to  the  load  on  the  turbine,  if  this  is  a  variable. 
Although  great  savings  can  be  made  by  the  use  of  regen- 
erators attached  to  hoisting  engines,  it  only  takes  small  ad- 
ditions of  back  pressure  in  connection  with  regenerators  of 
insufficient  capacity  to  change  an  apparent  saving  at  the 
e  haust  into  an  actual  loss  at  the  coal  pile. 
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PERSONAL   NOTES 

Cluiiles  L.  Pillsbury  lius  rei-ently  been  engaged  in  two  ap- 
praisal undertakings  with  Prof.  E.  W.  Bemis  of  Chicago, 
witli  whom  Mr.  Pillsbury  worked  on  tlie  IMiuneapolis  gas 
api)raisal,  one  of  these  at  Washington,  where  Mr.  Pillsbury 
is  at'ting  as  chief  engineer  in  charge  of  the  appraisal  of  all 
Ijublic  utilities  of  the  District  of  Columbia,  and  the  other  in 
Detroit,  where  the  street  railway  properties  are  being 
appraised. 

J.  R.  Bibbins  of  Chicago  has  been  engaged  by  the  law  de- 
partment of  the  City  of  Pittsburgh  in  an  advisory  capacity 
in  connection  with  i)roceedings  for  the  improvement  of  local 
transportation  conditions  in  that  city.  This  work  has  the 
support  of  the  city  administration  and  through  cooperative 
study  of  the  various  phases  of  the  problem  with  the  Rail- 
ways Company  an  attempt  will  be  made  for  an  operative 
service  standard,  for  scientific  re-routing  in  the  terminal  dis- 
trict, and  for  progressive  rehabilitation  of  the  j^roperty  until 
adequate  physical  condition  is  reached.  Tlie  matter  will 
then  be  referred  to  tlie  Public  Service  Commission. 

Thomas  H.  Mirkil,  Jr.,  has  resigned  as  vice-president  and 
general  manager  of  the  Poole  Engineering  &  Machine  Com- 
pany. Baltimore,  and  is  now  resident  manager  of  the  Tread- 
well  Engineering  Company  of  Easton,  Pa.,  with  an  office  at 
1011  Chestnut  Street,  Philadelphia. 

Chas.  S.  Mott,  president  of  the  Weston  Mott  Company, 
Flint,  Mich.,  and  ex-mayor  of  that  city,  was  recently  tend- 
ered a  dinner  in  celebration  of  his  return  from  a  trip  abroad, 
by  men  who  had  been  intimately  associated  with  Mr.  Mott 
in  the  development  of  local  industrial  enterprises.  The 
speakers  called  attention  to  Mr.  Mott's  efforts  in  the  direc- 
tion of  city  betterment  and  his  insistence  upon  the  applica- 
tion of  business  principles  in  nuuiicipal  affairs. 

Ralph  W.  Deacon  has  been  appointed  superintendent  of 
the  U.  8.  Metals  Refining  Company,  Chrome,  N.  J.  He  was 
formerly  associated  with  the  British  America  Nickel  Corpo- 
ration, Ltd.,  Niekelton,  Canada,  as  metallurgical  superin- 
tendent. 

William  H.  Smead  has  severed  his  relations  with  The 
Samuel  Austin  &  Son  Company.  Cleveland,  Ohio,  as  man- 
ager of  the  heating  and  equipment  department,  and  has 
opened  an  engineering  office  in  Cleveland,  Ohio,  making  a 
specialty  of  forced  hot  water  heating  systems  and  power 
house  plants. 

David  C.  Fenner  has  become  affiliated  with  the  General 
Vehicle  Company,  Inc.,  New  York.  He  was  until  recently 
ill  the  employ  of  the  International  Motor  Company,  New 
York. 

Jay  W.  Skiukle.  who  has  l)een  associated  witli  the  West- 
ern Electric  Company,  Chicago,  111.,  for  the  past  15  years, 
during  the  last  six  of  which  he  has  been  in  charge  of  the 
manufacturing  methods  department,  has  been  transferred  to 
the  European  organization  of  the  eomjiany  and  sails  for 
London  on  August  1.  Mr.  Skinkle's  work  will  be  on  the 
manufacturing  staff  with  headquarters  at  the  company's  fac- 
tory at  North  Woolwich,  London,  and  his  duties  will  require 
frequent  visits  to  the  manufacturing  plants  of  the  Western 
Electric  Company,  of  which  there  are  several  in  the  prin- 
cipal cities  of  Europe. 

Walter  N.  Polakov,  formerly  consulting  engineer  with  Day 
&  Zimmermann  of  Philadelphia,  Pa.,  is  now  associated  witli 
The  New  York,  New  Haven  &  Hartford  Railroad  Company, 
as  superintendent  of  power. 

Frederick  0.  Ball  has  resigned  as  general  manager  of  the 
American  Engine  and  Electric  Company  of  Bound  Brook, 
N.  J.,  and  will  engage  in  the  manufacture  and  sale  of  car- 
buretors with  his  father,  Frank  H.  Ball,  who  retired  from 
the  engine  business  last  year.  The  carburetor  liusiness  will 
be  conducted  under  the  firm  name  of  Ball  &  Ball,  with  head- 
quarters in  Detroit,  Midi. 


Dwight  0.  Barrett  has  accepted  the  position  of  superin- 
tendent of  the  Charles  City  Engine  Company,  Charles  City, 
la.  He  was  formerly  afliliated  with  the  Heer  Engine  Cotii- 
pany,  Portsmouth,  la.,  in  the  same  capacity. 

Gerald  E.  TerwiUiger  has  terminated  his  association  with 
Messrs.  Davis,  Donohne,  Thompson  &  Deitz,  and  will  con- 
tinue the  practice  of  patent  trade-mark  and  copyright  law 
at  50  Church  St.,  New  York,  in  association  with  Clifford  E. 
Dunn. 

Harry  J.  Klotz  has  resigned  his  position  as  assistant  in 
mechanical  engineering  at  Rensselaer  Polytechnic  Institute, 
Troy,  N.  Y.,  and  has  accepted  a  position  in  the  operating 
engineering  department  of  the  Illinois  Traction  System, 
Peoria,  111. 

William  Fowden,  recently  superintendent  of  the  U.  S. 
Portland  Cement  Company,  Concrete,  Colo.,  has  become  con- 
nected with  the  Dewey  Portland  Cement  Company,  Dewey, 
Okla.,  in  the  same  capacity. 

Allen  V.  Moyer  lias  accepted  the  position  of  mechanical 
engineer  with  the  George  T.  Ladd  Company,  Pittsburgh,  Pa. 
He  was  formerly  associated  with  the  Heine  Safety  Boiler 
Company  of  Phoenixville,  Pa. 

N.  N.  Williams  has  become  a  Junior  Member  of  the  firm  of 
E.  T.  Archer  &  Company  of  Kansas  City,  Mo.  He  was  until 
recently  affiliated  with  the  Harrisburg  Light  &  Power  Coni- 
jiany,  Harrisburg,  Pa.,  as  mechanical  engineer. 

James  U.  Norris,  formerly  connected  with  the  Rockefeller 
Institute  for  Medical  Research,  New  York,  as  assistant  man- 
ager, has  accepted  the  position  of  superintendent  of  the  New 
York  Polyclinic  Medical  School  and  Hospital,  New  York. 

EMPLOYMENT  BULLETIN 

Note:  In  sending  applications  stamps  should  be  en= 
closed  for  forwarding. 

The  .SecTetar.v  considci's  it  a  sin'iial  obligafiou  and  pU-asaut  duty  tci 
bu  the  medium  of  securing  positions  for  members,  and  is  pleased  to 
receive  requests  botii  for  positions  and  for  men.  Tlie  published 
notices  of  "  men  available  "  are  made  up  from  members  of  the  Soci- 
ety. Notices  are  Dot  repeated  e.xcept  upon  special  request.  Names 
and  records  are  kept  on  the  office  list  three  mouths,  and  if  desired 
inu.st  be  renewed  at  the  end  of  such  period.  Copy  for  the  Bulletin 
must  be  in  hand  before  the  12th  of  the  month. 

PO.SITIOXS  .VV-\  IL.\  RLE 

608  Engineer  or  draftsman  with  wide  experience  in  the 
construction  and  design  of  steel  cars  for  elevated  and  under- 
ground railroads,  wanted  for  employment  in  car  factory  in 
trermany;  traveling  expenses  paid,  and  only  slight  Itnowl- 
edge  of  German  language  required.     State  salary  expected. 

611  Salesman  for  Eastern  States,  for  thermo-dynamic 
apparatus  as  full  line  of  condensers,  reeooling  apparatus, 
feed  water  heaters,  air  and  oil  coolers,  air  heaters,  air  filters 
and  washers  for  generators.     Location  Boston. 

701  Young  engineer,  technical  training  with  experience 
in  devising  methods  of  reducing  costs  in  a  machine  shop 
building  medium  and  heavy  machinery.  Knowledge  of 
innnping  macliinery  desirable,  but  not  necessary.  Must  be 
tactful  and  have  ability  to  exhaust  the  possibilities  of  cost 
reduction  with  present  equipment  before  suggesting  pur- 
chase of  new.    Apply  by  letter. 

70:i  Foreman,  between  33  and  42  years  of  age.  for  ma- 
chine shop,  employing  normally  about  sixty  men,  and  man- 
ufacturing heavy  special  machine  tools  for  use  in  works, 
also  manufactured  products  entering  into  the  sales  product. 
Salary  will  be  fixed  according  to  ability,  experience  and  pos- 
sible competency  for  other  position  in  the  organization  of 
the  company.  Apply  by  letter.  State  age,  detail  of  school- 
ing and  previous  experience. 

704  Engineer  salesman  for  Chicago  territory,  for  thermo- 
dynamic apparatus,  such  as  full  line  of  condensers,  recool- 
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ing  apparatus,  feed  water  heaters,  oil  ami  air  coolers,  air 
lieaters,  air  filters  aud  turbo-generators. 

705  Young  man  of  analytic  turn  of  mind  and  with  gift 
of  "  trading  marbles  "  wanted  in  sales  department  for  paper 
mill  lines  of  middle  west  concern.    Apply  by  letter. 

706  Cost  man  to  have  actual  charge  of  time  and  as  as- 
sistant to  superintendent  of  concern  in  middle  west,  manu- 
facturing power  pumps  and  paper  mill  macliinery.  Apply 
by  letter. 

707  Man  to  take  charge  of  designing  and  engineering 
work  of  railroad  motor  cars  and  some  kindred  lines.  Would 
prefer  one  who  has  had  some  experience  in  railroad  work. 
Location  Michigan. 

709  Representation  wanted,  notably  in  Philadelphia, 
Pittsburg,  St.  Louis,  Kansas  City  and  Omaiia,  by  mechanical 
engineers  who  are  established  with  their  own  offices  aud  will 
be  able  to  take  up  the  handling  of  the  "  Productograph." 

713  Graduate  engineer  to  take  responsible  charge  in  the 
field  of  a  modern  steam  shovel  jilant,  consisting  of  shovels, 
locomotives,  cars,  etc.,  of  company  operating  in  anthracite 
coal  region.  Applicant  must  have  some  experience  with 
steam  shovels,  familiarity  with  tlieir  mechanism  and  capa- 
bilities.   Present  salary  $200  ])er  month. 

Mi:X    AVAII.Ar.I.K 

11-800  Member,  technical  graduate,  desires  position  as 
chief  draftsman,  mechanical  engineer,  or  designer  of  steam 
pumps,  simplex  or  duplex;  several  years  exjierience  design- 
ing, testing  and  erecting.    At  present  employed. 

H-801  Superintendent  capable  of  handling  large  machine 
shops,  foundries  and  manufacturing  plants;  wide  experience 
on  high  grade  work,  good  executive,  has  organized  and  com- 
pletely equipped  large  modern  shops. 

H-802  Mechanical  engineer.  Junior,  thoroughly  familiar 
with  machine  tools  and  specialties,  bridge,  structural  and 
pipe  contract  work  desires  commission  agencies.  Located  on 
the  Pacific  coast. 

H-803  Graduate  mechanical  engineer,  two  years  outside 
experience  of  varied  nature,  desires  position  as  instructor; 
prefers  laboratory  or  steam  power  plant  work.  Can  furnish 
best  references. 

H-804  Technical  graduate  in  mechanical  and  electrical 
engineering,  six  years  shop  experience  and  four  years  as 
traveling  salesman,  desires  to  represent  a  first  class  company 
in  Philadelphia  or  vicinity  as  manufacturers'  agent. 

H-805  Member,  technical  graduate,  age  35,  wide  experi- 
ence in  design  and  application  of  steam  and  compressed  air 
machinery,  at  present  engaged  in  successful  independent  con- 
sulting practice,  would  consider  regular  employment  with  a 
view  to  permanent  association  with  an  aggressive  and  re- 
sponsible concern ;  would  iiualify  as  engineer  in  purchasing 
or  plant  departments  of  industrial  or  mining  properties. 

H-806  Member,  graduate  M.E..  over  25  years  experience 
in  his  line,  owing  to  slightly  detective  hearing,  wishes  to 
change  to  a  field  of  work  in  which  this  will  not  be  a  hin- 
ilrance  to  efficiency  and  advancement,  as  research,  experi- 
ment, testing,  inventions,  patents,  designs,  development  work, 
examinations,  investigations,  reports,  office  or  field,  or  with 
consulting  engineer,  company  or  corporation. 

H-807  .Junior,  wide  experience  in  steam  turbine  power 
l>hints,  electric  railway  and  lighting  properties,  eliminating 
operating  difficulties,  reducing  costs,  securing  new  business 
in  positions  of  chief  and  electrical  engineer,  desires  position 
as  salesman  of  electrical  or  steam  e(|uipnient.  Prefers  posi- 
tion in  Middle  States  or  Middle  \Vcst  ;  iki  objection  to 
traveling. 

11-808  Purdue  University  gradimte.  '03,  who  has  for  sev- 
eral years  specialized  on  research  and  development  work,  de- 


sires position  with  firm  requiring  investigation  of  engines, 
machinery  or  materials  of  construction. 

H-809  Member,  technical  graduate,  age  33,  experienced 
as  chief  draftsman  and  as  manager  of  engineering  and  draft- 
ing de|)artments  in  manufacturing  lines,  desires  position  as 
mechanical  engineer  or  assistant  to  superintendent  or  man- 
ager. 

11-810  Member,  age  30,  technical  graduate  in  mechanical 
engineering,  seven  years  practical  experience  in  engine  and 
heavy  machinery  design,  desires  position  of  responsibility 
with  progressive  concern  or  consulting  engineers  engaged  in 
the  manufacture  of  prime  movers  and  heavy  machinery,  or 
desisrninu:,  construction  and  operation  of  power  plants.  Sal- 
ary >206-.$225. 

H-811  Member,  M.  I.  T.  graduate,  age  40,  eight  years 
experience  structural  design  and  as  superintendent,  eleven 
years  varied  and  valuable  experience  in  mechanical  design 
and  manufacture,  including  four  years  in  turbine  design, 
specialty  of  stresses  and  smaller  mechanisms,  desires  posi- 
tion where  this  experience  can  be  applied.  At  present,  safety 
assistant  for  large  corporation.  Kew  England  location  pre- 
ferred. 

H-812  Mechanical  engineer,  technical  graduate,  age  30, 
desires  responsible  position.  Thorough  knowledge  of  all 
types  of  pumps  and  pumping  machinery,  gasoline,  and  oil 
engines,  steam  engines  and  sugar  house  machinery,  also 
drawing  room,  erection  room  and  engineering  department 
experience  in  large  pump  manufacturing  company;  sugar 
plantation  work  in  Mexico  and  sales  engineer  in  Brazil. 

H-813  Member,  technical  graduate,  age  33,  ten  years  ex- 
perience in  light  metal  manufacturing  and  foundry  work; 
thoroughly  familiar  with  modern  and  economic  methods  of 
shop  management,  seeks  position  as  superintendent,  prefer- 
ably with  large  company.  Salary  $5000.  At  present  em- 
ployed. 

H-814  Junior,  age  38,  sales  engineer,  experienced  in  han- 
dling high-grade  power  transmission  and  mechanical  special- 
ties, desires  to  represent  manufacturer.  Eastern  or  middle 
west  preferred. 

H-815  Junior,  age  23,  graduate  mechanical  engineer  of 
Columbia  University,  one  year  practical  experience,  desires 
position  as  assistant  to  manager  or  superintendent  in  indus- 
trial concern.    Location  immaterial. 

H-816  Junior,  age  31,  married,  12  years  experience  heat- 
ing and  ventilating,  estimating,  drafting  and  machine  design, 
five  years  residential  engineer  for  well  known  company, 
executive  ability,  capable  of  taking  entire  charge  of  design 
and  specifications  for  heating  and  power  plants,  purchasing 
of  equipment  and  materials,  desires  position  with  reliable 
concern  or  consulting  engineer  with  chances  for  advance- 
ment.    At  present  employed. 

H-817  Mechanical  engineer,  technical  graduate,  15  years 
shop  and  mill  experience,  desires  important  position  as  plant 
engineer,  or  would  consider  taking  an  interest  with  services 
in  small  manufacturing  enterprise  turning  out  mechanical 
goods. 

H-818  Member,  technical  graduate,  age  32.  nine  years 
experience  in  design  and  testing  of  steam  turbines  and  cen- 
trifugal air  compressors,  including  blast  furnace  compres- 
sors, desires  a  position  where  this  experience  will  be  of  value; 
unusual  experience  hi  turbine  research  work,  during  last 
three  years  has  determined  the  leading  dimensions  and  tested 
a  complete  line  of  turbines  100  to  2500  kw,  capacity. 

H-819  Mechanical  engineer,  ten  years  experience  with  re- 
sponsible firms  in  hoisting  and  conveying  machinery,  cement 
plants,  general  mnnut'acturing  and  maintenance,  office,  shop 
and  field. 

H-820  Cornell  graduate.  28,  married,  seven  years  expe- 
rience as  machinist,  tool  maker  and  master  mechanic,  desires 
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position    teaching    experimental    engineering,    mechanics    or 
physics  in  or  near  New  York.     At  present  employed. 

H-821  Member,  mechanical  engineer,  age  38,  married,  14 
years  experience  in  design,  construction  and  operation, 
wishes  position  with  cement  manut'aetnring  company  witli 
chances  of  advancement;  recently  superintendent  of  a  large 
plant;  salary  moderate. 

H-822  Member,  graduate  M.  E.,  15  years  experience, 
seven  years  in  connection  witii  manufacture  and  sale  of  me- 
dium and  heavy  weight  machinery  as  responsilile  executive 
assistant  to  high  officials ;  duties  have  included  pushing  out 
products,  systematization,  analysis  of  costs,  short  cut  esti- 
mates, general  office  management  and  sales;  interested  in 
similar  position  or  one  connected  with  manufacturing  or 
sales  department  exclusively. 

H-823  Member,  wide  experience  in  shop  and  office,  five 
years  confidential  aid  to  consulting  engineer,  having  general 
charge  of  drafting  room  and  design  of  railway  and  lighting 
j30wer  plants,  special  apiiaratus,  etc.,  handling  reports,  spec- 
ifieations  and  correspondence,  wants  responsible  position  as 
engineer  with  operating  company,  manufacturing  concern  or 
consulting  engineer. 

H-824  .Junior,  age  27,  technical  graduate,  live  years  ex- 
perience in  automobile  factory  building  high  priced  cars,  de- 
sires position  as  assistant  superintendent  or  manager. 

H-825  Member,  managing  sales  engineer,  open  for  eon- 
tract,  has  handled  successfully  well  known  accounts  accept- 
ing all  responsibility  of  the  entire  office ;  diplomatic  and  pro- 
gressive, broad  acquaintance  in  the  manufacturing,  engineer- 
ing and  contracting  field.     Location  New  York  and  East. 

H-826  Member,  graduate  M.  I.  T.  in  mechanical  engi- 
neering, post  graduate  course  in  electrical  engineering,  wide 
experience  in  design  and  construction  of  machinery  and 
buildings,  manufacturing,  systematizing  and  accounting,  de- 
sires permanent  position  in  New  York. 

H-827  Member,  age  40,  18  years  engineering  experience, 
six  years  of  which  have  been  buying  and  inspecting  machin- 
ery and  supplies,  desires  position  as  purchasing  agent;  have 
been  buying  at  lowest  prices  for  resale  to  largest  consumers 
and  can  reduce  costs. 

H-828  Member,  mechanical  engineer,  desires  responsible 
position;  14  years  experience  in  power  plant  work,  heating, 
ventilating,  mill  engineering  and  factory;  executive  ability; 
best  references. 

H-829  .Junior,  age  27,  graduate  mechanical  engineer,  de- 
sires position  with  engineering  firm  or  in  industrial  plant: 
four  years  experience  in  general  plant  work  in  design  and 
construction  of  machinery  and  buildings;  one  year  with 
boiler  concern,  also  shop  and  testing  experience.  At  pres- 
ent employed. 

H-830  Student  Member,  1914  M.  E.,  graduate  of  middle 
west  university,  experience  on  practically  every  type  of  farm 
machinery,  wishes  position  as  apprentice  or  shop  workman 
in  factory  that  specializes  in  improved  farm  machinei-y. 

H-831  ilember,  age  33,  11  years  general  experience  in 
design  and  construction  of  mill  buildings,  furnaces,  boiler, 
machinery  and  mechanical  equipment  of  power  ]dants,  struc- 
tures for  conveying,  elevating  and  storing  coal,  ores  and 
other  materials.  Has  acted  as  chief  draftsman,  superin- 
tendent of  construction,  mechanical  engineering  and  manu- 
facturing ])lants.  Position  desired  along  these  lines;  location 
immaterial  but  jjrefer  middle  ^Vest. 

ACCESSIONS  TO  THE  LIBRARY 

With  Commexts  by  the  Librariax 

This  list  includes  only  accessions  to  the  library  of  this  Socirty. 
Lists  of  accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  i;. 
can  be  secured  on  request  from  Calvin  W.  Hire.  Secretary  Am.  Soc. 
M.  E. 

Abhandluxgen"  uxd  Berichte  iJBEi!  Techxisches  Schul- 
WESEXT.     Vol.  5.     Arheiten  auf  dem   Gebiete  des  Tech- 


nischen  XocliscJndiceseii.'i.    Bcrliii,  I'Jll.    Oift  of  Verein 
deutscher  Ingenieure. 

ACHT    VORLESUXOEX   L'BER    ThEORETISCHE   PhYSIK    GEHALTEN 

AX  DER  Columbia  Uxivkrsity  ix   the   City  of   New 
York  ix  Fruhjahe  1909,  Max  Planck.    Leipzig,  1910. 

AiiERiCAX  Associatiox  OF  DEMURRAGE  OFFICERS.  Proceed- 
ings of  the  25th  annual  convention,  1914.  St.  Louis, 
1914.    Gift  of  Association. 

Americax  Maxufaoturers  Export  Associatiox.  Proceed- 
ings of  4th  annual  convention,  1913.  New  York,  1913. 
Gift  of  Association. 

American  Railway  Associatiox.  Proceedings  of  session 
held  in  New  York  City,  May  20,  1914.  Gift  of  Asso- 
ciation. 

American  Railway  Exgineerixg  Association.  Manual, 
1911.     Chicago,  1911. 

American  Society  op  Swedish  Engineers.  List  of  Mem- 
bers May  15,  1914.    Brooklyn,  1914.    Gift  of  Society. 

American  Water  Works  Association.  Proceedings  of  the 
33d  annual  convention,  1913.  Troy,  1913.  Gift  of  As- 
sociation. 

Atlantic  Deeper  Waterways  Association.  6th  annual 
convention,  1913.  PhiJadelphia,  1913.  Gift  of  Asso- 
ciation. 

Automatic  Sprinkler  Protection,  Gorham  Dana.  Boston, 
1914. 

Boston  Metropolitan  Water  and  Sewerage  Board.  13th 
annual  report.    Boston,  1914.     Gift  of  the  board. 

Bridges  of  New  York  City,  R.  K.  Thomson.  Reprinted 
from  Engineering  Magazine,  September-October,  1909. 
Gift  of  author. 

Computations  for  Marix^e  Engines,  C.  H.  Peabody.  New 
York,  1913. 

Design  and  Constructiox  of  Oil  Engines,  with  an  ap- 
pendix on  marine  oil  engines,  A.  H.  Goldingham.  ed. 
4.    Neio  York,  1914. 

DiESELMOTOREN.     A.  Riedler.     Vienna,  1914. 

The  Elasticity  and  Endurance  of  Steam  Pipes.  C.  E. 
Stromeyer.  London,  1914.  Gift  of  Master  Steam  Users' 
Association. 

Electric  Touring,  presenting  a  number  of  electric  automo- 
bile tours  in  New  York,  New  Jersey  and  Connecticut. 
New  York  Electric  Vehicle  Association.  Gift  of  As- 
sociation. 

ExGixEERS  Handbook  op  tables,  charts  and  data  on  the 
applicatiox  of  cextrifugal  pans  and  fan  system 
AXD  motors,  air  washers,  hot  blast  heaters  axd 
systems  of  air  distributiox.  Published  by  Buffalo 
Forge  Company.    Buffalo,  1914. 

Extwerpen  uxd  Berechxen  von  Heizungs  uxd  Luptuxg- 
sanlagen,  Otto  Wieprecht.    ed.  4.    Halle  a  S.,  1910. 

Erecting  and  Operating:  An  educational  treatise  for  con- 
structing engineers,  macliinists,  millwrights  and  master 
builders,  William  Rogers.     New  York,  1913. 

Ergebniss  der  Beratuxgen  des  DeutscSen  Ausschusse? 
FUR  Techxisches  Schutlwesen  ijber  Hochschul- 
PRAGEX.  Berlin,  1914.  Gift  of  Verein  deutscher  In- 
genieure. 

Fittixg  and  Erecting  of  Engines,  C.  L.  Browne.  Mmi- 
chester,  1914. 

Foundations  of  Bridges  and  Buildings,  H.  S.  Jacnl)v  and 

R.  P.  Davis.    New  York,  1914. 
ZuR  Geschichte  der  Drahtseilschwebebahnex%  Franz  M. 

Feldhaus.    Berlin,  1911. 

Handbuch  der  Ingexieurwissenschaften.  pts.  3,  5.  Leip- 
zig, 1914. 

Heat,  E.  M.  Shea'ly.    New  Yorh,  1914. 

HoiSTiXG  Machixery  for  the  Handling  of  Materials,  T 

Iv.   Thomson.     Reprinted   from   Engineering  Magazine. 

Gift  of  author. 
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Hydraulic  Tables,  G.  S.  Williams  aud  Allen  Hazen.  ed.  2. 
New  York,  1911. 

Illinois  Society  op  Engineers  and  Surveyors.  Twenty- 
ninth  annual  report,  1914.  Wheaton,  1914.  Gift  of 
the  society. 

Illinois  Water  Supply  As.sociation.  Proceedings  of  6th 
meeting,  1914.     Urhana,  1914. 

In.sulated  Return  Feeder  System  for  Mitigating  Elec- 
trolysis Installed  by  the  United  Railways  Com- 
pany op  St.  Louis,  Mo.,  in  the  Ann  Avenue  Substa- 
tion District,  Report  on.  Mav,  1914.  Gift  of  S.  S. 
Wyer. 

International  (15th)  Congress  on  Hygiene  and  Desi- 
Ogr.u'iiy.  Washington,  Sept.  23-28,  1912.  Transac- 
tions, vol.  1,  pt.  1-2;  vol.  5,  pts.  1-2;  vol.  6.  Washing- 
ton, 1913. 

Konden.swassek-Ableiter,  Deutsche-Englische,  Ameri- 
KjVnische.  Praktischb  Ratschlage  fur  Damppkes- 
selbesitzer,  Robert  Wagner.    Leipzig,  1911. 

Lectures  Delivered  at  the  Johns  Hopkins  University 
in  May,  1914,  L.  G.  MePherson.    Baltimore,  1914. 

Die  IVIaschixex-elemente  ihre  berechnung  und  kon- 
struktion,  C.  Bach.    ed.  11,  bd.  I.    Leipzig,  1913. 

Modern  Packing  House,  F.  W.  Wilder.  Chicago,  1905. 
Gift  of  Hunt  Memorial  Fund. 

MuNCHEN-TeCHNISCHEN    HocIISCHULE.      BeRICHT   i'BER    DAS 

STUDIENJAHR,  1912-1913.     Munich,  1914.     Gift  of  Tech- 

nisehen  Hoehschule. 
Program  1913-1914.     Munich,  1914.     Gift  of  Teeh- 

nischen  Hoehschule. 
New  Orleans  Sewerage  and  Water  Board. 

rejjort   28th,   1913.     New   Orleans,   1913. 

board. 
NTew  York  Metropolitan  Sewerage  Commission.    Report, 

1914.     New  York,  1914.     Gift  to  the  commission. 
Oil  Fuel  for  Steam  Boilers,  R.  T.  Strohm.     New  York, 

1914. 

Poor's  Manual  of  Public  Utilities,  1914.  New  York, 
1914. 

Power  and  Power  Transmission,  E.  W.  Kerr.  ed.  3.  New 
Tork,  1914. 

Practical  Pattern  Mj^king,  F.  W.  BaiTows.  ed.  2.  New 
York,  1914. 

Schubstangen  und  Kreuzkoppe,  H.  Frey.    Berlin,  1913. 

Scientific  Determination  of  the  Merits  of  Automo- 
biles, A.  Riedler.    London. 


Semi-annual 
Gift  of  the 


"  The  Shipbuilder  "  Annual  International  Number, 
1914.    Neiccastle-upon-Tyne,  1914.    Gift  of  Shipbuilder. 

Slide-Rule  Notes,  H.  C.  Dunlop  and  C.  S.  Jackson.  Lon- 
don, 1913. 

Society  for  the  Promotion  op  Engineering  Education. 
Proceedings  of  21st  annual  meeting,  vol.  21.  Ithaca, 
1914.    Gift  of  Society. 

Spinnerei  und  Weberei,  Georg  Lindner.    Karlsruhe. 
Strength  of  Materials,  H.  E.  Murdock.    New  York,  1911. 
Technical  Thermodynamics,  Gustav  Zeuner,  translation  by 
J.  F.  Klein,     vols.  1-2.     ed.  2.    New  York,  1908. 

trade  catalogues 

Aerotiirust  Engine  Co.,  Chicago,  111.  The  Aerothrust  for 
the  mechanical  propulsion  of  rowboats,  canoes  and  small 
sailing  craft.  The  Aerothrust  for  the  mechanical  pro- 
pulsion of  bicycles,  ice  craft,  wind  wagons,  etc. 

Bacharach,  Herman,  Pittshiirgh,  Pa.  Catalog  B.  Hydro 
volume  and  pressure  recorders. 

Consolidated  Expanded  Metal  Co.,  Pittsburgh,  Pa.  Steel- 
crete  guards,  .S4  pp.     L^niversal  slab  computer. 

Garrett,  Richard,  &  Sons,  Leiston,  England.  The  "Gar- 
rett '•'  superheated  steam  semi-stationary  engine. 

Johns-Manville,  H.  W.,  Co.,  Cleveland,  Ohio.  J-M  Roof- 
ing salesman.  May  1914. 

Link  Belt  Co.,  Philadelphia,  Pa.  Book  no.  190.  AVagon 
and  truck  loaders,  1914. 

North  Western  Expanded  Metal  Co.,  Chicago,  III.  Ex- 
panded metal  construction,  June  1914. 

Otis  Elevator  Co.,  Neu-  York,  N.  Y.  Escalators,  35  pp.; 
hand  power  elevators,  28  pp. ;  incline  railways,  27  pp. ; 
Inclined  elevators,  32  pp.:  residence  elevators;  traction 
elevators,  23  pp.;  gravity  spiral  conveyors.  Description 
of  following:  Ceiling  machine  with  motor  direct  con- 
nected; double  belt  ceiling  type  machine;  double  screw 
alternating  current  machine  with  full  magnet  controller; 
electric  sidewalk  hoist  with  hand  rope  control:  hydraulic 
plunger  sidewalk  hoist;  plunger  passenger  elevator  level 
control ;  shigle  screw  direct  current  electric  elevator 
switch  control:  standard  hydraulic  elevator  vertical 
cylinder  geared  type;  traction  elevator  overhead  type 
direct  current  switch  control :  duplex  geared  traction 
elevator  overhead  type  switch  control :  single  geared 
traction  elevator  overhead  type  switch  control. 

Pacific  Flush-Tank  Co.,  Chicago,  III.  MiUer  ai)pliances. 
designed  for  sewage  disposal.  Catalog  no.  15,  auto- 
matic air-lock  apparatus  for  flushing  sewers  and  han- 
dUng  sewage.     Watertight  sewer  joint  compounds. 
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THE  WARNER  &  SWASEY  COMPANY 

Works  and  Main  Office:   CLEVELAND 

Branch  Offices:     NEW  YORK        BOSTON        BUFFALO        DETROIT    and    CHICAGO 


UNIVERSAL  HOLLOW-HEXAGON  TURRET  LATHES 


TURRET  SCREW  MACHINES 


BRASS-WORKING  MACHINE  TOOLS 


Universal  Hollow- Hexagon  Turret  Lathes 

Equally  efficient  for  both  Bar  and  Chucking  work 


TWO  highly  efficient  machines  in  ONE — combining  the 
rapidity  and  accuracy  of  the  Turret  Lathe  and  the  simpli- 
city and  adaptability  of  the  Engine  Lathe. 


Two  independent  tool  carriages — operating  simultaneously; 
multiple  cutting  tools ;  geared-head  single  pulley  drive  ; 
great  strength,  rapidity  and  adaptability. 


TWO  SIZES— No.  2-A— Bar  work  2K"x26";  castings  and  forgings  12" 
No.  3-A — Bar  work  3H"x36";  castings  and  forgings  15" 


No.  2A — With  "Bar  Equipment" 


No.  2A — With  "Chucking  Equipment" 


The  lower  Illustration  shows  a  set  ol 
4  of  the  100  Bristol  Pyrometers  used 
by  one  of  the  largest  steel  companies 
In  the  world.  tJsPd  In  couneciion  with 
a  Bristol  Recorder,  either  the  present 
temperature  or  any  variation  In  tem- 
perature for  24  hours  can  be  seen  at 
a  elance.  It  makes  no  difference 
whelhtryour  furiiaci'a  are  old  or  new. 
Bristol  Pyrometers  help  improve  your 
product 


ONE  HUNDRED 

BRISTOL  PYROMETERS 

USED   BY  ONE   FIRM.     WHY? 

Because  after  giving  years  of  careful  study  to  the  heat  treatment  of  metals,  they  have 
found  them  indispensable  in  obtaining  the  best  results  at  the  minimum  cost.  When  the 
largest  steel  plants  in  the  world,  the  people  who  do  nothing  but  devise  and  apply  the  very 
best  methods  for  the  heat  treatment  of  metals,  use  Bristol  Pyrometers,  why  don't  you  ? 
Send  for  our  Bulletin  No.  C-1400.     It  will  help  you  decide. 

Waterbury,  Conn. 


THE    BRISTOL    COMPANY 


BRANCH  OFFICES  : 


114  Liberty  Street. 
New  York 


1670  Frlck  Building  Annei 
Pittsburgh 


953  Monadnock  Block 
Chicago 


Experience— Integrity— Capital 


Three  very  important  factors  in  the  manufacture  of  highly  efficient  Turret  Lathes. 

Three  items  which  figure  strongly  in  the  manufactiu'e  of  Jones  &  Lamson  Turret 
Lathes. 

With  a  record  of  more  than  half  a  century  as  specialists,  designing  and  building 
Turret  Lathes  of  the  highest  type;  an  enviable  reputation  for  prompt  and  fair  dealing, 
and  sufficient  capital  to  exploit  every  suggestion  in  the  wa>-  of  improvement,  we  have 
developed  the  commerciall>-ideal  Turret  Lathe. 

In  the  Jul\-  issue  of  the  Journal  of  the  American  Society  of  Mechanical  Engineers 
we  explained  how  nine  changes  of  feed  ranging  from  20  to  120  per  inch  could  be  obtained 
by  a  slight  shift  of  a  single  controlling  lever;  how  the  gear  feed  mechanism,  in  the  hands 
of  others,  has  stood  a  test  which  astonished — even  us. 


In  this  grueling  test  over  half  a  million  changes  of  feed  w^re  made  without  even  so 
much  as  the  removal  of  a  single  part  for  repair;  furthermore,  the  mechanism  was  appar- 
ently in  good  condition  at  the  end  of  that  period. 

Now,  allow  for  rough  handling  of  new  and  inexperienced  operators,  neglect  of  proper 
lubrication,  the  continuous  grind  this  mechanism  is  subject  to,  and  mmierous  other 
hardships,  then  take  a  pencil  and  make  note  of  this  phenomenal  test,  and  when  a  new 
Turret  Lathe  is  under  consideration,  refer  to  this  matter  and  purchase  on  the  well  known 
conservative  basis — elimination  by  comparison. 

The  brief  outline  and  drawing  on  the  next  page  will  explain  why  this  phenomenal 
test  was  possible. 


Positive  Feed  and  Precision  Stops 

The  section  drawing  below  shows  the  feed  controUing  mechanism  and  the  simple 
but  accurate  stopping  device,  found  only  on  Jones  &  Lanison  Machines. 
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HEAD  RCMOVCD  TO  SHOW 


A  slight  shift  of  lever  No.  571  (see  drawing  for  part  numbers)  actuates  a  double 
wing  cam  No.  578  which  in  turn  actuates  two  levers  connecting  with  separate  shafts, 
each  carrying  an  arm  C-208  for  shifting  the  gears  and  obtaining  nine  feeds  ranging  from 
20  to  120  per  inch,  shown  on  the  "feed  indicator"  C-272.  The  change  gears  in  the  "feed 
gear  box"  are  subject  to  severe  duty,  even  in  the  hands  of  a  skilled  operator,  but  this  has 
been  provided  for  by  special  heat  treated  gears,  specially  designed  for  rapid  change  work, 
and  partly  submerged  in  oil. 

Controlling  lever  No.  571  has  another  function,  that  of  the  action  of  rod  No.  569 
which  actuates  rod  No.  567.  On  one  end  of  rod  No.  567  a  small  eccentric  actuates  the 
adjustable  "tension  releasing  head"  C-257  which  in  turn  acts  on  a  series  of  friction  discs 
C-204  and  104  which  have  a  very  important  function  in  effecting  a  positive  and  accurate 
stop  for  the  Cross  Sliding  Head. 

When  the  Cross  Sliding  Head  has  been  arrested  by  striking  one  of  the  "cross  feed 
stop  bars,"  instead  of  the  release  and  rebound  action  peculiar  to  other  types  of  feed  and 
stop  mechanism,  these  friction  discs  perform  the  important  duty  of  holding  the  head  or 
carriage  firmly  against  the  stop,  perfectly  rigid,  effecting  an  accurately-finished  shoulder 
on  the  work. 

This  is  the  simplest  and  most  efficient  feed  and  stop  device  for  machines  of  this  type, 
and  is  but  one  of  the  many  features  which  characterize  the  Jones  &  Lamson  Turret 
Lathes.  Its  simplicity  of  construction  makes  it  indestructible.  Its  mechanical  principle 
makes  it  most  efficient. 


JONES  &  LAMSON  MACHINE  COMPANY 

Springfield,  Vermont,  U.  S.  A.,  and  97  Queen  Victoria  Street,  London,  E.  C. 

Germany,  Holland.  Switzerland  and  Austria-Hungary:  M.  Koyemann.  Charlottenstrasse  112,  Dilsseldorf.  Germany. 
France.  Spain  and  Belgium:  F.  .'\uberty  &  Co.,  91  Rui  de  Maubeuge,  Paris.    Italy:  W.  Vogel,  Milan. 


Drying   Problems 
May  Confront  You 


Our 


Vacuum    Drying  Apparatus 

removes  moisture,  at  lowest  temperature,  rapidly,  thoroug"hly, 
uniformly,  economically.  Thirty  years  of  experience  in  this 
one   field  of   activity  cannot   help  but   be   of  value  to  you. 


The    thousands    of    installations  in  daily  operation  and  the  many 
repeat  orders  are  the  best  evidence  of  our  claims  to  be  of  service. 

J.  P.  DEVINE  CO. 


1372  Clinton  Street 


Buffalo,  N.  Y. 
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Some    of    the    Universities 
"Lea"   Equipped 


Dartmouth  College, 
Lelaud  Stanford.  Jr..  Univprsity. 
University  ol  Michigan. 
University  or  Minnesota. 
University  of  Illinois. 
University  oI  Pennsylvania, 
University  of  West  Virginia. 
George  Peabody  College, 
Dundee  Technical  School 


^ 


Universities  Also 
Standardize  with  the  "Lea" 

In  addition  to  the  universal  use  of  the  "Lea"  V-Notch  Recording 
Meter  by  big  power  plants  everywhere  for  the  measurement  of  boiler 
feed,  condenser  discharge  and  other  liquid  flow,  this  instrument  is  also 
a  part  of  the  regular  engineering  laboratory  equipment  of  a  large 
number  of  leading  colleges  and  universities  both  here  and  abroad.  The 
photnt;raph  shows  the 

LEA'^d^otdi 

Recording  Liquid  Meter 


Brief    Advantages    of    the 
"Lea"     Recording     Meter 

1.  Continuous,  charted  records  of 
flow. 

2.  Guaranteed  accurate  within  1^2^. 

3.  Acciirac>-  unaffected  by  changes  in 
temperature  or  velocity  of  flow^;  by 
dirt,  s:ale  or  sediment. 

4.  Can  be  checked  accurately  while 
running. 

5.  No  moving  rarts  in  path  of  flow. 

6.  Through  e  'u  ative  a-^d  moral 
effect,  ijives  iiureaaed  clJicer.cj  of 
entire  power  plant. 


*'Log  Book  of  the  Power  Plant" 

in  the  Mechanical  Engineering  Laboratory  of  the  University  of  Illinois. 

This  meter,  which  is  of  200,000  lbs.  per  hour  capacity,  has  a  steel  tank  and  is 
provided  with  a  multiple  V-Notch  plate  with  three  V-Notches.  90'',  ^2  90°.  an'i 
H  QO*'.     The  ^2  and  }i  90°  Notches  give  a  larger  float  movement  and  therefore 
greater  accuracy  when  only  small  flows  are  being  measured. 

The  fact   that  these  big  universities  consider  a  knowledge  of  the  "Lea" 
Meter  essential  to  the  thorough  education  of  the  men    entering  practical 
engineering  work,  is  splendid  evidence  of  the  necessary  part  "L^a"  Meters 
will  play  in  the  efficient  power  plant  of  the  future. 

The   new  "Lea"  catalog,  an  83   page  textbook  on  power  plant  water 
measurements,  is  just  coming  off  press.    We  must  have  your  name  and 
address  in  ord  r  to  send   you  a  copy.      Write  for   it   to-day.     No 
obliftal  on,  of  course. 


# 


v^ 


Yarnall-Waring  Company 


^^~ 


Mermaid  Ave.,  Chestnut  Hill,  Philadelphia 
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Profit  Payin 

Smoke  Stacks 

(^MIMNEYS     cost    money    and    waste 
money    because    they    require    a    high 
temperature  of  the  flue  gases  in  order  to 
produce  the   necessary  draft. 

Do  you  realize  that  by  installing  a 

Green's  Fuel  Economizer 

>ou  can  recover  enough  heat  from  the  chimney  flue  gases 
to  cover  the  operation  of  a  Green's  Mechanical  Draft 
Fan  and,  in  addition,  pay  good  di\idends  upon  the  in- 
vestment in  Economizer  and  Fan? 

In  other  words,  you  save  outright  the  first  cost  and  annual 
charges  upon  the  chimney,  since  the  Economizer  Fan  and  short 
steel  stP.ck  are  more  than  self-supporting,  that  is,  profit  paying. 

vnd  besides,  the 

Green's  Mechanical  Draft  Fan 

will  enable  you  to  utilize  your  present  boiler  equipment  to  better 
advantage,  that  is,  to  get  more  steam  without  adding  more  boilers. 

Recent  developments  have  demonstrated  that  the  most  economical  rate  at 
which  to  drive  boilers  is  from  150  to  200%  of  the  nominal  rating.  The  coefficient 
of  heat  transmission  increases  with  the  velocity  of  the  gases,  and  by  adopting 
the  two-stage  method  of  steam  production,  that  is,  using  the  boiler  to  supply  the 
latent  heat  of  evaporation  and  the  economizer  to  bring  the  cold  feed  water  up  to 
the  evaporating  temperature,  the  total  amount  of  surface  required  can  be  reduced 
and  the  efficiency  improved  at  the  same  time.  This  is  largely  due  to  the  fact  that 
the  Economizer  is  more  effective  in  abstracting  heat  from  the  gases  of  combus- 
tion than  is  the  last  pass  of  the  boiler,  due  to  the  lower  temperature  of  the  con- 
tents of  the  Economizer  and  the  consequent  greater  temperature  difference 
between  water  and  gases,  as  compared  with  the  boiler. 

The  use  of  mechanical  draft  enables  you  to  realize  the  benefits  from  this  mode 
of  procedure  to  the  greatest  advantage  and  at  the  same  time  to  burn  the  cheapest 
grade  of  fuel.  It  also  gives  you  full  control  of  steaming  capacity  in  all  conditions 
of  wind  and  weather  and  enables  you  to  meet  overloads  promptly  and  adequately. 

Would  you  be  interested  in  a  Treatise  that  we  have  recently 
published  on   this  subject  ?      Ask  for  pamphlet  M.  E.-108. 

The  Green  Fuel  Economizer  Co. 

Matteawan,  N.  Y. 

New  York  City,  Boston,  Chicago,  Atlanta, 
San  Francisco,  Los  Angeles,  Seattle, 
Salt  Lake  City,  Montreal. 

Engineers:  Builders  of  Green's  Fuel  Economizers, 
Fans,  Blowers  and  Exhausters,  Steam  Air  Heater 
Coils.  Waste  Heat  Air  Heater>,  Mechanical  Draft, 
HeatinR  and  Ventilating  and  Dr>*ing  Apparatus. 
Draft  Dampers  and  Engines. 


Firing  Cost  Must  Be   a  Prime 
Consideration  in  Power  Plant  Design 


This  fact  is  sometimes  overlooked  in  the  effort  to  construct  a 
plant  of  minimum  first  cost  and  requisite  capacity.  But  boiler 
room  labor  cost  may  mount  so  enormously  with  some  systems  of 
combustion  as  to  add  very  seriously  to  station  operating  expense. 

LABOR  ECONOMY  is  another  respect  in  which 


shows  its  advantage  over  other  steam  making  systems. 

For  instance,  3  batteries  of  2-650  h.p.  boilers  each,  TAYLOR  STOKERED,  may 
easily  be  cared  for  by  one  man  through  all  variations  of  load  ( this  is  a  very 
conservative  estimate),  which  at  a  rate  of  30c.  an  hour  figures  $7.20  as  the 
labor  cost  for  the  six  boilers.  \  like  number  of  hand-fired  boilers  will  require 
4  men  in  each  of  the  shifts  including  the  two  daily  peaks,  and  at  least  two 
men  in  the  slack  shift,  figuring  $24.00  as  the  day's  labor  cost. 

The  hand  fired  boilers  can  probably  not  be  operated  to  produce  more  than 
125f  (  rating  at  peaks,  or  4825  h.p.,  while  the  TAYLOR  STOKERED  boilers  can 
easily  produce  300' ,  rating,  or  11,700  h.p.,  making  the  labor  cost  per  produced 
horse-power  with  the  TAYLOR  STOKERS  less  than  one  ninth  that  with  the 
hand  fired  system,  and  the  ratio  for  the  whole  day  would  probably  be  as  one 
to  five. 

Of  course  this  is  a  hypothetical  case,  and  as  an  estimate  for  a  whole  plant  omits 
the  6  boilers'  share  of  firing  supervision,  but  it  shows  rather  accurately  the 
proportion  in  labor  economy,  and  explains  how  a  moderate  sized  plant,  like 
the  Hartford  Electric  Light  Company,  for  instance  (5,000  h.p.),  has  been  able 
to  save  over  $17,000  a  year  in  labor  costs  alone  by  a  change  to  TAYLOR  STOKERS. 

From  the  above  data,  figure  what  the  saving  would  be  in  a  large  sized  plant,  and 
write  our  Stoker  Department  for  details. 

American  Engineering  Co. 

Philadelphia 


"INGERSOLL-ROGLER" 


AIR  COMPRESSORS  \S^ 


'^.X.' 


This  shows  the  high  pressure  air  end  of  the  class 
"PRE,"  direct  connected,   electrically   driven    type 


INTERCOOLER 

It  has  a  very  large  cooling  area. 
Multiple  circulation  of  cooling 
water  results  in  its  economical 
use  and  greatest  cooling  effect. 
Bafifle  plates  break  up  the  flow 
of  air  and  prolong  its  contact 
with  the  cooling  surfaces.  Tubes 
are  nested,  permitting  expan- 
sion and  contraction  without 
leakage. 

MOISTURE  TRAP 

The  moisture  trap  is  located 
between  the  intercooler  and 
the  high  pressure  cylinder.  All 
air  passes  through  it  before 
entering  the  cylinder.  A  bafiHe 
cap  deflects  the  air  before  pass- 
ing into  the  cylinder,  causing 
entrained  moisture  to  be  trap- 
ped, provision  being  made  for 
draining.  This  results  in  the 
delivery  of  practically  dry  air 
to  the  cylinder. 

JACKETING 

The  cylinders  are  water  jack- 
eted on  barrel  and  heads.  As 
head  jacketing  is  most  im- 
portant, the  air  coming  in  con- 
tact with  the  head  throughout 
the  entire  stroke,  the  value  of 
the  "  Ingersoll-Rogler  "  con- 
struction is  apparent. 

AUTOMATIC 

CLEARANCE  CONTROLLER 

It  operates  independent  of  the 
running  gear  and  economically 
regulates  the  compressor 
through  five  stages  (full,  three- 
quarter,  half,   quarter  and   no 
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load)  by  varying  the  a  lount  of 
clearance.  The  reduction  in 
power  secured  is  practically  in 
direct  proportion  to  the  reduc- 
tion in  load. 

SIMPLICITY 

The  valve  is  a  simple  disc  of 
steel  with  large  ports.  There  is 
an  entire  absence  of  valve  gear 
or  other  outside  mechanism. 

DURABILITY 

The  life  of  the  valve  is  long, 
due  to  the  use  of  high-grade 
material,  an  extremely  low  lift 
and  the  valve  lightness.  It  is 
quickly  accessible  by  removing 
a  bonnet  on  the  cylinder.  There 
is  nothing  to  wear  but  the 
simple  disc  of  steel,  the  cost  of 
which  is  small. 

IT  IS  ABSOLUTELY 
NOISELESS 

GENERAL  EFFICIENCY 

Friction  is  practically  elimi- 
nated, resulting  in  the  highest 
mechanical  e  ficiency.  The 
valve  being  light  and  of  low 
lift  requires  very  little  power 
to  open  it.  Its  construction 
and  action  insure  the  main- 
tenance of  an  absolutely  tight 
seat.  It  is  admirably  adapted 
to  low  as  well  as  high  pres- 
sures, and  equally  efficient  at 
low  and  high  speeds. 

"Ingersoll-Rogler"  means  high- 
est over-all  compressor  effi- 
ciency. 


DRIVING   END 

The  rotor  of  motor  is  pressed  and  keyed  on  the  main  shaft  between  the  main  frames.  These  frames  are  of 
rigid  design  and  enclosed,  dirt-  and  dust-proof,  provided  with  automatic  flood  lubrication  that  is  depend- 
able, economical  and  efficient.      The  entire  dri\ing  end  is  in  keeping  with  the  superior  air  end  design. 

Bulletin  3024  Upon  Request 

INGERSOLL-RAND    COMPANY 


New  York 
RIVETERS  and  CHIPPERS 


Offices  the  World  Over 

AIR  HOISTS 


London 
DRILLS 
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Insist  on  This  Point 


Specify  the  Low  Voltage  Release  and  g-et  the  benefits  of  the  most 
modern  method  of  controlling-  squirrel  cag"e  induction  motors. 

The  Low  Voltage  Release  throws  the  compensator  to  the  off  position 
whenever  voltage  fails. 

Fuses  are  saved  and  men  as  well  as  the  machines  are  protected  because 
the  return  of  voltage  finds  every  compensator  switch  in  the  "off"  position 
— and  the  motor  cannot  start  until  the  operator  performs  the  usual  starting 
operations. 

Other  Advantages  of  the  G-E  Compensator 

1.  The  handle  of   the  CR-1034  compensator  can- 
not be  left  in  starting  position. 

2.  The  handle  cannot  be  moved  to  running  posi- 
tion without  first  going  to  the  starting  position. 

3.  Switches  are  oil   immersed,    thus   eliminating 
sparking  and  insuring  long  life  of  contacts. 


4.  Compound  treatment  of  the  coils  makes  them 
practicalh'  water-proof. 

5.  0\erload    relays  open   the  circuit    in    case   of 
overload. 

6.  The  overload  relay  is  supplied  with  an  enclosing 
cover,  making  the  entire  equipment  fire-proof. 


G-E  Industrial  Control  can  be 
furnished  for  the  practical  and 
economical  operation  of  any 
motor  anywhere. 
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Call,  write  or  telephone  our 
nearest  office  for  further  details 
and  special  information  on  our 
exchange  proposition. 


Overload  relay  panels  are    furnished  with  an 
enclosing   cover 


General  Electric  Company 


Atlanta.  Ga. 

Baltimore,  Md. 

Birmingham,  Ala. 

Boise.  Idaho 

Boston,  Mass. 

Buffalo.  N.  Y. 

Butte.  Mont. 

Charleston.  W.  Va. 

Charlotte.  N.  C. 

Chattanooga.  Tenn. 

Chicago.  111. 

Cincinnati,  Ohio 

For  Texas, 
El  Paso.  H. 


Cleveland,  Ohio 
Columbus.  Ohio 
Dayton.  Ohio 
Denver.  Colo. 
Des  Moines.  Iowa 
Detroit.  Mich. 
(Office  of  Agent) 
Elmira.  N.  Y. 
Erie.  Pa. 

Fort  Wayne.  Ind. 
Hartford.  Conn. 
Indianapolis,  Ind. 
Oklahoma  and  Arizon 
ouston  and  Oklahoma 


Largest  Electrical  Manufacturer  in  the  World 

General  Office,        Schenectady,  N.  Y. 
ADDRESS     NEAREST     OFFICE 


Jacksonville,  Fla,  /0i^         ^^^  Angeles.  Cal. 

Joplin.  Mo.  ^vffS        Louisville.  Ky. 

Kansas  City.  Mo.  Wlwl/         Memphis.  Tenn. 

KnoxviUe.  Tenn.  ^S^  Milwaukee,  Wis. 

I  business  refer  to  ?outli\ve.'5t  General  Electrii   Company  (for 
City      For  Canadian  business  refer  to  Cinarlian  Geneml  l-;i<< 


Minneapolis.  Minn. 
Nashville.  Tenn. 
New  Haven,  Conn. 
New  Orleans,  La. 
New  York.  N.  Y. 
Niagara  Falls.  N.  Y. 
Omaha.  Neb. 
Philadelphia,  Pa. 
Pittsburg,  Pa. 
Portland,  Ore. 
Providence.  R.  L 
Richmond.  Va. 
nierly  Hobson  Ele*  tri' 
trie  Cijmpany,  Lt'd 


Rochester,  N.  Y. 
St.  Louis,  Mo. 
Salt  Lake  City,  Utah 
San  Francisco.  Cal. 
Schenectady.  N.  Y. 
Seattle.  Wash. 
Spokane.  Wash. 
Springfield.  Mass. 
Syracuse.  N.  Y. 
Toledo.  Ohio 
Washington.  D.  C. 
Youngstown,  Ohio 
c  Co.),  Dallas, 
roronto.  '  'nt.  4  1.50 
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Horizontal  Form  Vertlc;il  Form 

COCHRANE  STEAM  SEPARATORS 


TO 

STEAM  TURBINE 
USERS 


•!•  •  Steam  as  delivered  from  the  boiler 
ordinarily  contains  i,  2  or  3%  of  moisture, 
and  there  is  sometimes  moisture  present  after 
passing  through  a  superheater.  Even  a 
small  amount  of  moisture  is  efficiently  re- 
moved by  the  Cochrane  Steam  Separator. 

^  •  Wet  steam  wears  turbine  blades,  and 
with  wear  the  efficiency  falls  off  progressively. 

Cy  •  Considering  that  renewal  of  the  blades 
will  cost  as  much  or  more  than  a  good 
steam  separator  like  the  Cochrane,  is  it  good 
engineering  to  leave  the  separator  out?  And 
as  each  pound  of  moisture  results  in  the 
consumption  of  an  extra  pound  of  good  steam, 
will  not  a  separator  soon  pay  for  itself  .■* 

^y  •  \  Cochrane  Separator  is  a  regular  and 
necessary  part  of  an  efficient  turbine  in- 
stallation. Its  purchase  is  also  justified  by 
the  protection  which  it  gives  the  turbine 
against  slugs  of  water,  pieces  of  packing, 
bolts,  nuts,  etc. 


^  •      Send     for 
Their  Uses." 


Steam     Separators     and 


HARRISON   SAFETY 
BOILER    WORKS 

3199  N.  17th  ?« 
PHILADELPHIA,  PA. 


Davis 
Pressure 
.  Regulators 
Save 
Steam 


Save  Steam 


Using  a  higher  steam  pressure  on  your 
auxiliaries  than  is  necessary  is  like  oper- 
ating your  engine  on  a  high  back  pres- 
stire — it  is  wasteful. 

Every  pound  reduction  in  pressure  that 
you  can  make  saves  a  certain  amount  of 
fuel.  In  most  plants  there  are  many 
places  where  less  than  boiler  pressure  can 
be  used,  and  steam  saved,  if  proper  use  is 
made  of  the 

Davis  Pressure  Regulator 

Here  is  a  device  that  saves  steam  and  works 
automatically.  You  simply  set  it  to  make  deliv- 
ery at  the  required  pressure  and  no  matter  what 
the  boiler  pressure  may  be  or  how  much  it  varies, 
the  Davis  Regulator  will  maintain  a  constant 
reduced  pressure. 

This  valve  is  simple  in  construction — it  does 
its  work  well  and  it  lasts.  Tell  us  your  needs 
and  we  will  let  you  have  a  valve  to  test  in  your 
own  plant.  If  not  satisfactory  in  every  respect, 
return  it  and  you  will  be  under  no  obligations 
to  us. 

G.  M.  Davis  Regulator  Co, 

439  Milwaukee  Avenue 
CHICAGO 


New  York         Pittsburgh 
Philadelphia 


San  Francisco 
Boston 


MAKERS  of  VALVE  SPECIALTIES  SINCE  1875 
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|p?-75% .  Efficiericys 


POPPET  VAlvVE 

:^^:.  -ENGINE**-:^; 


A  RECORD  performance  was  made 
■^  ^  on  the  acceptance  test  of  the 
Nordberg  Cross  -  compound  Poppet 
Valve  Engine  built  for  the  U.  S.  Metals 
Refining  Co.,  Grasselli,  Ind. 

This  engine,  illustrated  above,  has  Nordberg 
Poppet  Valves  on  the  high-pressure  cylinder 
and  Nordberg  Corliss  Valve  with  full  stroke 
gear  on  low-pressure  cylinder. 

On  test  with  155  lbs.  boiler  pressure,  76° 
superheat  and  26"  vacuum,  this  engine  showed 
an  economy  of  11. 015  lbs.  per  horse  power 
hour,  which  corresponds  to  75.3%  efficiency, 
as  compared  to  the  theoretical  or  Rankine 
cycle  efficiency. 

Nordberg  Poppet  Valve  Engines  have  been 
built  for  over  20  years.  Some  of  the  first 
Poppet  Valve  Engines  are  still  in  operation. 

They  are  liuilt  in  all  sizes,  simple  or  compound , 
condensing  or  non-condensing.  Compound 
Engines  have  Poppet  Valve  high-pressure 
cylinders  and  Corliss  Valve  low-pressure 
cylinders. 

For  further  information  write  for    our    Bulletin    25 


NORDBERG 


NORDBERG  MFG.  CO. 


Milwauk 


ee 


Wisconsin 


MACHINERY 


Manufacturers  of  High  Efficiency  Corliss 
Engines;  Uniliow  Engines;  Poppet  Valve 
Engines;  Air  Compressors;  Blowing  En- 
gines;   Hoisting   Engines;    Pumping   En- 

t^inci;  anrl  other  mnrhinor\".  n 


Forty  Years^ 
Experience 
in  Building 
Special  Machines 

tor  knitting  mills,  paper  making,  wood 
working  and  nearly  every  other  kind  of 
])urpose  has  fitted  us  to  help  you  solve 
your  own  problems. 

Let  us  build  your  special  machine  or 
contract  machine  work  in  our  large 
modern  factory.  The  methods  and  tools 
which  we  employ  insure  rapid  production 
of  accurate  work  at  a  reasonable  cost. 

We'll  relieve  you  of  every  detail  of 
the  manufacturing  end,  leaving  you  free 
to  devote  your  time  to  the  sales. 

A  trial  order  is  solicited 

Estimates  gladly  furnished  from  blueprints 

Write 

We   hold  all  Plans  and   Execute   all 
Work  in  Strict  Confidence 

C.  H.  Cowdrey  Machine  Works 

FITCHBURG,  MASS. 


Contractors,    Builders    and    Designers 
of  Special  Machinery 
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The  Lagonda 

Automatic  Cut-Off  Valve 

Is  the  Circuit  Breaker 

of  the  Boiler  Plant 

Just  as  the  circuit  breaker  protects  electrical 
apparatus,  the  Lagonda  Automatic  Cut-off 
Valve  protects  your  boilers  and  steam  apparatus 
against  accidents  and  sudden  disastrous  over- 
load. It  isolates  trouble  and  prevents  explo- 
sions due  to  improper  paralleling  of  boilers.  It 
is  the  accurate  gauge  which  tells  when  boilers 
are  at  the  proper  pressure  to  be  thrown  in  on 
the  line  and  it  does  this  automatically. 

The  bursting  or  drawing  of  a  boiler  tube  from 
the  tube  sheet  will  immediately  close  the  valve, 
removing  the  injured  boiler  from  the  line  so  that 
it  will  not  interfere  with  the  operation  of  the 
remainder  of  the  plant. 

The  Boiler  Insurance  Companies 

recom  iiend  automatic  cut-off  valves  and  the 
results  of  U.  S.  Government  tests  on  Lagonda 
Cut-off  Valves  have  proved  most  favorable  for 
their  adoption. 

Our  new  Bulletin  contains  information 
worth    having.      Send    for   copy    now. 


aoSTDH  PHILADClfKA. 

ST  LOUIS,  oscua  OCTTWn 


SANnuNCBCB  I 

nUJL  HOKTREAl-  LOHOCM  | 


Makers  of  Weinland  Boiler  Tube  Cleaners,  Automatic  Cut- 
Off  Valves   Repeating  Machines,  Boiler  Tube  Cutters 

and  Water  Strainers  227 


There  is  only  one  genuine 
"Jenkins"  Valve.    It's  the 

JENKINS 
BROS. 

and  it  bears  this 
Trade  Mark 


Jenkins  Bros.  Valves  are  made  in 
all  types  and  for  all  pressures  and 
purposes. 

Jenkins  Bros.  Standard  Pattern 
Valves,  brass  and  iron  body,  are  the 
original  renewable  disc  valves.  In- 
stead of  a  solid 
metal  clapper  they 
contain  a  disc 
holder  made  of 
brass  or  other  suit- 
able material,  and 
a  removable  disc 
of  a  softer  mate- 
rial. The  Jenkins 
Disc  adopts  itself 
to  inequalities  in 
the  seat,  thus  in- 
suring    perfect 

tightness.  If  the  disc  is  injured,  or 
becomes  worn  out  in  service,  it  may 
be  easily  replaced,  thus  making  valve 
as  good  as  new  at  very  little  expense. 
The  complete  valves  seldom  wear  out 
in  service.  There  are  numerous 
places  where  Jenkins  Bros.  Valves 
installed  25  to  40  years  ago  are  still 
in  service.  Engineers  have  often  test- 
ified that  Jenkins  Bros.  Valves  out- 
last all  others  with  which  they  have 
had  experience. 

Let  us  send  you  catalog  illustrating  the  complete  line 

The  Diamond 

Trade  Mark 

Is   Your   Protection 

Jenkins  Bros. 

New   York,  Boston,  Philadelpliia,  Chicago 

Jenkins  Bros.,  Limited,  Montreal,  P.  Q.,  London,  E.G. 
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A  De  Laval 

Centrifugal 


Is  the  mcjst  ecuiioniical  means  of 
supplying  water  where  electric 
power  is  cheaply  obtainable. 
A    synchronous    motor,    as 
shown  in  the  illustration, 
is  highly  efficient  and  im- 
proves the  voltage  reg- 
ulation and  efficiency 
of  the  electrical  dis- 
tribution    system; 
thus,    such    units 
are  accepted    at 
low  rates  by  the 


electric     com- 
panies.    The 
characteristics 
of  the  pump 
are  such    as 
to     permit 
easy  start- 
ing of  the 
motor. 


.\J1 
De  Laval 
Centrifugal 
Pumps    are 
guaranteed    as 
to    efficiency, 
workmanship  and 
materials,    and   are 
thoroughly    tested 
to  determine  that  the 
guarantee  has  been  ful- 
lilled.     They  are  simple 
in    construction    and   can 
be   taken   care  of  by  unskilled 
labor.     All  parts  subject  to  wear 
are    interchangeable    and    can    be 
quickly  and  cheaply  renewed.    The 
interior  of  the  pump  is  at  once  ac- 
cessible upon  lifting  the  casing  co\er. 

If   you   arc   interested    in    pumping    matters, 
si^nd  for  our  new  300-page  Treatise  1^58. 

DE  LAVAL 

Steam    Turbine   Co. 

Trenton  '^^  N.  J. 


OE  LAVA 


RE-COOLING 
CONDENSING  WATER 

A  high  \acuum  w'ith  the  least  amount  of  con- 
densing water  is  only  obtained  with  con- 
densing water  of  low  temperature,  and  where 
purchased  from  the  city  or  the  natural  sup- 
ph'  is  limited,  the  best  means  of  re-cooling 
the  condensing  water,  cooling  the  jacket  water 
of  oil  or  gas  engines,  etc.,  is  by  the   use  of 


Recent  installation  of  Koerting  Low  Pressure  Re-cooling  Nozzles  at  the 
LOUISVILLE  COTTO.X  MILLS,  LOCIi\'lLLE.  KV. 

Koerting  Low  Pressure 
MULTI-SPRAY  NOZZLES 

which  is  a  double  effect  nozzle.  It  breaks  the 
water  up  into  the  finest  particles,  not  like  in- 
efficient constructions  where  a  full  stream  of 
water  mixes  with  atomized  water  resulting  in 
big  drops.  The  atomization  in  the  Koerting 
IVIulti-Sjiray  Nozzle  is  perfect. 

The  life  of  such  a  spray  cooling  plant  is 
considerably  longer  than  cooling  towers, 
operation  cheaper  than  cooling  towers,  and 
there  is  little  or  no  cost  for  repairs. 

]]'nlc  lodav  for  a  cop\  of  our  Catalogue  b-B 

SCHUTTE  &  KOERTING  CO. 

1239-57  North  12th  St.  Philadelphia 

New  York,  so  Church  St.  Chicago,  Security  Bldij. 

Boston,  132  High  St.  Pittsburgh,  Keenan  Bldg. 

Denver,  ist  Nat.  Bank  Bldg.  Cleveland,  New  England  Bldg. 

Kansas  Cit\-.  Burton  Machy.  Co. 
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THE 


AIR  PUMP 

For  Large  Turbine  Units 


Do"5ells"  Bearings 
Save  Power? 


T^NEHMEBItHNPnii&TEXTUE  fo 
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BoapaetruHy  youa. 


THE  Wheeler  Turbo  Air  Pump  is  particularly  suited 
for  condensers  of  io,ooo  k\v.  and  up,  because  the 
hurlingwater  is  discharged  around  the  entire  periphery 
of  the  impeller,  in  small  radial  jets,  and  large  air  en- 
training capacity'  is  obtained.  The  air  is  positively 
entrapped  between  small  layers  of  water,  the  com- 
pressed mixture  being  finally  discharged  into  a  casing 
surrounding  the  dififuser. 

Under  ordinary  air-tight  working  conditions,  when  the  con- 
denser air  in  leakage  is  small,  the 

WHEELER 
Turbo  Air  Pump 

will  maintain  a  vacuum  of  99%  of  the  theoretical. 

For  surface  condensers  a  combined  air  and  condensate  pump 
is  preferred  by  some  engineers,  and  this  arrangement  is  shown  in 
the  illustration.  Air  and  condensate  enter  the  pump  by  a  com- 
mon suction  nozzle,  and  are  separated  within  the  pump,  the  air 
flowing  over  the  division  w-all  to  the  periphery  of  the  hurling 
water  impeller  and  the  condensate  flowing  by  gravity  to  the  eye 
of  the  condensate  impeller. 

This  pump  saves   floor  space 

piping',  attendance  and  power 

For  further  information  on  Wheeler  Turbo 
Air  Pumps,   send  for  our   new   Bulletin    111 

WHEBLER 

Condenser    and     Engineering    Co. 
CARTERET  ii8  NE^W   JERSEY 


A  Drop  from  10^ 
to  4J  Horsepower 

t^IFTY-seven-and-one-eighth  per  cent,  less 
power  needed  to  do  the  work  a  week 
after  "Sells"  Roller  Bearings  were  applied! 
This — the  experience  of  the  American  Pad  & 
Textile  Company — is  only  one  of  the  hundreds 
of  instances  where  "Sells"  Bearings  are  cut- 
ting the  cost  of  manufacture.  And,  as  we 
will  show  in  another  letter,  this  saving  im- 
proves from  year  to  year  wilhoui  a  single 
cent  of  repair  cost.  Let  us  analyze  your 
proposition  now — no  obligation,  and  an  op- 
portunity for  big  savings.  Don't  fail  to  write 
for  the  facts. 

Royersford    Foundry    &    Machine   Co. 

60  N.    5th  St..      -       -     Philadelphia,    Pa. 


i-'--^ 
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THE   SOOT   CLEANER   THAT    SWEEPS 
•  THE  TUBES  CLEAN 

IT'S  THE 

I    VULCAN  SOOT 
I  CLEANER 


The  internal  pipes  REVOLVE,  producing  a  sweep- 
ing effect  that  removes  ALL  the  soot  instantly  and 
leaves  the  heating  surface  perfectly  clean. 

It  is  the  SOOT  CLEANER  used  by  such  power  plants  as  the  Detroit-Edison  Co., — 
The  Cleveland  Electric  Illuminating  Co., — ^The  United  Gas  Improvement  Co.,  Phila. — 
The  United  Electric  Lt.  &  Power  Co.,  201st  Street  Station,  New  York  City — The 
Potomac  Electric  Power  Co.,  Washington — The  Chicago  and  North  Western  Ry.  Co., 
and  thousands  of  other  up  to  date  plants. 

Our  book  "  Economical  Steam  Production"  gives  full  details  of  the 
VULCAN  SOOT  CLEANER  as  applied  to  all  types  of  boilers.  It  is 
an  interesting  book  especially  written  for  Mechanical  and  Operating 
Engineers.     We  will   send   a  complimentary  copy  upon  request. 

G.  L.  SIMONDS  &  CO.,  228  So.  La  Salle  St.,  Chicago 


TRANSVERSE  SECTION— REAR  VIEW 

MurpHy  Iron  WorKs 

Pittsburg  Chicago         Detroit         New  York  Buffalo 


Murphy 

Automatic 
Smokeless 

Furnaces 

STATISTICS  STATE 

that  about  lO'^h  of  the  thirty 
million  dollars  worth  of  coal 
burned  under  power  boilers 
each  year  in  the  U.  S.  is 
wasted. 

Murphy  Automatic  Furnaces 
burn  all  g-rades  of  bituminous 
coal  without  smoke  and  with- 
out waste — and  that  W^c   is 


sa 


ved. 


Send  for  the  Catalog 
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WHAT  IS  A  GOOD  FEED  WATER  METER  CHART? 


The  engineer  of  a  large  boiler  plant  in 
New  York  City  says  "My  boys  take 
pride  in  obtaining  a  good  \'enturi  Meter 
Chart."  The  illustration  opposite  is  a 
reproduction  from  an  actual  chart  made 
at  No.  I  Boiler  Plant  of  the  Vacuum 
Oil  Company,  Olean,  N.  Y. 

A  4  inch  Venturi  Meter  with  T>-pe  M 
Register- Indicator- Recorder  not  only 
checks  the  evaporative  efficiency  of  the 
boiler  plant  and  the  grade  of  coal  being 
supplied,  but  also  the  work  of  the  fire- 
men and  water  tenders  in  maintaining  a 
rate  of  boiler  feed  as  constant  as  the 
somewhat  fluctuating  load  permits.  A 
Venturi  Meter  can  do  as  much  in  your 
plant. 

Bulletin  No.  68-A  is  yours  for  the 
asking.     Just  write. 

BUILDERS  IRON  FOUNDRY 

"Builders  of  the  Wvituri" 
PROVIDENCE,  R.  I. 

NEW  YORK  CHICAGO  SAN   FRANCISCO 

PORTLAND  SEATTLE 


NOONm 


For  High  Vacuum 

You  can  realize  the  highest  possible  effi- 
ciency in  your  condensing-  equipment 
with  the  aid  of  this  remarkable 

Rotary  Air  Pump 

The  operation  depends  upon  a  rotary  piston  and  bal- 
anced relief  valves.  No  valves  are  contained  on  the 
suction  side.  Steel  shaft  runs  in  high  grade  ball  bear- 
ings, resulting  in  exceedingly  low  friction  losses. 

Clearance  is  practically  eliminated,  enabling  the 
pump  to  create  a  vacuum  as  high  as  0.3"  mercury 
absolute. 

May  be  mounted  on  the  same  shaft  with  circulating 
and  hot  well  pumps,  the  whole  forming  an  ideal  com- 
pact pump  group  which  may  be  driven  by  steam  tur- 
bine, \ertical  engine  or  electric  motor. 

Used  in  some  of  the  largest  up-to-date  plants  in  con- 
junction with  our  Counter  Current  Rain  and  Surface 
Condensers. 

Write  for  catalog  and  full  particulars  now 

General  Condenser  Co. 


1250  N.   12th  St. 


Philadelphia 
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I.  P.  MORRIS  COMPANY 


PHILADELPHIA,  PA. 


Specialists  in  the  Design  and  Construc- 
tion of  High  Class^  High  Power ^  and 
High  Efficiency  Hydraulic  Turbines 


Illustration  shows  one  of  six  turbines  designed  and 
built  for  the  Laurentide  Company  Ltd.,  Grand  Mere, 
P.  Q.,  Canada.  Unit  is  of  the  single  runner,  vertical 
shaft  type,  with  cast  iron  pit  liner.  Volute  casing  and 
draft  tube  are  formed  in  the  concrete. 

The  I.  P.  Morris  Company  have  built  or  have  under 
construction  turbines  of  this  type  aggregating  472,700 
horse-power. 

Inquiries  for  turbines  requiring  special  design  will  be  20,000  h.  p.  turbine 

, ,         ,  ■  Head  76  feet.   '  "  Speed  120  R.  P.  M. 

given     every     attention.  Most  powerful  Turbines  of  this  Type  ever  built 


THE   NASH  ENGINE 


-^^ 


For  27  years  the  leader 

in  Vertical  Gas 
Engine  Design 


Specially  adapted  for 

Electric  Generation 
Water  >VorKs 

and  high  grade 
Po>ver  Plants 


National  Meter  Company 


CHICAGO 


NEW  YORK 


BOSTON 
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HAMILTON  CORLISS 

Horizontal  Crank  and  Fly  Wheel  Pumping  Engines    ' 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the 
annealed  steel  casting  decks  in  such  manner  that  the  flow  of  water  is  not  deflected 
in  all  directions,  as  is    necessarily  the    case    when    the    bee-hive    or   cage  system  is  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known 

and  are  sold  on  their    operating  record. 

Send  for  Bulletin   "F" 

THE  HOOVEN,  OWENS,   RENTSCHLER  CO. 

HAMILTON,  OHIO,  U.  S.  A. 


iiiaaBsmiiwaiiiiimiiiL 


FULTON 

Oil  and  Steam  Engines 

Are  Backed  by  Our  Reputation  for  Reliability 
"Sixty  Years  of  Successful  Manufacturing" 

We  build  our  machinery  complete  in  our  own  plant.  Long-  ex- 
perience has  demonstrated  the  proper  materials  to  be  used  in  our 
casting-s  and  our  workmanship  is  of  the  hig-hest  class. 

FuIton=Tosi  Oil  Engines,  Diesel  Type 

Fulton=Corliss,  Medium  and  High  Speed  Engines 

Write  for  Oil  Eijgine  Bulletin  ''A." 

FULTON  IRON  WORKS 

1259  Delaware  ST.  LOUIS,  MO. 

•  !:*,iiii,;i«iii[isasi,o«i«»aij»;ia'aaniaBii^  ■■■■■lliiiliBitiiaBimiiiiaiiiiBai^ 
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LUNKENHEIMER  BLOW-OFF  VALVES 

Made  in  Bronze  and  Iron  Bodj'  Bronze  Mounted.  Either  Straight- 
way or  Angle  Pattern  can  be  furnished.  All  patterns  equipped  with 
self-cleansing  seat  feature,  insuring  the  greatest  durability-. 

Besides  the  above,  the  large  and  complete  line  of  Lunkenheimer 
high  grade  engineering  specialties  includes  Bronze  and  Iron  Body 
Bronze  Mounted  Globe,  Angle,  Cross,  Check,  Throttle,  Gate,  Non- 
return Boiler  Stop,  Lever,  Pop  Safety,  Relief,  Screw  Down  Check 
\'al\es,  etc.;  "Puddled"  Semi-steel  and  Cast  Steel  \'alves  of  all  types; 
Water  Columns,  Gauges  and  other  Boiler  Mountings;  Whistles  and 
Ground  Ke\-  Work  of  all  descriptions;  Injectors  and  Ejectors;  Lubri- 
cators and  Lubricating  Devices;  Oil  Pumps,  Oil  and  Grease  Cups; 
Gasoline  Engine  Appliances,  etc. 

Your  local  dealer  can   furnish   tJiem;  if  not,  write  us. 

A  complete  description  of  the  entire  line  is  given  in  Lunkenheimer 
Catalogue   Xo.  50.      If  \-ou   haven't  a  ropv,  write  for  one. 

IHE  LUNKENHEIMER  £2; 

••QUALITY" 
Largest  Manufacturers  of  High   Grade  Engineering  Specialties  in  the   World 


CINCINNATI,  OHIO 

New  York  -         -  Chicago  -        -  Boston 


London 


l5-4b 


FLEXIBILIT 


From  a  salesman's  report,  dated  Dec.  8,  1913: 


•|  . 


Mr. 


superintendent  of  the 
plant,    advised   that   the   Goodrich 
Conveyor  Belt  recently  furnished   them 
is  one  of  the  most   satisfactory  belts  he 
has  ever  handled;    it  runs  so  absolutely 
true   that  he  has  removed  ©very  guide 
idler  from  the   installation. 

{IIV  »■///  jiirnii-f'  iinuir  »>f  this  ]>l(jnt  vpi>t\  rr'iufst^ 


Makers  of  Goodrich  Tires 
and  Everything 
that 's  Best  in  Rubber 


Factories: 
Akron,  Ohio 


inmnrmiiEii 

reduce  tonnage  costs 

The  B.  F.  Goodrich  Company 


There  is  nothing  in 

Goodrich  Advertising  that 

isn't  in  Goodrich  Goods 


Branches  in  All 
Principal  Cities 
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Reducing  the  Pay-Roll— 
Improving  the  Product- 
Increasing  the  Capacity— 


are  the  three  most  important  accomplishments  of  a 
Conveyer  System. 

In  these  days  of  manufacturing  retrenchment,  archi- 
tects and  engineers  are  alive  to  the  necessity  of  pro- 
viding the  best  and  simplest  means  for  reducing  time 
and  labor  in  manufacturing  processes.  Development 
in  gravity  and  power  conveying  devices  have  attracted 
wide  and  interested  attention,  and  all  promoters  of 
industrial  projects  are  giving  the  subject  thorough 
investigation. 

Be  prepared  to  specify  the  best  types  of  mechanical 
handling  machinery  by  securing  Uterature  illustrating 
and  describing  the  Mathews  line  of  Standard  Equip- 
ment— the  oldest  and  best  known  in  America. 

GRAVITY  ROLLER  CONVEYERS 

GRAVITY  WHEEL  CONVEYERS 

AUTOMATIC  ELEVATORS 

GRAVITY  ROLLER  SPIRALS 

GRAVITY  SPIRAL  CHUTES 

POWER    PALLET    CONVEYERS,    Etc. 


(ATTENTION    OF    MECHANICAL    ENGINEERS j 

(  Cut  out  this  coupon,  attach  it  to  your  letter  head  \ 
}  and  we  nill  mail  our  full  set  of  catalogs  and  bulle-  ( 
)  tins  illustrating  and  describing  the  Mathews  line 
J  of  Standard  Equipment,  consisting  of  Gravity 
'  Conveyers,  Automatic  Elevators,  Gravity  Roller 
{  Spirals.  Gravity  Spiral  Chutes,  etc.  Sooner  or 
i  later  you  will  have  use  for  the  information  given 
}  In  our  literature. 


Mathews  Gravity  Roller  Carriers  and  Steel  Chutes  in  a  Biscuit  Factory 

We  have  branch  offices  in  all  leading  American  cities  with  com- 
petent engineers  in  charge.  Personal  assistance  given  to  architects 
and  engineers  in  working  out  handling  systems  for  their  clients. 
We  make  no  charge  for  this  service. 


Main  Office  and  Factory 


EllwoodCity,  Pa. 


Branch  Factories: 
TORONTO,  ONT. 
LONDON,  ENG. 
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Reduce  Costs  and  Promote  Factory  Efficiency 

Shaw  F.  T.  Electric  Monorail  System 


The  Shaw  "F-T"  Electric 
Monorail  System  is  DIF- 
FERENT. 

The  term  "F-T"  signifies  the 
FIXED  TONGUE  in  the  track 
switch — no  moving  part — noth- 
ing to  set — no  open  ends. 

These  distinctive  features  of 
the  Shaw  Monorail  System  es- 
tablish the  SAFETY  and  EF- 
FICIENCY of  the  overhead 
monorail  for  Factory  Trans- 
portation. 

SAFETY— Owing  to  the  ab- 
sence of  any  open  ends  in  the 
track  system,  derailments  are 
impossible  and  no  "safety  ap- 
pliances" are  required. 


The  Fixed  Tongue 
Track  Switch 


EFFICIENCY— No  time  is 
lost  at  the  switches — the  Shaw 
Monorail  Hoist  is  "dirigible" 
and  runs  through  the  switches 
without  stopping — the  operator 
in  the  cab  controls  the  route 
as  w-ell  as  the  hoisting  and 
travel  motions. 

Heretofore  the  weak  point 
in  the  Overhead  Monorail  has 
been  the  track  switch,  but  with 
the  Shaw  System  the  Track 
Switch  is  an  advantage  instead 
of  a  draw-back. 

TheShaw  "F-T"  Monorail 
Hoist  is  built  with  the  ordinary 
single  lift  or  with  double 
lift  for  handling  long  material; 
also  for  Grab  Bucket  opera- 
tion. 


Send  for  Our  Illustrated  Bulletin  73-B 


MANNING,  MAXWELL  &  MOORE,  Inc. 

General  Offices,  119  W,  40th  St.,  New  York.  N.  Y. 

Shaw  Crane  Works:     Muskegon,  Mich. 

BRANCH  SALES  OFFICES: 


m 


Chicago,   in. 
Cincinnati.  Ohio 
Cleveland.  Ohio 
Detroit,  Mich. 


Boston,  Mass. 
Buffalo.  N.  Y. 
Milwaukee,  Wis. 
New  Haven,  Conn. 


Philadelphia,  Pa. 
Pittsburg,  Pa. 
St.  Louis.  Mo. 
San   Francisco,  Cal. 


rU 
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MODtL  JSO.    SInfile   Kaofte 
Portable  Voltmeter. 

<Onp-quarter  Hlae.) 


MODKL   2Hi).    Irlple   Ranfie 
Portable  \  olt-AiTimeter. 

(Onp-n'Tirrpr  Size.) 


WESTON 

Miniature  Precision  Instruments 
for  Direct  Current 

A  new  group  of  very  small  Indicating  Instruments 
COMPACT  -  ACCURATE       DURABLE  —  BEAUTIFUL 

PORTABLE 
Voltmeters,  Millivoltmeters,  Volt-Ammeters,  Ammeters,  Mil- 
Ammeters,  ■  '"-  supplied  in  sinyle,  double  and  triple  ranges. 
The  triple  range  volt-ammeter  comprising  six  instruments  in 
one.     This  group  also  includes  BATTERY  TESTERS. 
SWITCHBOARD 
Voltmeters     Volt-Ammeters     Ammeters      Mil-Ammeters 

This  new  line  of  instruments  represents  the  latest  development  of  the 
pivoted  moving  coil,  permanent  magnet  type  for  low  ranges. 

The  refinement  of  design  and  mechanical  work  in  them  has  been  carried 
to  a  degree  which  would  appear  to  be  almost  impossible  of  accomplishment, 
if  the  results  v/ere  not  evident  in  the  instruments  themselves. 
They    embody    characteristics  which    have    made    the  well    known    Weston 

Standards  famous  throughout   the  world. 
They  are  accurate,  dead  beat  and  extremely  sensitive. 
They  may  be  left  continuously  in  circuit  at  full  load  without  injury  and  are 

shielded    against    the    external    electrical   and    magnetic  influences    of 

other  apparatus  in   their  vicinity. 
They  are  substantially  constructed    and  may   be  safely   sent  long  distances 
through  the  malls  and  will  withstand  an  extraordinary  amount  of  vibration  without  injury. 
They  have  the  longest  scale  ever  provided  in  instruments  with  equal  length  of  pomter. 
Each  model  has  been  thoroughly  tested  under  the  most  severe  conditions  of  service  and  in  experiments  extending  over  more 

The'oor'tabTe^in'swuments  may  be  conveniently  carried  in  the  coat  pocket.  ,    .,    . 

The  pricea  have  been  established  upon  so  low  a  scale  that  any  one  may  possess  one  or  more  of  these  remarkable  Instruments 

If  c^.'i  ^Ji,nM  obtain  the  instruments  desired  from  your  dealer,  write  us. 

Thrseveral  models  and  ranges  ofler  a  selection  from  over   300  different   combinations,   listed   in   Bulletin   No.   8.     Will  be 
mailed  upon  request.  

WESTON  ELECTRICAL  INSTRUMENT  COMPANY,    "'"SES^'rRK'irr"^ 


MODEL  267.  Switchboard 
Ammeter. 

(One-quarter  SUe) 


MODEL    2b».    Switchboard 
Volt-Am  meter.  Reads 

Amperes.  Press  Button  for 
Volts.    (One-Kjuarter    SUe.) 


Stanley  Brown.  114  Liberty  8t«  New 

York  City. 
Badt-Wesiburg  Elec.  Co.,  832    Mo- 

nadnock  block,  Chicago.  111. 
F.  E.  Gilbert.  303^  Hale  Bldg..  1326 
Chestnut  Street.  Philadelphia.  Pii. 
Geo.  H.  Moseman.    176  Federal  St.. 

Boston.  Mas-s, 


Milton     Mill.    915     Olive    St..     St. 

Loul3.  Mo. 
B.  K.  Sweeney  Electrical  Co..  2910 

Huron  St.,  Denver,  Colo. 
Frank  E.   Smith.    682    Mission    St.. 

San  Francisco.  Cal. 
S.   C.   Dlnsniore,    1933    Dime    Bank 

Biff-..  Detroit.  Mich 


Walter  P.  Ambos  Co..  1729  East  12th 

St..  Cleveland.  Ohio. 
A.  H.  Winter  Joyner.  Ltd.,  76  Bay 

St..  Toronto.  Canada. 
Weston   Instrument   Co..    Ltd..    Ge- 

neststraase  5.  Sehoneberg,  Berlin,   caigaxy      J  l^-^zd 

Germany.  Weston    Electrical    Instrument    Co., 

D.   R.  Peiest.  415  Fourth  NafI  Bank  Audrey  House.   Ely   Place.  Hol- 

Bhl^  .  A'Iaiit:i,  Ga.  bi»rn.  Lonanii,  r    r 


Edwin  Wortham.  Suite  28.  Alllaon 
BuUdjDg.  8th  St.,  &  MalD  St.. 
Richmond,  Va. 

Montreal      a 

Vancouver  }      MtfT^ern  EtucTrk  Compaof 


!I[||llWlfflfflDIIWilI!Hli|llllli!lll'!i|!il'«l(!ii!l.'' 


The    Best  Steel 


obtainable  might  be  made  into  wire  wtiicli 
would  be  too  hard  and  brittle  to  make  a  good 
wire  rope. 

Or  the  wire  might  be  of  a  quality  that 
would  stand  all  tests  and  yet  make  a  poor  rope, 
because  of  lack  of  care  and  skill  in  stranding, 
or  because  of  an  improper  design. 

The  good  rope,  the  kind  which  wears  well 
and  gives  satisfactory  service,  is  made  from 
wire  of  uniform  quality,  stranded  together  in  a 
worlimanlike  manner  in  accordance  with  de- 


signs, planned  in  the  light  of  experience  in 
manufacture  and  close  study  of  the  operation 
of  wire  rope  in  use. 

The  rope  that  bears  the  above  trade  mark 
is  known  wherever  wire  rope  is  used  as  one 
which  wears  well  and  gives  the  best  service  of 
which  wire  rope  is  capable. 

Such  a  reputation  is  not  an  accident  but 
the  natural  result  of  a  thorough  appreciation  of 
what  must  be  done  to  make  a  good  rope,  and 
the  necessary  facilities  for  doing  it. 


John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 
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Our  New  Western   Plant 
is  Now  in  Operation 

Maintenance  of  our  service  at  the  present  high  standard,  and 
proper  provision  for  the  convenience  of  western  customers, 
have  demanded  that  we  operate  a  thoroughly  up-to-d  te  plant 
in  the  central  states. 

We  have  therefore  installed  a  very  complete  equipment  of 
entirely  new  machinery  at  Toledo.  Ohio,  where  orders  may  be 
filled  and  from  which  plant  deliveries  are  now  made.  Western 
manufacturers  using  die  castings  and  bearings  will  thus  be  able 
to  avail  themselves  of  Doehler  quaHty,  with  extra  prompt 
delivery  and  without  excessive  transportation  charges. 

COURT  a  NINTH  STS.  /^\ 
BROOKLYN,  N.Y.      ^^y 

Western  Plant:  E.  Woodruff  &  N.   12th  Sts..  Toledo.  Ohio. 

Makers  of  Aluminum  and  White  Metal  Die  Castings  and 
Babbitt-lined  Bronze  Bearings. 


HELICAL  GEARS 

are  generated  on  the  Gear 
Shaper  on  the  same  princi- 
ple as  spurs  and  internals. 
In  either  case  a  ground, 
generating  cutter  is  used, 
which  produces  extremely 
accurate  gears  at  low  cost. 

You  are  probably  familiar 
with  the  spur  machine. 
Write  for  circular  descrip- 
tive of  the  Helical  Gear 
Shaper. 


THE  FELLOWS  GEAR  SHAPER  CO. 

Springfield,  Vt. 


Franklin 

Metals 

Insure 

Maximum 

Efficiency 


The  reliability  of  any  part  is  depend- 
ent on  the  material  of  which  it  is  made. 

Franklin  metals  represent  twenty 
years'  development  in  the  perfecting  of 
die  casting  alloys,  and  insure  the  best 
which  it  is  possible  to  produce. 

Our  twenty  years'  experience  should  be 
of  service  to  you  in  obtaining  the  right 
alloy  for  the  use  required. 

Sand  castings  or  test  bars  will  be  fur- 
nished to  assist  in  determining  the  suita- 
bility of  our  metals  for  the  work  intended. 

Let  us  send  you  our  Booklet  D,  describing  our  standard  alloys 

Franklin  Manufacturing  Company 

404  South  Geddes  Street    Syracuse    N   Y 

II  I  I  I  II      I     I     I 


GOOD  BETTER   BEST 


An  accurately 
machined  steel 
pinion  meshing 
with  an  accurately 
machined  gear  is 
tolerably  quiet 
when  new- that  is, 
providing  the  shaft 
alignment  is  perfect 


And  a  generous 
supply  of  oil  con- 
tinually poured 
onto  the  gears 
will  decrease  the 
noise.  But  after 
the  gears  are 
worn  no  amount  of 
oil  will  quiet  them. 


A  New  Process 
pinion  meshing 
with  it's  mate  is 
always  quiet  re- 
gardless of  age 
and  wear  of  either 
gear.  No  oil.*-  No 
noise.  No  trouble.  A 
comfort  to  your  men. 


Ordinary  engineering  experience  must  tell  you  that 
machine  parts  last  longer  where  vibration  is  minimized — 
that  metal-to-rawhide  tooth  contacts  offer  real  protection 
from  gear  breakage  under  sudden  load  imposition. 

Let  us  submit  evidence  of  what  New  Process  Pinions 
are  doing  under  conditions  similar  to  your  own.  Ask 
for  book — "Noiseless  Gear  Driving." 


NEW  PROCESS  IS  TO 
ALL  OTHER  RAWHIDE 
AS   STEEL   13   TO   IRON 


ilWPi'OCEfS 

iWi§iiPti4Ti©i 


SYRACUSE.    N.   Y. 
CftNADIAN  AGENTS 

Robert  Gardner  &  Son,  Ltd.,   Montreal 


93 


24 


C.  H.  Wheeler  Condensers 

We  guarantee  our  apparatus  to  maintain  a  vacuum  as  close  to 

absolute  as  Is  commercially  possible,  and  witii  llie 

lowest  operating  and  maintenance  cost. 

The  C.  H.  WHEELER  '/High  Efficiency"  System 
of  Steam  Auxiliaries  includes  : 

C.  H.  WHEELER  High  Transmission  Surface  Condensers. 

C.  H.  WHEELER  Counter  Current  Central  Barometric;  and  High 
Vacuum  Low  Level  Jet  Condensers. 

C.  H.  WHEELER-PRATT  "ROTREX"  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-MULLAN  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-THYSSEN  Hydraulic  Entrainment  Type  High- 
Speed  Vacuum  Pumps. 

C.  H.  WHEELER  IMPROVED  Rotative  Dry  Vacuum  Pumps. 

C.  H.  WHEELER  Centrifugal  Pumping  Machinery,  all  capacities. 
Belt.  Engine.  Turbine  or  Motor  driven. 

C.  H.  WHEELER-PRATT  Water  Cooling  Apparatus.  Forced  and 
Natural  Draft  designs.  Sold  on  efficiency,  durability  and  low 
maintenance  guarantees. 

C.  H.  WHEELER  Improved  Closed  Feed  Water  Heaters  for  primary 
or  auxiliary  service. 

C.  H.  WHEELER  Vertical  Enclosed  Self-Lubricating  Engines. 

C.  H.  WHEELER  Atmospheric  Exhaust  Valves. 

Multiflex  Automatic  Relief  Valves. 

Expansion  Joints. 

"  Everything  but  the   Turbine  " 

C.  H.  WHEELER  MANUFACTURING  GO. 

PHIUDELPHIA,  PENNA, 


New  York 

Boston 


Pittsburgh 

Cleveland 


.i«llllllllfll[||lilllllllllllWllllllllilili 


BRANCHES 
Chicago  San  Pranctsco 

Cincinnati      Charlotte 


New  Orleans 
Honolulu  T  H 


ATIONAL 


FEED  WATER 
HEATERS 

banish  all  your  feed 
water  troubles. 

Hot  water  saves  fuel  and 
reduces  wear  and  tear 
on  boilers. 

Over  3,250,000  h.p. 
already  installed. 

Send   for    Catalog    No.   51 


'==^^^0';"^ 


This  illustration 
shows  a 


Double  Suction 

PROVIDENCE 

PUMP 


Providence  Pumps 

are  built  for  all  purposes  in  capacities 
of  100  to  100,000  gallons  per  minute. 

Double  Suction  Pumps  for  moderate  heads. 

Stage  Pumps  for  greater  heads  or  pressures. 

Send  for  Bulletin 

PROVIDENCE    ENGINEERING  WORKS 

I      Providence,  Rhode  Island 

% 
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The 

National  Pipe 
Bending  Co., 
New  Haven, 
Conn. 


TEXACO  LUBRICANTS 

Whether  you  use,  make,  or  seU  power,  you 
must  employ  lubricants. 

The  care  with  which  you  select  them  influences 
the  efiliciency  of  your  plant. 
The  care  with  which  we  have  selected  the 
Texaco  Lubricant  most  suited  to  each  pur- 
pose insures  the  utmost  in  lubricating  efificiency 
to  the  consumer. 

We  have  customers  operating  plants  of  all 
sizes  and  every  description,  who  are  daily  at- 
testing to  the  advisability  of  buying  oils 
under  the  Texaco  Red  Star  Green  "T"  trade- 
mark. 
Investigate.     It  will  benefit  us  both. 

The  Texas  Company 

Houston  New  York 

Department  M.  E.,  17  Battery  Place,   New  York 

Branch    Offices: 
Boston  Chicago  Atlanta  Dallas  Pueblo 

Philadelphia        Norfolk        New  Orleans      El  Paso      Tulsa 


46-73 
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Brown  Pyrometers 


Meet  every  requirement  in  tlie  meas- 
urement of  temperatures  up  to  3600' 
or  as  low  as  — 200°.  Brown  High 
Resistance  Pyrometers  are  unaffected 
by  the  length  of  wire  connecting  the 
thermo-couple  and  indicator.  Our 
56-page  Catalogue  describes  other 
advantageous  features. 


THE  BROWN  INSTRUMENT  CO. 

PHILADELPHIA,   PA. 

NEW  YORK  P1TTS>BUR(jH  CHICAGO 


FORTUNA 

Portable  Electric  Drills 


FOR 


Drilling,  Reaming  and  Tapping 


HAND  AND  BREAST  DRILLS 
HEAVY  SERVICE  DRILLS 

Ventilated  and  Watertight 


Fortuna  Machine  Company 

127  Duane  St.  NEW  YORK 


Automatic  Control 

Wherever  there  is  a  manu- 
facturing process  in  which  heat 
or  time  or  pressure  is  a  factor, 
the  Tagliabue  System  of  Auto- 
matic Control  will  save  fuel, 
lighten  labor  costs,  practically 
eliminate  waste,  improve  the 
quality  of  the  product,  and  ab- 
solutely guarantee  its  uniform- 
ity. 

Tagliabue  Controllers  usually 
earn  their  cost  in  a  few  months, 
and  they  last  a  life-time. 

If  you  will  tell  us  what  you 
make,  we  will  give  you  not  only 
the  successful  experience  of  other 
manufacturers,  but  complete  de- 
tails of  the  solution  of  \our  own 
temperature  problems. 


CJ^TAGLIABUEMfGXO. 


TEMPERATURE  ENGINEERS 


18  to  88  Thirty=Third  St  ,  Brooklyn,  N  Y 


I      II- 

H        H  I  1IIIB 


BECO 


OIL-BURNING  ENGINE 

A  two-cycle  double  acting  horizontal  engine, 
operating  on  the  Diesel  principle  and  de- 
signed and  constructed  on  the  lines  of  a  steam 
engine.  We  guarantee  fuel  consumption  not  in 
excess  of  yj^  gallons  of  crude  or  refuse  oil  per 
IOC  B.  H.  P.  hours  when  operating  at  or  near 
full  load. 

STANDARD  SIZES  300  to  600  B.  H.  P. 

Let  us  send  you  descriptive  matter  cover- 
ing details  of  construction  and  operation. 

HERBERT  B.  RUST,    Sales  Agent 

14-22  Peck  St.,  Providence,  R.   I. 
THE  BROWN  ENGINE  CO.,  Fitchburg,  Mass. 
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"ALLIANCE" 

FLOOR  TYPE 

Open=Hearth  Charging  Machine 

Massive — Compact 
Very  Accessible 

An  all-steel  construction  floor  type  open- 
hearth  charging  machine  designed  to 
meet  the  hard  service  incident  to  apparat- 
us of  this  character.  Massive  and  com- 
pact, but  at  the  same  time  very  accessible. 

PITTSBUBG       ^c  Zijrvcit /Huw/luluruWiJ /x-  hcr/Ji /unj^rr  Crane)       NEWVOBK 

ft  JlIEAjLtlA^CE  MaCHIAeC^I 

Rl.;    ••   -   .'fc*?'  AI/i/JA^CE,  OHIO.  ^        ^^  i^j 

IfliiNcMAN  Cm>lN£BR«  AND  BUIIypf^lS     CH,c/kd 


6-.\rni   Friction  Clutch   Pulley 
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SPRAGUE        ELECTRIC 

HOISTS 

Capacities     from      1-2     to     O     Tons 
Direct    and    Alternating    Current 

SIMPLE    RELIABLE 
EFFICIENT 

Spragiie  Hoists  are  cut- 
ting the  cost  of  pro- 
duction in  many  indus- 
tries. 

Write  for  Pamphlet  No.  90560 

Illustrating    ajiplications    in 
many   industries. 

Complete  information   upon  request 

S  PRAGUE  ^^^^R^S^i 

OF  GENERAL  ELECTRIC  COMPANY 

Main  Offices :     527-531  West  34th  Street 
NEAV  YORK,   N.  Y. 

Branch     Offices      in      Principal     Cities 


Power   Transmission 
Appliances 

FOR 

BELT  AND  ROPE  DISTRIBUTION 

Mechanical,     Economical,     Efficient 

Friction  Clutch  Pulleys         Hangers  and  Pillow  Blocks 
Friction  Clutch  Couplings    Pulleys  and  Fly  Wheels 
Friction  Clutch  Operators    Shaft  CoupUngs 
Head  Shaft  Hangers  Floor  Stands 

Sheaves  Tension  Carriages 

Forged  and  Turned  Shafts,  etc.,  etc. 

FALLS  CLUTCH  &  MACHINERY  COMPANY 

CUYAHOGA  FALLS,  OHIO 

(Branches) 
NEW  VORK  CITV  BOSTON.  MASS.  CINCINNATI,  O. 

206  Fulton  St.  S4  Purchase  St.  208  Elm  St. 


m 

- 
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HUNT  STEAM    OPERATED    ONE    MAN 
CONTROL  STEEPLE  TOWER 

WILSON  &  PATTERSON.  Montreal.  Quebec 

The  Hunt  Tower  illustrated  above,  in  combination  with  Hunt 
Automatic  Railway,  unloads  coal  and  places  it  in  storage  at  the 
rate  of  200  tons  per  hour. 

A  VERY  EFFICIENT  OUTFIT 

We  are  Specialists  in  machinery  for  the  economical  handling  of 
bulk  material,  and  solicit  inquiries  for  equipment  of  this  kind. 

Pamphlet  S-102  on  request- 

C.  W.  HUNT  CO.,  Inc. 

West   New   Brighton,    N.  Y.,    U.  S.  A. 

45  Broadway,  N.  Y.  City  Fisher  BIdg.,  Chicago 

Evans  Building,  Washington 

•■■■■iiiiir.' < lit iiiiMniniiiiiiiiiiiiiiiiiifliiiiiiaiiBiiiiiiiiiiiiiiitiiii^ 
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Fifty  Cents  a  Day 

added  to  your  operating  costs  will  soon 
make  up  the  difference  between  the  cost 
of  a  CLYDE  and  that  of  a  cheaper  hoist. 
Now  the  Clyde  Hoist  is  made  with  the 
one  idea  of  doing  the  work  more  economi- 
cally:—  you  can  count  on  the  saving, 
which  will  go  on  long  after  the  difference 
in  cost  is  wiped  out. 


The  Clyde  Diamond 


4 


> 


CLYDE 


on  a  hoist  means  a  guar- 
antee of  satisfaction. 

^ull  find  a  Repeat- 

~  ''rder  built  irvto  evear 

oist  of  ClydeGiaafT 


CL^V^DE.        IRON      VAORl^^ 

MANUFACTURERS  °jf  CLYDE-GRADE   HOISTING   MACHINERY 

Duluth.      Minnesota      U  S.A  


Jeffrey  ser7ce  Chains 

Specially  designed  for  Extra  Heavy  Work 
and  for  tiie  handling  of  Gritty  or  Abrasive 
Materials. 


"Hercules"  Combination  Malleable  Link  and  Steel  Side  Bar 
Chain,  with  Steel  Pins. 


"Peerless"  Malleable  Link  Cham  with  Steel  Pin; 
Rcncii.'nhle  Bii '■hiiigs. 

Jeffrey  CHILLED  RIM  Sprocket  Wheels 

Hardened  by  the  J-Co.  Process,  when  used  in 
connection  with  these  chains,  make  a  combina- 
tion that  is  unsurpassed  for  Durability  and 
Economy. 

WRITE  FOR  BULLETIN 

JEFFREY  MFG.  CO.,  Columbus,  0. 


0.  S.  LOCOMOTIVE  CRANES 

and  PATENT  CLAM  SHELL  BUCKETS 

Standard  and  Broad  Gauge  tvith  Block,  Bucket  or  Magnet 

are  part  of  our  complete  line  of  Material  Handhng  Machinery,  including 
Gantry  and  Cantilever  Cranes,  Drag  Line  Excavators,  Coal  Crushers, 
Electric  and  Steam  Hoists,  Bridge  and  Pillar  Cranes,  Elevating  and 
Conveying  Machinery. 

Bulletin  No.  9  describes  and  illustrates 
many  types  and  is  sure  to  interest  you 

ORTON  &  STEINBRENNER  CO. 


Main  Office    CHICAGO,  ILL 
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Works    HUNTINGDON    IND 
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"luKkj  iLllml.\  COUNTERS 

are  absolutely  reliable  instruments  for   the    recording   of 
output  from  machines. 

In  their  design  special  attention  has  been  given  to  making  an 
instrument  which  will  operate  with  the  greatest  ease.  They  are  fur- 
nished with  the  following  forms  of  driving  mechanism:  Revolution, 
Direct  Drive  and  Rotary  Ratchet. 

Complete   catalogues    showing   over    25  different 
styles    oF    counters     mailed     free    upon     request 

THE   VEEDER    MFG.    CO.,   Hartford,    Conn. 

16  Sargeant  St. 

Makers  of  Cyclometers,  Odometers,  Tachometers,  Tachodomelers.  Counters 
and  Small  Die  Castings 


(Cut  Halt  Size 

The  ''Locked  Wheel"  Counter,  illustrated 
above,  is  similar  to  the  Setback  Counter  ex- 
cept the  number  wheels  are  locked  in  all 
positions. 

Especially  useful  where  the  work  is  paid  for 
by  the  piece,  as  it  may  be  connected  up  so  the 
figures  cannot  be  moved  except  by  running 
the  machine. 


■■■■[■■■■'■•illllllHIl 
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END   THRUST  FRICTION  TROUBLES  OVERCOME 


Mate  your  difficulties  or  ask 
for    bulletins. 

STEEL,  BRASS  AND 
BRONZE  BALLS 

Auburn  Ball  Thrust 
Bearings 

With  a   Four    Point    Cone   Contact 


AUBURN  BALL  BEARING  COMPANY, 


20  Elizabeth  Street,  Rochester,  N.  Y. 


O.  K.    SPEED    REDUCING    TRANSMISSIONS 

GIVE    RESULTS     WHERE    OTHER    DRIVES  FAIL 

DESIGNED   FOR   HEAVY    DUTY   AND   CONTINUOUS   SERVICE 
A  HIGHLY  EFFICIENT   PLANETARY   TRANSMISSION 


The  above  cut   represents  seven  Model  B  Speed   Reducing   Outfits;  ratio,   25.6:1:  Direct 
connected  to  General  Electric  Motors.  5  H.P.,  1140  R.  P.  M.,  giving  a  driven  speed  of 
45  R.  P.  M.     Motors   and    reducers   are  mounted   on    cast    Iron   bedplates      The    above 
*la    outfits  operate  feed  driers  in  a  large  cereal  plant. 


O.  K.    REDUCERS    ARE    MADE    IN    RATIOS    AS    HIGH    AS     1600:1    OR    MORE.      INVESTIGATE   BEFORE    DECIDING    ON    YOUR 

PLANT   EQUIPMENT 


Send  for  Bulletin  No.  4 


D.  O.  JAMES  MFG.  CO.,  1122  W.  Monroe  Street,  Chicago 


lllllil  I  I     lull  •  HHiH 


THE  A.  &  F.  BROWN  CO 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  MILLWRIGHTS 


POWER  TRANSMISSION  MACHINERY 

DESIGNED,  FURNISHED  AND  ERECTED 


""'■'a^dCotlCs'''''      SPECIAL  MACHINERY 

:     WORKS:  ELIZABETHPORT 
-  NEW  JERSEY 

in  I        111  I  ■■nil  null  I    iiii  ii        i      imiini  i     ii   iii    iiii  i  i  «  iii     i     iiiiiiiiiiiiiiiiiiiii  ■  i  iH" 
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, Gears   ot   all  kinds 

IRON    CASTINGS  and  size. 

Sales  room:  79  BARCLAY  ST. 

NEW  YORK  CITY 


CENTRIFUGAL  PUMPING  MACHINERY 
i  Morris  Machine  Works 

Baldwinsville,   N.  Y. 


HENION  &  HUBBELL,  Agents 
217-221  N.  JeOerson  St.,  Chicago,  III. 

HARRIS  PUMP  &  SUPPLY  CO.,  Agents 

Pittsburgh,  Pa. 


H.  A.  PAINE,  Agent 
Houston,  Tex. 


New  York  Office, 
39-41  Cortlandt  Street 


Charlotte,  N.  C. 
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ELECTRIC  &  HAND  POWER  CRANES,  PORTABLE  ELECTRIC  &  MONORAIL  HOISTS 


ALFRED  BOX  &  CO.,  Philadelphia,  pa. 


ll»lllllHllS>!Bil.i!l!B'llh)lill*!l|IH'!i 
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Over 
50,000 
miles 
in  use 


Rolled 

from 

Best  Quality 

Steel 


Cunttnuous  RaH  Joint 


Weber    kail  Jum 


Wolhaupter  Kail  Joint 


The  Rail  Joint  Company 

GENERAL  OFFICES:   185  Madison  Avenue,  New  York  City 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special 
Rail  Sections,  also  Girder,  Step  or  Compromise,  Frog  and  Switch, 
and  Insulated  Rail  Joints,  protected  by  Patents. 

Highest  Awards— Pans,  1900,  Buffalo,   1901;  St.  Louis,  1904. 


Catalog  at  Aeencies 


Boston,  Mass. 
Chicago,  III. 
Denver,  Colo. 
Philadelphia.  Pa. 
Pittsburgh.  Pa. 
Portland,  Ore. 
St.  Louis.  Mo. 
Troy.  N.  Y. 

Montreal,  Can. 


London    E    C     Eng 


India  Bldg. 

Railway  Exchange  Bldg, 

Equitable  Bldg, 

Pennsylvania  Bldg, 

Oliver  Bldg 

Wilcox  Bldg. 

Commonwealth  Trust  Bldg. 

Burden  Avenue 


Board  of  Trade  Bldg. 
36  New  Broad  St 


DISTRIBUTION  VALVES  and  SUPERHEATED  STEAM 

Alwaj's  the  greatest  knowledge  and  skill  are  exercised  in  Designing  an  Engine  in  order  to 
secure  the  most  Efficient  and  Economical  use  of  the  Steam.  Do  not,  therefore,  Overlook 
the  Importance  of  Frictionless,  Steam-Tight  Distribution  Valves  which  remain  Steam- 
Tight  and  Frictionless. 

To  say  the  least,  it  is  not  wise  to  use  poorly  balanced,  leaky  valves  on  an  Engine  which 
has  otherwise  had  knowledge  and  skill  applied  in  its  designing. 

Put  it  up  to  Valve  Specialists. 

AMERICAN  BALANCE  VALVE  CO.,  Jersey  Shore, 


PENNA. 

USA. 


VALVE  SPECIALISTS  SINCE  1890 

g  III    I     I  I    I      II  II  I         I      II      II 
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R.  D.  WOOD  &  CO. 


PHILADELPHIA,  PA. 


ENGINEERS 
IRON  FOUNDERS 
MACHINISTS 


BUILDERS  OF  Gas  Holders,  Single  and  Multiple  Lift;  Gas 
Plants;  Gas  Producer  Power  Plants;  Hydraulic  Presses  and 
Heavy  Hydraulic  Machinery;  Pumping  Engines,  Centrifugo.. 
Pumping  Plants;  Water  Works  Appliances;  Steel  Tanks;  Sugar 
House  Apparatus  ;  Heavy  Special  Machinery  ;  Theisen  Washers. 

MANUFACTURERS  OF  C.  I.  Pipe,  Gas  Works  Apparatus, 
Centrifugal  Pumps,  Hydraulic  Tools  of  all  description,  Hydrants 
and  Valves,  Gas  Producers. 
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BUILT  BV 

E.KEELER  CO. 

V         U.S.A.      . 


ESTABLISHED  1S64 


New  York 
Philadelphia 
Cleveland 
Dallas 


Rochester 

Pittsburgh 

Chicago 

San  F-ranclsco 


Keeler    Water   Tube    Boilers 


No  feature  of  its  design  is  excelled. 
■All  Wrought  Steel  Construction,  Straight 
Tubes,  Horizontal  Drum,  Vertical 
Baffle  Walls,  Rear  Casing,  perfect  equip- 
ment, accessible  and  compact.  This 
boiler  is  the  result  of  fifty  years  of 
boiler  shop  practice.  Built  in  units  75 
to  1500  Horse  Power 

Ask  for  new  Illustrated  cataloK 


Green  Chain   Grate    Stokers 


For  Water  Tube  and  Tubular  Boilers 

GREEN  ENGINEERING  CO. 


Steger  Building 


Chicago,  111. 


Catalogue   "  G  " — Green  Chain  Grate  Stokers  for  free  burning  bituminous  coals. 
Catalogue   "L" — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue   No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 

Sent  on  application 


iiiiiiim  yn  iiuiiiiiiiDiiiui  i  ■■  ■  ii  ■  ■  ■■■■■Mm 


THE  BABCOCK  &  WILCOX  COMPANY 


85  LIBERTY  STREET,   NEW   YORK 


WATER  TUBE  STEAM   BOILERS 


STEAM  SUPERHEATERS 


MECHANICAL    STOKERS 


Works:  BARBERTON,  OHIO        BAYONNE,  N.J. 


BOSTON.  35  Federal  St. 

PITTSBURGH.  Farmers  Deposit  Bank  Bldg. 

SALT  LAKE  CITY.  313  Atlas  Block 

CLEVELAND.  New  England  Bldg. 

LOS  ANGELES.  American  Bank  Bldg. 


BRANCH  OFFICE.S 

PHILADELPHIA.  North  American  Bldg. 
NEW  ORLEANS.  Shubert  Arcade 
CHICAGO.  Marqnettfl  Bldg. 
PORTLAND.  ORE..  Wells-Fargo  Bldg. 
SEATTLE.  Mutual  Life  Bldg. 


SAN  FRANCISCO,  99  First  Street 
DENVER.  435  Seventeenth  Street 
ATLANTA.  Candler  Bldg. 
HAVANA.  CUBA.  116}  Calle  do  la  Hahana 
CINCINNATI,  Traction  Bldg. 


POP    SAFETY    VALVES,     RELIEF     VALVES 
PRESSURE  AND  VACUUM  GAGES 

OF  BOTH  REGISTERING  AND  RECORDING  STYLES 

All  of  a  superior  quality  and  guaranteed  to  give  greatest  efficiency,  dur- 
ability and  perfect  satisfaction.  Backed  by  a  reputation  secured  in  42  years  of 
successful  business. 

Complete  Catalogue  mailed  upon  request- 

THE  ASHTON  VALVE  CO. 

Established  1871 

271  Franklin  St.,  BOSTON,  MASS. 
128  Liberty  St..  NEW  YORK  174  N.  Market  St.,  CHIC.\GO 
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STEAM   ENGINES,  TURBINES   AND   BOILERS 


PROVIDENCE.  R.  I. 


ALMY  WATER  TUBE  BOILER  CO. 

Manufacturers  of  Alniy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river  steamers,  both 
propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey  Boilers  for  steamships  and  for  all 
kinds  of  stationary  work. 


Water  Tube 
Boilers 


THE  BABCOCK  &  WILCOX  COMPANY  ss  liberty  stke.t,  new  york 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


Water  Tube 
Boilers 


BALL  ENGINE  COMPANY  erie  pa 

Builders  of  Ball  Single  \alve  Automatic  and  High  Speed  Corliss  Engines  with  non-detaching  valve 
gear,  for  direct  connection,  or  belting  to  electric  generators. 

See  page  2  of  Condent<ed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Steam 
Engines 


DE  LAVAL  STEAM  TURBINE  CO.  trenton.  n  j 

Steam  Turbines,  single  and  multi-stage,  for  all  services.  Centrifugal  Pumps,  single  and  multi-stage, 
for  all  capacities  and  all  heads.  Centrifugal  Blowers  and  Air  Compressors,  and  special  Centrifugal  Appa- 
ratus.    De  Laval  Speed-reduction  Gears. 


Steam 
Turbines 

Centrifugal 
Pumps 


EDGE  MOOR  IRON  COMPANY 

Builders  of  the  Edge  Moor  Water  Tube  Boiler, 
construction,  straight   tubes,  all  hand  holes  elliptical,  unrestricted  circulation  which   permits   forcing 
fires   with  safety  and  economy. 

See  page  23  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


EDGE  MOOR.  DELAWARE 
Especially  suitable  for  large  power  plants.     Steel 


Water  Tube 
Boilers 


ERIE  CITY  IRON  WORKS  erie  pa 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable,  open  bottom  port- 
able, vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City  "Lentz,"  four  valve,  enclosed  high 
speed,  automatic,  center  crank,  side  crank,  portable  and  Feed- Water  Heaters  from  25  to  600  h.p. 


Steam  Boilers 
and  Engines 

Feed-  Water 
Heaters 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 


harrisburg.  pa. 


Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and  Single  Valve,  Simple,  Tandem 
and  Cross  Compound. 


Steam 
Engines 


HEINE  SAFETY  BOILER  CO.  st.louis.mq 

Heine  Safety  Water  Tube  Boilers,  Heine  Patent  Steam  Superheaters,  Steel  Stacks,  Housings,  Flues, 


etc. 


See  pages  24,  2.5  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Steam  Boilers 
Superheaters 


THE    HOOVEN,    OWENS,    RENTSCHLER   CO.  Hamilton  ohio 

Manufacturers   of   Hamilton    Corliss  Engines,  Hamilton  High  Speed  CorUss  Engines,  High  Duty 
Pumping  Engines,  Power  Pumps  and  Compressors,  Special  Hea\'j'  Castings. 

See  pages  6,  7,  309  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Engines 
Pumps 
Compressors 
Castings 
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Boilers 


E.  KEELER  COMPANY  williamsport  pa 

Water   Tube,    Internal   Furnace  and  Return  Tubular  Uuilers.     .Self-Supporting  Stacks,  Feed  Water 
Heaters. 

See  -page  27  of  Coiuknsed  Catalogues  of  Mechanieal  K<iuip7iitnl,   191:5  Volume. 


Engines 

(  ompressors 

Hoists 


NORDBERQ   MANUFACTURING  CO.  Milwaukee  wis 

Engineers,  Designers  and  Builders  of  High  Efficiency  Corliss  Engines,  Uniflow  Engines,  Poppet 
Valve  Engines,  Air  Compressors,  Blowing  Engines,  Steam  and  Electric  Hoisting  Engines,  Pumping 
Engines  and  Steam  Stamps. 

See  pages  S,  9  nf  Cnncleiised  Catalogues  of  ^[rch<nncal  Equipment,  1913  Volume. 


Engines 

Centrifugal 
Pumps 

Special 
Machinery 


PROVIDENCE.  R.  I. 


PROVIDENCE  ENGINEERING  WORKS 

Rice  and  Sargent  Corliss  Engines,  Providence  Centrifugal  Pumps,  Improved  Greene  Engines  and 
repair  parts,  Special  Machinery. 

See  page  11  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Engines 

Refrigerating 
Machinery 


THE  VILTER  MFG.  CO. 


Establistied  1867 


1070-108S  Clinton  St.,  MILWAUKEE.  WIS. 


Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct-Connected  Service, 
medium  or  high  speed.     Ice  and  Refrigeration  Machines. 


Papers  on 
Steam 

Engines  and 
Boilers 


PAPERS  PUBLISHED  BY  A.  5.  M.  E. 

No.  11171.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price  SO. 10;  No.  922. 
Effect  of  Clearance  on  Economv  of  Steam  Engine:  A.  Kingsbury,  price  SO. 10;  No.  873.  Comparison  of 
Rules  for  Calculating  the  Strength  of  Steam  Boilers:  H.  de  B.  Parsons,  price  $0.10;  No.  819.  Boiler  and 
Furnace  Efficiency:  R.  S.  Hale,  price  $0.30. 


OIL  AND  GAS  ENGINES  AND  GAS  PRODUCERS 


Oil  Engines 


THE  BROWN  ENGINE  CO. 


FITCHBURG.   MASS 


Herbert  B.  Rust.  Agent 
14-22  Peck  St.,  Providence.  R.  I. 


Manufacturers  of  the  BECO  Oil-Burning  Engine.    Operates  on  the  Diesel  principle.    Standard  sizes 
300  to  (300  B. HP. 


Refrigerating 

and 

Ice  Making 

Machinery 

Oil  and  Gas 
Engines 


DE  LA  VERGNE  MACHINE  COMPANY        1123E  issthSt       new york city 

Refrigerating  and  Ice  Making  IMachinerv,  5  to  000  tons  capacity;  Oil  Engines  up  to  360  B.  H.  P.; 
Gas  Engines  75  to  2400  B.  H.  P. 

.SVe  page  20  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volutne. 


Steam 
Engines 

Oil  Engines 


FULTON  IRON  WORKS 


ST.  LOUIS.  MO. 


Manufacturers  of  Corliss  and  Medium  Speed  Engines,  Fulton-Tosi  Oil  Engines  Diesel  System,  Cane 
Sugar  Mills  and  Crushers. 


Gas  Engines 
and  Producers 


NEW  YORK 

CHICAGO 

BOSTON 


NATIONAL  METER  COMPANY 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated  load  for  ten  consecutive  hours 
on  one  charge  of  fuel;  will  develop  a  B.  H.  P.  hour  on  one  pound  of  coal;  are  rehable  because  they're  Nash. 
See  pages  18,  19  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 
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THE  SMITH  GAS  POWER  CO.  lexington,  omo 

BuiliiiTs  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure  types.     Mechanically  Ojicr- 
ated  Gas  Producers  in  large  units  for  power  and  heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants. 
See  page  22  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Gas  Producers 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


AMERICAN  BALANCE  VALVE  CO.  jersey  shore,  penn... 

W'e  make  Balanced  Slide  and  Piston  \'alvcs  for  Manufacturers  of  Steam  Engines,  also  for  Old  Power 
Equipment,  from  Steam  Pumps  to  Battle.ships.     Write  us. 

Sic  page  130  of  Comlaixril  Ciilalagiiis  of  Mechanical  Equipment,   1913   Volume. 


Valves 

Slide  and 

Piston 

Distribution 


AMERICAN  ENGINEERING  CO. 


Machinists  and  Founders.     Builders  of  the  Tavlor  Stoker. 


PHIL.\DELPHI.\ 


Stokers 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 


BOSTON'.  M.ASS 

E.-iT.\BLISHED   1S51 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  purjioses.  Iron  and 
I?rass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive  use.  The  American  Thompson 
Improved  Indicator  with  new  improved  detent  motion.     The  American  Ideal  Steam  Trap. 

Sec  pages  110,   111  of  Couileii.'ieil  Calalogu( s  of  Mechanical  Equipment,  1913   ^'alume. 


Valves 

Gauges 

Indicators 


THE 

ASHTON  VALVE  CO. 

BOSTON 

NEW  YORK 

CHICAGO 

M 
Gages, 
faction. 

ikers  of  the  Ashton  Pop  Safety  Valves 
All  of  a  superior  ciuality  and  guaran 

,  Water  Relief  Valves,  Blow  Off  Valves,  Pressure 
teed  to  give  greatest  efficiency,  durability  and 

and  Vacuinn 
perfect  satis- 

Valves 
Gages 


W.     N.     BEST  11  Bro.4dw.iy  new  YORK  city 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid  fuel  equipment. 


Oil  and  Tar 
Burners 

Furnaces 


THE  BRISTOL  COMPANY 

Bristol's  Recording  Pressure  and  ^"aculull  Gauges 
II.  Bristol  Electric  Pyrometers.     Bristol's  Recording  Voltmeters,  Ammeters  and  Wattmeters.     Bristol's 
Recording  Water  Level  Gauges.    Bristol's  Time  Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


WATERBURY'.  CONN. 
Bristol's  Recording  Thermometers.     The  Win. 


Recording 
Gauges  and 
Instruments 


THE  BROWN  INSTRUMENT  CO. 


EsTABLisfeED  ISGO  PHILADELPHIA.  PA. 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  be  manufactured  in  this  country,  and  having 
the  largest  sale  today.  Also  manufacturers  of  Thermometers,  Speed  Indicators  and  Recorders,  Voltmeters, 
.\nimeters  and  kindred  instruments. 


Pyrometers 

Thermom- 
eters 

Tachomet-ers 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  1214.  Unnecessary  Los.ses  in  Firing  Fuel  Coal:  C.  R.  Weymouth,  price  : 
Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price  i 
Rational  Utihzation  of  Low  Grade  Fuels  in  Gas  Producers:  F.  E.  Junge,  price  ${ 
Properties  of  Steam:  R.  C.  H.  Heck,  price  SO.IO. 


;0.30;  No.  1213.  Fuel 
0.20;  No.  1165.  The 
.40;  No.  1245.    Some 


Papers  on 
Power  Plants 
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Venturi 
Meters 


BUILDERS  IRON  FOUNDRY  providence,  r  i 

\'enturi  Meters  for  colil  wuter.  iiot  water,  brine,  chemicals,  air,  gas,  steam,  etc.;  Globe  Special  Cast- 
ings for  water  works;  Grinding  and  Polishing  Machinery. 

See  page  70  of  Condcm^cit  Catalogues  of  Mcchaiiiml  Equipment,  1913  Volume. 


Valves 


CHAPMAN  VALVE  MANUFACTURING  CO.  indun  orchard.  ma«s 

Boston    New  York    St  Louis    Pittsbcrgh    Chicago    Philadelphia    San  Fhancisc(i 
Brass  and  Iron  'V'alvcs  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates.    Send  for  catalogue. 
See  page  76  of  Condenaed  Catalogues  of  Mechanical  Equipment,  1913   Volu7ne. 


Lubricators 
(Irease  Cups 


CRESCENT  MANUFACTURING  CO. 

Lackawanna  i^ight  Feed  Lubricators  and  Automatic  Grease  Cups 


SCOTTDALE.  PA 


^'alre 
Specialties 

Steam  Traps 

Governors 


G.  M.  DAVIS  REGULATOR  CO.  new  voT^^^Fx  loc.s 

Manufacturers  of  Pressure  Reducing  Valves,   Back  Pressure  Valve,  Steam  Trap,   Exhaust  Rehef 
\'alves,  Balanced  Valve,  Float  Valve,  Pump  Governor,  Boiler  Stop  and  Check  Valves. 
Sie  pages  104,  105  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volutne. 


Condensing 
Plants 

Air  Filters 

Separators 

Steam  Traps 


GENERAL  CONDENSER  CO.  1250  n.  i2th  st.      philadelphi.4.  pa. 

Coniijliie  t'(indc-n>ing  Plants  for  High  Vacuum;  Counter  Current,  Jet  and  Surface  Condensers,  Air 
Pum|)s,  Pumping  Outfits,  Re-Cooling  Plant.-.  Oil,  Air  and  Steam  Separators.  Combined  Oil  Separator.- 
and  Heaters.  Dry  and  Wet  Air  Filters.  Air  E.xtractors  for  Feed  Water  (".\irex").  Return  and  Vacuum 
Steam  Traps. 


Stokers 

Pneumatic 

Ash 

Conveyors 


GREEN  ENGINEERING  CO.  steger  building      chicago.  ill. 

Green  Chain  Grate  Stokers  for  free  burning  and  coking  bituminous  coals.     GECO  Pneumatic  Ash 
Handling  Systems. 

See  pages  32,  33,  34  of  Condenunt  Catalogues  of  Michaiiicdt  Equipment,   1913   Volume. 


Fuel 
Econom  izers 

Mechanical 
Draft 

Engines 


THE  GREEN  FUEL  ECONOMIZER  CO.  m.^tteaw.^x  n  y 

Fuel  Economizers;   Waste  Air  Heaters;   Fans,  Blowers   and   Exhausters;   Engines;  Positivflow  Hot 
Blast  Heaters,  Drying  Equipments;  Heating  and  Ventilating  Equipments,  Mechanical  Draft  Installation^. 
.See  pages  4G,  47  of  Comlensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Feed-Water 
Heaters  and 
Purifiers 

Separators 

Metering 
Heaters 


HARRISON  SAFETY  BOILER  WORKS 


PHILADELPHIA,  PA. 


Cochrane  Feed  Water  Heaters,  Cochrane  Steam  and  Oil  Separators,  Sorge-Cochrane  Hot  Proces 
Softening  Systems,  Cochrane  Multiport  Valves,  Cochrane  Metering  Heaters. 


Valves 


Works:  HOMESTEAD,  PA. 
PITTSBURG.  PA. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Manufacturers  of  "Homestead  Valves."    Straightway,  Three-way  and  Four-way,  for  blow-off  or  for 
highest  pressure  and  most  difficult  service  for  water,  air  or  steam.    Valves  unlike  all  others. 
(See  page  82  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 

Steam   Traps 
Separators 
Regulators 


THE  HUGHSON  STEAM  SPECIALTY  CO.  chicago  ill 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water.  The  best  and 
only  absolutely  noiseless  Coinbination  Back  Pressure  and  Relief  Valve.  Pump  Regulators,  Separators, 
Steam  Traps,  Automatic  Stop  and  Check  Valves.     \\'rite  for  complete  catalogue 
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INQERSOLL=RAND  COMPANY  u  bko..w.v       newvork 

Air  Compressors,  twenty  standard  types,  capacity  8  to  9000  cu.  ft.  per  minute;  "Little  David," 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes  "Imperial"  Air  Motor  Hoists,  capacity  J  2  to 
.')  tons. 

See.  pnr/rs  270,  277  of  Condensed  Calahducs  of  l\fee)ianieal  Equipment,   1913   Volume. 


Air 
Compressors 

Air  Tools  and 
Hoists 


JENKINS  BROS. 


NEW  YORK  BOSTON 

PHILADELPHI.\  CHICAGO 

Manufai  tnr  rs  of  the  genuine  Jenkins   Bros,  Valves,  made  in  bra=g.  iron  body,  and  east  steel,  in  a  variety  of  typ's, 

'^iiitalile  for  moderate,  metiiuni  or  extra  heavy  pressures.    Also  a  line  of  high  grade  mechanical  rubljer  g.jods  including  sheet 

packing,  gasket  tubing  and  pump  valves.    Illustrated  catalogue  sent  on  requet. 

See  pages  84,  85  of  Condensed  Catalogues  of  Mechanical  Equipynent,   1913  Volume. 


Vah-es 
Packing  Discs 


ROBERT  A.  KEASBEY  CO.  1°°  ^-  ^^^^^,  ,o.f3Zl^^''  '"'^^' 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia  Asbestos  and  Brine  Pijjc 
Coverings,  Asbestos  Products,  etc. 

See  page  138  of  Condensed  Calalogues  of  Mechanical  Equip^nent,  1913  Volume. 


Magnesia 
Asbestos  and 
Brine  Pipe 
Coverings 


THE  LAQONDA  MFG.  CO. 

SPRINGFIELD,  OHIO 

Makers  of  Weinland  Tube  Cleaners,  Automatic  Cut-Off  Valves. 

Reseating  Machines,  Boiler  Tube 

Cutters  and  Water  Strainers. 

Tube  Cleaner. i 

Cut-OiT  Valves 

Water 
Strainers 


THE 

LUDLOW  VALVE  MFG 

.  CO. 

TR01 

1-.  N.  Y. 

M. 
^'alves. 

inufacturcrs  of 
Foot  Valves. 

genuine  Ludlow  Gate  \' 
Sluice  Gates.     Indicatoi 

lives  for 
•  Posts. 

all  purposes. 
Fire  Hydrant 

Special 

s. 

Blow 

-off  \' 

alves. 

Check 

Set 

pages  86,  87 

of  Condensed  Catalogues 

of  Mecha 

nicnl 

Equipment,  1913 

Vol 

erne. 

Valves 

Blow-off 
Valves 

Fire  Hydrants 


THE   LUNKENHEIMER  COMPANY  Cincinnati  omo 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron  Valves,  Whistles, 
Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups,  etc.,  adapted  to  the  requirements 
of  all  classes  of  machinery. 

See  pages  88-93  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 

Injectors 

Lubricators 
Etc. 


MOREHEAD  MANUFACTURING   CO.  Detroit  mich 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting  Steam  Trap  is 
the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter  of  a  century.  For  reliable  and 
satisfactory  service  this  type  of  trap  recommends  itself.     Illustrated  descriptive  catalog  sent  on  request. 

See  piges  112,   113  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


Steam  Traps 


THE     MURPHY     IRON     WORKS  Founded  ISrS         inc.  1004         DETROIT.  MICH. 

Builders  of  The  Murphy  Automatic  Furnace.    The  best  Automatic  Furnace  that  thirty  years  practical 
experience  can  produce. 

See  pages  38,  39  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Automatic 
Furnace 


NEW  HAVEN,  CONN. 


NATIONAL  PIPE  BENDING  CO. 

National  Feed-Water  Heaters,  National  Storage  Heaters,  National  Direct  Contact   Heaters   and 
Purifiers,  National  Steam  and  Oil  Separators.    Coils  and  Bends  of  Iron,  Brass  and  Copper  Pipe. 
(See  pages  62,  63  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volutne. 


Feed- Water 
Heaters  and 
Purifiers 

Separators 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1085.  Performance  of  a  Superheater:  A.  Bement,  price  $0.10;  No.  1070.  A  Twist  Drill  Dynamom- 
cler:  H.  P.  Fairfield,  price  $0.10;  No.  921.  The  Bursting  of  Small  Cast  Iron  Fly- Wheels:  C.  H.  Benjamin, 
price  $0.20;  No.  1144.     Balancing  of  Pumping  Engines:  A.  F.  Nagle,  price  $0.10, 


Papers  on 
Power  Plant 
Specialties 
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Valves 


Governors 


Superheaters 


Valves 

Fire  Hydrants 


Water 
Softening 

Purifying  and 

Filtering 

Systems 


Injectors 
I'ondensers 
Valves 
Engine  Stops 

Soot  Cleaners 

Gas  Analysis 
Instruments 

Tube  Cleaners 


Steam 
Specialties 

Feed  Water 
Heaters 

Steam 
Separators 


Instrumenls 


Lubricating 
Oils 


NELSON   VALVE   CO.  chestnut  hill        Philadelphia,  pa. 

Muuufaclurers  of  high  grade  Bronze,  Iron  and  Steel  Valves  of  every  kind  for  every  purpose. 
See  page  94  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


THE  PICKERING  GOVERNOR  CO. 


PORTLAND.  CONN. 


Governors  for  Steam  Engines,  Turbines,  Gas  Engines.     Mechanical  Control  Power  Regulation. 
See  page  131  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


POWER  SPECIALTY  CO. 


Ill  Bro.\dwat 


NEVr  YORK 


The  Foster  Patent  Superheater  saves  feed  water,  condensing  water,  coal  and  boiler  power. 
See  page  4.5  of  Condensed  Catalogues  of  Mechanical  Equipinml,   1913   Volumt. 


PRATT  &.  CADY  COMPANY,  Inc. 


H.\RTFORD.   CONN. 


Bhanches    at    .Albany.    Kaltimo;:e,    Boston.    Chicago.    Detroit. 
Indianapolis.  New  Orleans.  New  York.  Philadelphia.  Pittsbcso. 


Manufacturers  of  Brass,  Iron  and  Steel  Valves,  Fire  Hydrants,  Asbestos  Packed  Cocks. 
See  pages  90,  97  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


WM.  B.  SCAIFE  &  SONS  COMPANY 


221  First  ,\ve. 
26  Cortlandt  St. 


PITTSBURGH.  PA. 
NEW  YORK 


WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering  Systems  for  boiler  feed  water 
and  all  industrial  and  domestic  purposes. 


PHILADELPHIA.  PA. 


SCHUTTE  &  KOERTING  CO.  123^7  n  i2th  st. 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Condensers,  Spray 
Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel-Stop,  Stop  Check,  Emergency 
Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam  Traps,  Feed  Water  Heaters,  etc. 


G.  L.  SIMONDS  &  CO.  chicago  ill 

The  \ulcan  Soot  Cleaner  for  Water  Tube  and  Tubular  Boilers;  Hays  Gas  Analysis  Instruments 
for  CO2,  O,  CO,  etc.;  Hays  CO2  and  Draft  Recorder;  Hays  Differential  Draft  Gage;  Dean  Boiler 
Tube  Cleaner,  Eclipse  Smoke  Indicator. 


ERIE,  FENNA. 


THE  SIMS  COMPANY 

Designers  and  Manufacturers  of  Steam  Specialties  and  Power  Plant  AppUances:  Closed  Feed  Water 
Heaters,  Open  Feed  Water  Heaters,  Hot  Water  Generators-Converters,  Laundry  Heaters,  Live  Steam 
and  Water  Mixers,  Exhaust  Heads,  Oil  Extractors,  Oil  Filters,  Compound  Feeders,  Garbage  and 
Refuse  Burners,  Tanks. 


CI       T^Ar;i    lARIIC     MCn       Cd  32  Thirtt-third  St.  BROOKLYN.  N.  Y. 

.     J.       IAULIADUI:.     iTlrU.     \^\J.  Local  Salos  Offices  in  Chicago  and  San  Francisco 

Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Temperatiu-e  and  Pressure. 
Thermometers;  Automatic  Controllers;  Gages;  Oil  Te.sting  Instruments;  Engineers'  Testing  Sets,  Pyrom- 
eters, Barometers,  Hvgrometers,  Hydrometers,  etc. 

See  Page  132  of  Condensed  Catalogues  of  Mechanical  Equipment. 


THE   TEXAS   COMPANY  newyork  Houston 

Lubiicating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops,  Foundries  and  all  general 
purposes.    All  cla.sses  of  Petroleum  Products  of  the  highest  quaUty. 

See  page  142  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 
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WALWORTH  MANUFACTURING  CO.  boston,  mass 

Manufacturers  of  high  grade  Brass,  Iron  and  Steel  Valves;  Power  Plant  Piping;  Screwed  and 
I'langed  Fittings;  Pipe  Fitter's  Tools;  Genuine  Stillson  Wrenches.  Parmelec  Wrenches,  Walco-Hex 
Wrenches. 


Valves 

Power  Plant 
Piping 

Wrenches 


WHEELER  CONDENSER  &  ENGINEERING  CO.        ^'^^^Eiif^lT'' 

Surface.  Jet  and  Barometric  CondeiLsers,  C'unibiucd  Surface  Condensers  and  Feed  Water  Heaters. 
Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry  Vacuum  Pumps  and  Multiple 
Effect  and  Evaporating  Machinery. 

See  page  66,  67  of  Condensed  Catalogues  of  Mechanical  Equipment,  191.3   Volume. 


Condensers 

Pumps 

Cooling 
Towers 


C.  H.  WHEELER  MFG.  CO. 


PHILADELPHIA.  PA. 

NEW  VORK  BOSTON 

CHICAGO  SAN   FRANCISCO 

Manufacturers  of  High  \'acuum  Apparatu.s,  Condensers,  Air  Pumps,  Feed-Water  Heaters,  Water 
Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 

.See  page  65  of  Condensed  Catalogues  of  Mechanical  Equipmentj   191.3   Volume. 


Condensers 

Cooling 
Towers 

Feed-Water 
Heaters 


PHILADELPHIA.  PA. 


YARNALL= WARING  CO.  chestnut  hill 

Manufacturers  of  the  "Lea"  V-Notch  Recording  Meter,  Simplex  Seatless    Blow-off  Valve  and  the 
Simplex  Pipe-Joint  Clamp. 

See  page  9.5  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


Water  Meters 

Blow-oft 
Valves 

Pipe-Joint 
Clamps 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY  CO.  Philadelphia  pa 

The  American  Pulley.  The  fir.st  all  steel  parting  belt  pulley  made.  Now  sold  in  larger  quantities 
than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light,  true  and  amply  strong  for  double  belts. 
ISO  stocks  carried  in  the  United  States. 

See  pages  1.58,  159  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Pulleys 


AUBURN    BALL    BEARING    COMPANY  L-  Elizabeth  Sx  ROCHE.STERNY 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings,  Auburn  Special  Ball  Thrust  Bear- 
ings, Auburn  Steel,  Brass  and  Bronze  Balls,  Solid  and  Hollow. 

See  page  161  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


Ball  Bearings 


THE  A.  &  F.  BROWN  CO. 


79  Barclay  St. 


Manufacturers  of  Shafting,  Pulleys,  Hangers,  etc.,  for  Transmission  of  Power. 
See  page  148  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


NEW  VORK 


Shafting 

Pulleys 

Hangers 


DODGE  MANUFACTURING  COMPANY 


MISHAWAKA.  IXD. 


Everything  for  the  Mechanical  Transmission  of  Power,  Elevating  and  Conveying;  and  Water  Softeners. 
Write  for  "Power  Transmission  Engineering,"  the  most  complete  book  of  its  kind  published.  It  will  help 
you  in  your  specifications. 


Transmission 
Machinery 

Water 
Softeners 

Rope  Drives 

Conveyors 


THE  FAFNIR  BEARING  COMPANY 


NEW  BRITAIN.  CONN. 

Salea  Agents:  The  Rhineland  Machine  Works  Co. 
140  W.  42nd  St.  New  York  City 


High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest  standards  of  accuracy  in  the  world. 
Fafnir  Ball  Bearing  Hanger  Boxes  can  be  used  in  any  standard  hanger  frame. 


Ball  Bearings 
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Power 

Transmisxion 

Appliances 


FALLS  CLUTCH  &  MACHINERY  CO.  cuyahoga  falls  ohio 

Frirtion  Clutch  PuUoys,  Couplings,  Quills,  Operators,  Clutch  Sheaves,  Floor  Stands,  Heavy  Mill 
Bearings,  Shaft  Couplings,  Sheaves  and  TeiL-^iun  Carriages,  Pulleys  and  Fly  \VTieels. 
Sec  piige  149  of  Cowhtised  Catalogues  oj  Mechanical  EguipmciU,   1913  Vohtme. 


Poller 
Transni  ission 


THE   HILL  CLUTCH   COMPANY  Cleveland  omo 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery  for  belt,  rope  or  gear  driving, 
including  the  well  known  Hill  Friction  Clutches  and  Hill  Collar  Oiling  Bearings. 

ISee  page  156  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Cut  Gearing 

Speed 

Reducing 

Transmissions 


D.  O.  JAMES  MANUFACTURING  CO. 


1120-22  W.  Monroe  St. 


CHICAGO 


Specialists  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm  gears,  rawhide  pinions,  racks, 
incased  worm  gear  reductions,  O'K  speed  reducing  transmissions  4:1  up  to  1600:1. 


Pinions  and 
Gears 


NEW  PROCESS  GEAR  CORPORATION 


SYRACUSE,  N.  Y. 


Manufacturers  of  Xcw  Process  Noiseless  Pinions  and  also  of  accurately  cut  Metal  Gears  of  all  kinds. 


Pulleys 

Paper  Friction 
Transmission 


1923  Enclish  Ave. 
INDIANAPOLIS.  IND. 


THE  ROCKWOOD  MANUFACTURING  CO. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority.  You  will  find  our  booklets 
regarding  Transmission  of  Power  by  Belts  and  Friction  Transmission  desirable  additions  to  your  engineer- 
ing librtiry.     Furnished  friM!  to  members  upon  application. 


Power 
Transmission 

Roller 
Bearings 


ROYERSFORD    FOUNDRY   AND   MACHINE   CO.  Philadelphia  p.^ 

Manufacturers  of  Power  Transmission  Machinery  and  Sells  Roller  Bearings. 
See  pages  168,  169  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Leather 
Belting 


CHAS.  A.  SCHIEREN  COMPANY  newyork 

Tanners— Belt  Manufacturers.  Output  100,000  Hides  per  year.  Schieren's  Duxbak  Leather  Belting 
is  of  two  kinds,  waterproof  and  steamproof,  and  is  used  for  all  belting  purposes.  Schieren's  Bull's  Head 
Belting  for  heavy  drives.     Schieren's  Royal  E.'ctra  Belting  for  general  mill  work. 


Leather 
Belting 

Lace  Leather 
and  Welling 


DOVER.  N.  H. 
New  Y'ork        Boston       Chicago 


L.  B.  WILLIAMS  AND  SONS 

Tamiers  and  Mainifacturers  of  Oak  Tanned  Leather  Belting,  Round  Belting,  Lace  Leather,  Belt 
Leather,  Welting,  Strapping,  Finished  Oak  Shoulders,  Slabs,  Bellies,  Scrap  Leather. 


Power 
Transmission 


Papers  on 

Power 

Transmission 


T.  B.  WOOD'S  SONS  CO.  chambersburg.  pa. 

Modern  and  Approved  Apilliances  for  the  transmission  of  Power.      Shafting,   Couplings,   Collars, 
Hangers,  Pulleys,  Belt  Tighteners,  Friction  Clutches,  Rope  Driving  Equipments. 

Sec  pages  154,  155  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  1276.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Robbins,  J.  Riddell 
and  discussion,  pnce  $1.10;  No.  1335.  Variable-speed  Power  Transmission:  G  H.  Barrus  and  O.  1\1. 
Menly,  price  80.10:  No.  S  47  X.  A  New  Theory  of  Belt  Driving:  S.  Haar,  pnce  .*0.20;  No.  1230.  Irans- 
mi.ssion  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  SO. 50. 
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HOISTING  AND  CONVEYING  MACHINERY 


ALLIANCE  MACHINE  CO.  alliance,  ohio 

Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic  Machinery,  Steam  Hammers, 
Piuichcs  and  Shears,  Scale  Cars,  Copper-Converting  Machinerj-,  etc. 

Sir  jKifie  199  of  Condensed  ('atidogucs  of  Mviiianical  Equipment,   1913   VoUune. 


Cranes 

Steam 
Ilarnmers 

Punches  and 
Shears 


ALFRED  BOX  AND  COMPANY  piuladelphia  pa 

Electric 'and  Hand  Power  Cranes,  Portable  Electric  and  Monorail  Hoists,  Complete  Track  Systems. 


Cranes  and 
Hoists 


THE  BROWN  HOISTING  MACHINERY  CO. 


CLEVELAND.  0-.  U   S.  A. 

NEW  YORK  SAN  FRANCISCO 

PITTSBURGH  CHICAGO 

Dcsipners  and  Manufacturers  of  all  kinds  of  Hoisting  Machinen,'.  including  Locomotive  Cranes.  Electric  Travelers. 
I-!)cam  Trolleys  Crabs,  Winches,  etc.,  as  well  as  hoav>-  Hoisting  Machinery  of  all  descriptions.  Also  Ferrt.inclav  ■  for  reinforced 
loncrete  roofing. 

See  ]>a(]f  201  of  Condcn.'^cd  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Hoisting 
Machinery 


H.   W.   CALDWELL   &    SON   COMPANY  newyork        Chicago 

Elevating,  Conveying  and  Power  Transmitting  iVIachinery.  Helicoid  and  screw  conveyors,  machine 
molded  gears,  pulleys,  fly-wheels,  rope  sheaves  and  drives,  sprocket  wheels  and  chain,  buckets,  belting, 
shafting  and  bearings. 

See  page  1S7  of  Condensed  Catalogues  of  Mrchnnicul  Equipment,   1913   Volume. 


Conveyors 

Elevators 

Power 
Transmission 


CLYDE  IRON  WORKS 

Hoisting  Engines  and  Derricks.    All  sizes  and  types  of  engines. 

See  page  204  of  Condcn-feil  Catalogues  cjf  Mechaniced  Equipment,   1913  Volume. 


DULUTH.  MINN. 


Hoisting 
Engines  and 
Derricks 


THE  EASTERN  MACHINERY  COMPANY  new  haven  conn 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Elevators,  Hoisting  Machines, 
Friction  Winding  Drums,  Friction  Clutches  and  Friction  Clutch  Pulleys. 


Elevators 

Friction 
Clutches 

Pulleys 


THE  B.  F.  GOODRICH  CO.  aivron  ohio 

Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife"  "Maxccon"  and  "Grainbelt" 
Conveyors  will  handle  more  tons  per  dollar  of  cost  than  any  other  belt  made. 

See  pages  146,   17.5  of  Condensed  Catalogues  of  Meclumieal  Equipment,   191.3   Volume. 


Conveyor 
Beits 


r     \\J     HITMT"  rc\      ixir"  west  new  Brighton,  new  vork 

^.      Wo     IIUl^I      ^V7.,     11^^.  Chicago        New  Yoke  Citt        W.ishington.  D.  C. 

Coal  Handling  and  Hoisting  Machinery,  Conveyors,  "Industrial"  Railways,  Automatic^Railways, 
Electric  Locomotives,  Storage  Battery  Industrial  Trucks,  Electric  and  Steam  Hoists,  "Stevedore" 
Manila  Rope. 

See  pages  202,  20.3  nf  Condensed  Catalogues  of  Meehanical  Equipment.  1913  Volume. 


Hoisting  and 

Conveying 

Machinery 

Storage 
Battery 
Trucks 


THE  JEFFREY  MFG.  COMPANY  columbls.  omo 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Handhng  Systems  for 
Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples,  Coal  Wa,sheries,  Locomotives,  Coal 
Cutters,  Drills,  etc.    Complete  Coal  Mine  Equipments. 


Elevating 

Conveying 

Mining 
Macliinery 
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Hoisting 
Engines 

Cahleirays 

ytarine 
Transfers 


LIDQERWOOD  MFG.  CO.  %l,behttst       xewyork 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  minor,  warehouseman,  rail- 
roads, shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cableways  for  hoisting  and  conveying. 
Marine  Transfer  for  coal  and  car^o  handling. 


Eleralors  and 
Conveyors 


PHILADELPHI.\  CHICAGO 

INDIANAPOLIS 


LINK=BELT  COMPANY 

Elevators  and  Conveyors  for  everj'  purpose;  all  accessories;  Power  Transmission  Machinery. 
The  Link-Belt  .Silent  Chain  Drive,  Coal  Tijiples,  Coal  ^^'asheries,  Locomotive  Cranes,  etc. 
See  page  192  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Cirarity 
(  arriers 

Conveyers 

Automatic 
Elevators 


MATHEWS  GRAVITY  CARRIER  CO. 


ELLWOOD  CITV.  PA 


Manufacturers  of  Gravity  Carriers,  Conve3-ers,  Spirals,  Chutes,  and  Automatic  Elevators.    Engineer- 
ing Department  at  your  .-service. 


Cranes 


Locomotive 
Cranes 

Grab  Buckets 

Coal  Crushers 


THE  MORGAN  ENGINEERING  CO.  alli.^nce  omo 

Arc  I  he  hiffifst  builders  of  Electric  Traveling  Cranes  in  the  world  We  also  design  and  build  Steel 
Plants  complete.  Hammers,  Presses,  Shears,  Charging  Machines  and  all  kinds  of  RoOing  Mill  and  Special 
Machinerv. 


ORTON  &  STEINBRENNER  CO. 

Manufacturers  of  Material  Handling  Machinery 
Conveying  Machinery,  Coal  Crushers,  Coal  and  Ore  Handling  Plants,  Automatic  Buckets,  Drag  Line 
Excavators. 


CHICAGO.  ILL. 
Locomotive   and  Special  Cranes,  Elevating  and 


Robins  Belt 
Conveyors 


Wire  Rope 


Cranes 

Mono-Rail 
Systems 


Cranes 
Jloists 


Elevating 

Conveying 

Power 

Transmitting 

Machinery 


ROBINS  CONVEYING  BELT  COMPANY  isi.kkrov     newyork 

1lie  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of  conveying 
machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and  similar  materials  under  the 
most  trving  conditions  of  service.    Correspondence  invited. 

iS'rc  page  193  of  Condensed  Catalogues  of  Mcchaiiiod  Equipment.   191.3   Volume. 


JOHN  A.  ROEBLING'S  SONS  COMPANY  trenton  n  j 

Manufacturers  of  Iron,  Steel  and  Copper  Wire  Rope,  and  \\'ire  of  ever\-  description. 
See  page  185  of  Condensed  Catalogues  of  Mrehunical  Equipment,  1913   Volume. 


SHAW  ELECTRIC  CRANE  CO. 

Address  119  W.  40th  St.   New  York,  (See  Manning,  Maxwell 
Electric  Traveling  Cranes  for  all  purposes.     Gantry  Cranes. 
Rail  Systems. 


MUSKEGON.  MICH. 
&  Moore,  Inc.) 
^Miarf  Cranes  and  ^\■iuches.     Mono- 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 


TOLEDO.  OHId 


Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab  Bucket  Machmery;  Electric  and 
Hiuid  Pdwrr  Cranes,  all  types,  any  capacity;  Structural  Steel  for  Factory  Buildings. 


(Succ  -ss  ,r?  t  .  WEB.STEU  MFG  CO.;  TIFFIN.  OHIl  i 
E.\sTERN  Br.v-vch  -.  8S-TO  Re.\de  St.  NEW  YORK 


THE  WEBSTER  M'F'G  COMPANY 

Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all  purposes.    Ove 
thirty  years'  experience  hi  this  hne  and  extensive  facilities  for  manufacturing  give  us  large  advantage 
Belt  "Conveyors  for  handling  cements,  ores,  sand,  grav( 
plants  and  "buildings.     Chain  behing     Gearing. 


etc.    Coal  and  Ash  Handling  Systems  for  power 
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THE  YALE  &  TOWNE  MFG.  CO. 


9  East  40th  St. 


.NEW  YORK 


Makers  of  the  Triplex  Block  and  Electric  Hoists.     The  Triplex  Block  is  made  in  14  sizes,  wilh 
lifting  capacity  of  from  }{  to  20  tons;  Electric  Hoist  in  10  sizes,  }<  to  16  tons. 


Chain  Blocks 

Electric 
Hoists 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  1235.  .Aulomutic  Feeders  fur  Handlnig  Material  in  Bulk:  C.  K.  Baldwin,  price  $0,10;  No.  1234. 
A  Unique  Belt  Conveyor:  E.  C.  Soper,  price  SO. 10;  No.  1300.  Operating  Condition  of  Passenger  Elevators: 
R.  P.  Bolton,  price  .'50.20;  No.  1161.  A  Highspeed  Elevator,  C.  R.  Pratt,  price  .S0.40;  No.  S  52  X.  Me- 
chanical Handling  of  Freight:  S.  B.  Fowler,  price  $0.20. 


Papers  on 
Hoisting  and 
Conveying 
Machinery 


STEEL  WORKS  AND  ROLLING    MILL  EQUIPMENT 


MACKINTOSH,  HEMPHILL  «&  CO. 


pittsiu"p,c;h.  pa. 


Engines,  single  and  compound,  Corliss  reversing  and  blowing.     Rolling  Mill  and  Hydraulic  Machinery 
of  all  lands.     Shears,  Punches,  Saws,  Coping  Machines. 


Engines 

Rolling  Mill 
Machinery 


PITTSBURGH.  P.\ 
ta  Station.  P.  R.  R.,  W.  Humesteacl.  Pa. 


MESTA  MACHINE  CO.  wokhs:m 

*'  Blowing  Engines;  Rolling  Mills;  Pickling  Machines;  Shears;  Forging  Presses;  Gas  and  Steam  Engines 
Condensers;  Air  Compressors;  Power  Transmission  Machinery;  Steel  Castings;  Chilled,  Sand  and  Sfee 
Rolls. 


Steel  Works 
and 

Rolling  Mill 
Equipment 


LEBAXOX.  PA. 


WEIMER  MACHINE  WORKS  COMPANY 

Builders  of  Blast  Furnace  Blowing  engines  and  cc|uipnients.  Cinder  and  hot  metal  cars.  Furnace 
Bells  and  Hoppers.  Rolling  Mill  castings.  Special  attention  paid  to  Cjuick  repair  work  and  work  governed 
by  Engineers'  specifications. 


Blast  Furnace 

Blotting 

Engines 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S6S.  Some  Landmarks  in  the  History  of  the  Rolling  Mill:  C.  H.  Morgan,  price  S0.20;  No.  1319. 
Pressure  Recording  Indicator  for  Punching  Machinery:  C.  C.  Anthony,  price  .$0.10;  No.  1322.  Power 
Forging,  with  special  Reference  to  Steam  Hydraulic  Forging  Presses:  B.  Gerdau  and  G.  Mesta,  price  $0.10. 


Papers  on 
Rolling  Mill 
Machinery 


FOUNDRY   EQUIPMENT 


INQERSOLL=RAND  COMPANY  n  bro.dw.v      newyork 

"Crown"  Sand  Rammers,  floor  and  bench  types;  "Little  David,"  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  }^  to  5  tons  capacity;  Air  Compressors,  twenty  types,  capacity 
8  to  GOOO  cu.  ft.  per  minute. 

See  page,-!  276,  277  of  Condensed  Catalogues  of  Mechanical  EquipmenI,  1913  Volume. 


Sand 
Rammers 

Air  Tools  and 
Hoists 

Compressors 


MUMFORD  MOLDING  MACHINE  CO.  2075 elston avb 

Squeezing  Machines,  Hand  or  Power 
Jolt  Ramming  Machines,  Pneumatic  or  Electric 

See  page  216  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume 


CHICAGO.  ILL. 

Spht  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


Fotindry 
Molding 
Machine 
Equipment 
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MACHINE  SHOP   EQUIPMENT 


Special 
Machinery 


C.  H.  COWDREY  MACHINE  WORKS 

Contractors,  HuildiTs  and  Designers  of  Special  Machinery. 


FITCHBUUG.  MASS 


Clear  Shapers 


THE  FELLOWS  GEAR  SHARER  CO.  springfield  vt 

Manufacturers  of  Gear  Cutting   Machinery  of  the  Most  Advanced  Type.      In  tlie  Gear  Shapcr 
System  a  generating  cutter  is  u.sed  which  is  ground  after  it  has  been  hardened. 
See  page  235  of  Condensed  Catalogues  of  Mechanical  Equipmenl,  1913  Volume. 


Portable 
Electric  Tools 


FORTUNA  MACHINE  CO. 


127  Du.\NE  St.  NEW  YORK 

Boston.  146  Sinmier  St. 
St.  Louis,  200  N.  3rd  St. 


Portable  Electric  Tools  for  Drilling,  Reaming,  Tapping,  Grinding  and  Slotting. 


Milling 
Machines 


THE  GARVIN  MACHINE  COMPANY 


137  V.^BicK  St.  new  YORK   CITY 


Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw  Machines,  Monitor 
Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter  Grinders,  Automatic  Chucks,  etc. 


Special 
Machinery 


Crindinq 
Machines 


THE  HARTFORD  SPECIAL  MACHINERY  CO.  hartford  conn 

Builders  of  High  Grade,  Accurate,  Special  Machinery,  Fixtures,  Jigs  and  Tools. 


THE  HEALD  MACHINE  COMPANY 


WORCESTER,  MASS. 


Manufacturers   of   Grinding   Machines.      Internal   Grinders,    Cylinder   Grinders,  Surface   Grinders, 
Drill  Grinders. 


Air 
Compressors 

Air  Tools 
and  Hoists 


Turret  Lathes 


INGERSOLL=RAND  COMPANY  n  b-cdwo       newyork 

Air  Compressors,  twenty  standard  types,  capacity  8  to  0000  cu.  ft.  per  minute:  "Little  David," 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  capacity  i  2  to 
5  tons.  _  ' 

(SVe  pages  276,  277  of  Condensed  Catalogues  of  Mechanical  Erfiipnienl,  1913  Vohane. 


JONES  &  LAMSON  MACHINE  CO. 


SPRINGFIELD,  VT 


Maimfacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  .sizes  for  both  bar  and  chuck  work. 
See  pages  220-22.^  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  1  olume. 


Heavy  Duty 
Boring  Mills 


THE  KING  MACHINE  TOOL  CO. 

CINCINN.-\TI.  0 

Vertical   Turret    Machines,   28"   and   34".     Vertical 

Boring   and   Turning   Machines,   42"   to  S4", 

inclusive. 
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THE   R.   K.    LE    BLOND  MACHINE   TOOL  CO.  Cincinnati  o 

We  manufacture  a  complete  line  of  Hea\'j'  Duty  Lathes  and  Milling  Machines.  They  are  scientifie- 

ally  designed,  so  the  power  is  limited  only  b\-  the. strength  of  the  cutting  tool.  It  will  pay  you  to 
investigate  our  machines.     Catalogue  upon  request. 


Lathes 

Milling 
Machines 


MANNING,  MAXWELL  &  MOORE,  Inc. 


119  W.  40th  St. 


NEW  YORK 


Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the  world  and  carry  in  stock  the 
product  of  the  foremost  designers  of  the  many  branches  of  machine  tool  buildmg  in  the  United  States. 


Machine  Tools 

Engineering 
Specialties 


THE  WARNER  &  SWASEY  COMPANY 


CLEVELAND.  OHIO 

Branch  Office.s; 

New  York  Chicago  Detroit 

\^'e  ofTcr  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accurately,  rapidly 
and  economical!}'.     Our  catalog,  which  describes  the.se  machuies  fully,  will  be  mailed  on  request. 
See  pngc  229  if  Condensed  CiilnJorjins  of  Mrchnnicnl  Eqnipmitd,   1913   Voluiiic. 


Turret  Lathes 


WELLS    BROTHERS   COMPANY  Greenfield  mass 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting  Tools  and  Machinery. 


Taps  and  Dies 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  12.30.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No.  1.313.  Milling 
Cutters  and  their  Efficiency :  A.  L.  DeLeeuw,  price  $0.30;  No.  1083.  Belt  Creep:  W.  W.  Bird,  price  SO.IO; 
No.  1291.    Symposium  on  High  Speed  Tools:  H.  I.  Brackenbury,  and  Discussion,  price  SO. 70. 


Papers  on 
Machine  Shop 
Practice 


ELECTRICAL  APPARATUS 


SCHENECTADY,  N.  Y. 


GENERAL  ELECTRIC  COMPANY 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  tran.sformers,  locomotives,  lighting  equip- 
ments, air  compressors,  electrically  heated  devices  for  industrial  purposes.  Largest  manufacturer  of 
electrical  apparatus  in  the  world. 

.SVc  pages  272,  273  of  Condensed  Catalogues  of  Mechanical  Eguipnictd,   1913  Volume. 


Electric  Drive 


SPRAGUE  ELECTRIC  WORKS 

uf  GvitLral  Eli-Clric  Cu. 

Manufacturers  of  D.  C.  Generators,  Electric  Motors 
mored  Cable,  Outlet  Bo.xes,  Armored  Hose. 


■-531  W.  34th  St. 


NEW  YORK 


Electric  Hoists,  Electric  Fans,  Conduits,  Ar- 


Generators 
Motors 
Hoists 
Fans 


WAGNER  ELECTRIC  MANUFACTURING  COMPANY        st  louis  mo 

Single-Phase  INIotors.  Polyphase  Motors.  Transformers,  Power  and  Pole  Type.  Instruments,  a 
complete  line.  A.  C.  Generators.  Converters  for  charging  vehicle  batteries  from  A.  C.  Rectifiers  for 
charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electric)  Equipments.  Automobile  Self 
Starters  (Electric),  etc. 


Dynamos 
Motors 
Transformers 
Instruments 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  $0.20;  No.  4S5.  The  Electric  Railway 
as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr.,  price  $0.10;  No.  845.  The  Mechanical  Equipment  of  the 
New  South  Station:  W.  C.  Kerr,  price  $1.00;  No.  1043.  Middlesborough  Dock  Electric  and  Hydraulic 
Power  Plant :  V.  L.  Raven,  price  $0.30. 


Papers  on 
Electrical 
Apparatus 


44 


/'reciaion 
/ristruinents 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

NEWAHK.  X.  J. 

Manuf;icturer.s  of  Miniiiturc  Precision  In.struiiifiit.s  for  Direct  Current. 

Over  300  ranges  anil  types 

for  various  purposes. 

Papers  on 
Electrical 
Apparatus 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

X<>.  472.  Electric  Power  Distribution:  H.  C.  Spauldins.  price  $0.20;  No.  485.  The  Electric  Railway 
as  applied  to  Steam  Roads;  B.  J.  Dashiell,  Jr.,  prii'c  .90.10;  Xo.  845.  The  Mechanical  Equipment  of  the 
New  South  Station;  W.  C.  Kerr,  price  $1.00;  No.  1043.  Middlesborough  Dock  Electric  and  Ilvdraulic 
Power  Plant ;  V.  L.  Raven;  price  $0.30. 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


.1  ir 
Compressors 

Tools 

Hoists  and 

Sand 

Rammers 


INGERSOLL=RAND  COMPANY 

Twenty   standard    Air   Compressor   types,    capacity 
"Crown"  and  "Imperial"  Hammer.s  and  Drills,  all  sizes; 
city;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


11  Broadwav  new  YORK 

8  to   9000  cu.  ft.  per  minute;  "Little  David," 
'Imperial"  Air  Motor  Hoists,  j^  to  5  tons  capa- 


,S', 


n-    juifirs 


276,  277  of  Condensed  Catalogues  of  Mechaniad  Equipment,  1913  Volume. 


Papers  on  Air 

Compressors 

and 

Pneumatic 

Tools 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1320.  Ciimmercial  Application  of  the  Turl)ine  Turbo-Compressors:  R.  H.  Rice,  price,  SO. 30; 
No.  830.  Compression  and  Liquidificationof  Gas:  A.  L.  Rice,  price  $0.10;  No.  804.  A  Pneumatic  Despatch- 
tube  System  for  Rapid  Transportation  of  Mails  in  Cities:  B.  C.  Batcheller,  price  -SO. 30;  No.  1295.  The 
Development  of  the  Air  Brake:  (Presidential  Address)  G.  Westinghouse,  price  SO. 20. 


BLOWERS,  FANS,  DRYERS,  ETC. 


Vacuum 

Drying 

Apparatus 

Vacuum 
Pumps  and 
Condensers 


J.     P.     DEVINE     CO.  1372  Cli-nto.n-  St.  BUFFALO,  \.  Y. 

Vacuum  Drying  Apparatus  (Passburg's  Patents),  High  Efficiency  Vacuum  Pumps  and  Condensers. 
Drying  experiments  with  various  materials  may  be  made  at  our  experimental  station. 
See  page  302  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Voluyne. 


Blowers 

das 
Exhausters 

Pumps 


P.    H.   &    F.   M.    ROOTS   CO.  conxersville  ind 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum  cleaning,  for 
laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas  Exhausters.  High  Pressure 
Gas  Pumps.     Flexible  Couplings. 

Sec  pages  282,  283  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Dryers 


RUQGLES=COLES  ENGINEERING  CO. 


McCoRMicK  Bldg. 
Hudson  Termin.^l 


Dryers.     Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of  materials. 
See  page  301  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Vohaiic. 


CHICAGO 
NEW  YORK 


Fam 
Blowers 
Economizers 
Engines 


HYDE  PARK.  MASS. 


B.  F.  STURTEVANT  COMPANY 

We  make  c(iuipment  to  force  or  exhaust  air  under  all  conditions.  Largest  standard  line  of  "ready  to 
deliver"  Fans  in  the  world  and  special  work  done  where  necessary.  Consulting  representatives  in  or  near 
your  city. 

See  pages  48,  49  of  Co7idenscd  Catalog^^cs  of  Mechanical  Equipment,  1913  Volume. 
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PUMPS  AND   HYDRAULIC  TURBINES 


M.  T.  DAVIDSON  CO. 


43-53  Keap  St.  BROOKLYN.  N.  Y. 

New  Y'ork:  151  N:i^-=^u  St. 
BosTOX:  30  O.iver  St. 


High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Condensers. 


Pumps 

(  ondensers 


THE  GOULDS  MANUFACTURING  COMPANY  seneca  fails  n  y 

Manuticturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal  water-works, 
fine  protection,  hydraulic  elevators,  ]japer  and  pulp  mills,  boiler  feed  pumps,* chemical  pumps  and  air  com- 
pressors, rotary,  centrifugal  and  well  pumps  and  hand  pumps  of  every  kind. 

See  pngr  201   nf  Cotiilcnued  Calalogues  of  Michaiiical  Equipment,   1913   Volume. 


Pumps 

Hydraulic 
Machinery 


HOLYOKE  MACHINE  COMPANY 


HOLYOKE.  MASS. 
WORCESTER,  MASS. 


Water  \Mieels  with  Connections  and  Complete  Power  Transmission,  Water  Wheel  Governors,  Gear- 
ing, Wood  Pulp  and  Paper  Machinery,  Pumps,  Hych'aulic  Presses.    Special  Machinery  to  order. 


Water  Wheels 

Wood  Pulp 
and  Paper 
Machinery 


J.  &  W.  JOLLY,  Inc.  holyoke.  ma.ss. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric  Work.    Paper  Mill  Machinery, 
Shafting,  Gearing,  Pulleys  and  Freight  Elevators. 

See  page  298  of  Condensed-  Catalogues  of  Mechanieal  Equipment,   1913  Volutne. 


Turbines 

Paper  Mill 
Machinery 


LAMMERT  &  MANN 


215-221  N.  Wood  St. 


CHICAGO,  ILL. 


Engineers  and  Machinists. 

Manufacturers  of  Rotary  \'acuum  Pumps  for  highest  dry  vacuum.  Lead  Pumps,  Rotary  Blowers,  etc. 


Vacuum 
Pumps 


I.    P.    MORRIS  COMPANY  Philadelphia  pa 

SpeciaUsts  in  the  design  and  construction  of  high  class,  high  efficiency  Hydraulic  Turbines. 
See  page  299  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Vohwic. 


Hydraulic 
Turbines 


MORRIS  MACHINE  WORKS  baldwi.nsville  n  y 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical   and   Horizontal  Engines   and   Marine 
Engines. 

See  pages  292.  293  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Vohinic. 


Centrifugal 

Pumping 

Machinery 

Engines 


R.   D.   WOOD   &  COMPANY  Philadelphia  pa 

Engineers,  Iron  FoundtTS,  Machinists:— Builders  of  Gas  Holders,  Gas  Plants.  Gas  Producer  Power  Plants.  Hydraulic 
Presses  and  Heavy  Hydraulic  Machinery,  Pumping  Engines,  Centrifugal  Pumping  Plants,  Water  Works  Appliances,  Steel  Tanks, 
Sugar  House  Apparatus.  Special  Machinery.  Manufacturers  of  C.  I.  Pipe,  Gas  Works  Apparatus,  Centrifugal  Pumps,  Hydraulic 
Tools  of  all  description.  Hydrants  and  Valves,  Gas  Producers. 

See  pages  296,  297  of  Co7idensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 
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PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  3S1.  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Committee  Report, 
price  S0.30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  S.  Nagle,  price  $0.10;  No.  1110.  Development 
of  Water-wheel  Governor:  M.  A.  Replogle,  price  SO. 20;  No.  1113.  Turbine  Design  as  Modified  for  Close 
Regulation:  G.  A.  Bovinger,  price  $0.10. 


Papers  on 
Pumps  and 
Hydraulic 
Turbines 
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ENGINEERING  MISCELLANY 


AluminiiDi 


ALUMINUM  COMPANY  OF  AMERICA 

Aluiiiinuiii  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 

S(c  jtdijr  207  ()/  Coiidcnued  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


PITTSBURGH.  PA. 


Die-Castings 


DOEHLER  DIE=CASTING  CO. 


BROOKLYN.  N.  Y 


Our  methods  and  processes  for  producing  Die-Castings  are  generally  conceded  to  be  the  most  reliable 
and  cflicient  known.     Send  for  our  latest  booklet  "Succe.s.sful  Die  Ca.=ting." 


Coal  Mine 
Equipments 
anil  Supplies 


FAIRMONT  MINING  MACHINERY  CO. 


FAIRMONT.  \V.  \A. 


Manufacturers  and  Jobber.*  of  Coal  Mine  Equipments  and  Supplies:  Steel  Mine  Ties,  Car  Hauls,  Car 
Rctarders,  Self-Oiling  Wheels,  Power  Coal  Augers,  Bo.\  Car  Loaders,  Portable  Mine  Pumps,  Mine  Fans. 


Die-Castings 


H.  H.  FRANKLIN  MFG.  COMPANY 

.SYRACUSE.  N.  Y. 

Producers  of  Die-Cast  Parts.     Difficult   parts  completed  when  cast. 

No  tooling. 

Engine  bearings 

a  specialty. 

Rail  Joints 


THE    RAIL    JOINT   COMPANY  1S5  Mad.son  Ave.         new  york  cm- 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special  Rail  Sections,  also  Girder,  Step  or 

Compromise,  Frog  and  Switch,  and  Insulated  Rail  Joints,  protected  by  patents. 
See  page  209  of  Condensed  Catalogues  of  Mechnnicnl  Equipment,  1913  Volume. 


Heating 
Boilers 

Radiators 


THE  H.  B.  SMITH  CO.  westfield  mass 

Sectional  Cxst  Iron  Water  Tube  and  Return  Flue  Boilers.     Also  Direct  and  Indirect  Radiators  for 
Steam  and  AVater  Warming. 

.See  pages  326,  327  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Bright 

Cold  Finished 

.Steel  Bars 


BEAVER  FALLS.  PA. 


UNION  DRAWN  STEEL  CO. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and  Alloy  Steels,  in  Rounds,  Flats, 
Squares,  Hexagons  and  Special  Shapes. 

See  page  263  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Odometers 
Tachometers 
Counters 
Die  Castings 


Water 

Purifying 

.Machinery 


THE  VEEDER  M'F'G  CO.  hartford  conn 

Makers  of  Cyclometers,  Odometers,  Tachodometers,  Tachometers,  Counters  and  Fine  Die  Castings. 
See  page  329  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 
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ELECTRIC  WATER  STERILIZER  CO. 


SCOTTDALE.  PA. 

Manul'acturers  of  Electrical  and  Mechanical  A\'ater  Purifying  Machinery.  Our  Electric  Water  Steri- 
lizing ^Iaclline  is  both  economical  in  consumption  of  electric  current  and  so  simple  that  any  one  of  aver- 
age intelligence  can  take  care  of  it.  Guaranteed  to  deliver  pure  water.  Capsicities  of  stock  machines 
from  40  to  lOUO  gallons  per  hour.  < 
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PROFESSIONAL  CARDS 


HOOPER-FALKENAU  ENGINEERING  CO. 
Industrial  Engineers  and  Architects 

Woolworth  Building,  NEW  YORK  CITY 

THE  ARNOLD  COMPANY 

Engineers — Constructors 

Electrical — Civil — Mechanical 

los  South  La  Salle  Street,  CHICAGO 

ELECTRICAL  TESTING  LABORATORIES,  Inc. 
Electrical  and  Mechanical  Laboratories 

Tests  of  Electrical  Machinery,  Apparatus  and  Supplies. 
Materials  of  Construction,  Coal,  Paper,  etc.  Inspection 
of  Material  and  Apparatus  at  Manufactories. 

8oth  Street  and  East  End  Avenue,  NEW  YORK  CITY 


ELLIOTT  H.  WHITLOCK,  Member  A.  S.  M.  E. 

Consulting  Engineer  Carbon  Expert 

Efficiency  Management 

1506  W.   Ii2th  Street,  CLEVELAND,  O. 

CHAS.  T.  MAIN,  Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201   Devonshire  Street,  BOSTON,  MASS. 

CHAS.  H.  MANNING,  Member  A.  S.  M.  E. 
CHAS.  B.  MANNING, 
Consulting  Engineers 

886  Elm  Street,  MANCHESTER,  N.  H 

BERT.  L.  BALDWIN  &  CO. 
B.  L.  Baldwin,  G.  W.  Simpkinson,  Members  A.S.M.E. 

Plans.  Specifications  and  Superintendence  of  Manufac- 
turing BuiUlings,  Plants  and  Equipments  of  same. 
Porin  Building,  CINCINX.\TI,  OHIO 


ENGINEERING  SCHOOLS  AND  COLLEGES 


NEW  YORK  UNIVERSITY  SCHOOL  OF  APPLIED 
SCIENCE 

Department   of   Civil,   Mechanical   and   Chemical   En- 
gineering. 

For  announcements  or  information,  address 
CHARLES  HENRY  SNOW,  Dean,  University  Heights, 
N.  Y.  Citv 


POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

Course  in  Mechanical  Engineering.  Evening  Post- 
Graduate  Courses.  Fred.  W.  Atkinson,  Ph.  D..  President: 
W.  D.  Ennis,  Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering 


THE  RENSSELAER  POLYTECHNIC  INSTITUTE 

Courses  in  Civil.  Mechanical,  Electrical  and  Chemical 
Engineering  and  General  Science  leading  to  the  degrees, 
C.  E.,  M.  E.,  Ch.  E.  and  B.  S.    Also  special  courses. 

Unsurpassed  laboratories. 

Catalogue  sent  upon  application,  TROY,  N.  Y. 

The  rate  for  insertion  of  announcements  of  Engineering 
Schools  ard  Colleges  is  S3. 00  per  month,  without  regard 
to  number  of  insertions.  Orders  are  accepted  on  a  "till 
forbid"  basis,  subject  to  cancellation  at  any  time  by 
giving  thirty  days'  notice. 
" ■ ■■liiBiiiiiiiiiiiiiiiiiianiiiiiami iiiiiiiiiBiiiiiiiiiiiiiiiiiiiiiBH •■■■Iliiiiiiiiiuii.,-  ,  liiiiiiiiiiiiBaiiiBiiiiiii 
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CRANE  FOR  SALE 


I II  I II  ■■  iin  niinr 


Manufactured  by  the  Northern  Engineering  Works  of  Detroit,  about  nine  years  ago.  Capacity  35  tons,  auxiliary  hoist  5 
tons.  Four  motor  drive,  main  hoist  motor  35  H.P.,  Auxiliary  hoist  motor  10  H.P.,  bridge  travel  motor  22  H.P.,  side  travel 
motor  6J/2  H.P.,  Span  33  ft.  2",  Lift  29  ft.  6",  Speed  of  main  hoist  10  ft.  per  minute,  speed  of  au.xiliary  hoist  20  ft.  per  minute, 
bridge  travel  200  ft.  per  minute,  trolley  travel  100  ft.  per  minute.  All  motors  General  Electric  make,  220  volts,  three  phase, 
60  cycle.  Crane  is  complete  with  a  slate  base  switchboard  and  the  entire  crane  is  in  strictly  first  class  operating  condition. 
Length  of  Span,  etc.,  could  be  altered  by  maker  at  Detroit  before  shipment.     Can  make  immediate  shipment. 


THE  EDISON  ILLUMINATING  COMPANY 


■  ill  lllll  III  II     I 


DETROIT,  MICHIGAN 
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Only  Makers  of  "CUMBERLAND  GROUND"  Shafting 

Large  Stocks  Quick  Shipments 
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Duxbak  in  the  Orient 

Yes,  Duxbak  is  used  in  India — and  in  Java,  Borneo,  the  Straits 
Settlements  and  in  South  Africa  and  South  America,  too — }ou 
might  say  Duxbak  is  the  universal  Belting,  for  foreign  buyers 
were  quick  to  see  the  advantages  of  this  flexible  yet  thoroughly 
water-proof  belting,  and  we  long  ago  established  a  big  business 
in  overseas  trade. 


Hut  back  to  the  Orient —  3o  you 
know  that  in  the  Far  East  belting 
conditions  are  the  severest  in  the 
world.  The  weather  is  one  se- 
quence of  terrific  heat  and  exces- 
sive dampness.  Ordinary  belts 
can't  pull  a  load  long  without  going 
to  pieces,  but  Duxbak  lives  out  its 
natural  life  without  pulling  apart, 
water  logging  or  warping. 
And  Duxbak  has  another  advan- 
tage— you  can  put  it  on  any  drive 


in  your  plant,  wet  or  dry,  big  or 
little,  and  you'll  get  a  better 
return  for  your  money  than  you'll 
get  with  any  other  type  of  dri\-e. 

Possibly  our  expert  belt  man  can 
help  you  solve  some  belting  drive 
that  is  giving  you  trouble.  There 
are  a  number  of  special  drives  and 
applications  used  abroad  that  might 
cut  quite  a  bit  from  your  trans- 
mission costs.  Will  explain  gladh' 
if  vou  will  write  us. 


TANNERS,  BELT  MANUFACTURERS 


25  Ferry   Street,  New   York 

Chicago    -     128  W.  Kilizie  Street  Philadelphia  226  North  3d  Street  Denver 

Boston    641-643 -Ulantic  .-Avenue  Pittsburgh      -      205  Wood  Street  Seattle 

Oak  Leather  Tanneries,  Bristol,  Tenn. 


1752  Arapahoe  Street 
620  Fourth  .Avenue 
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APPLICATIONS  MUST  BE  FILED  BY 
SEPTEMBER  23 


THE  SOCIETY  is  about  to  enter  upon  the  season  of  its 
greatest  activity  and  a  program  which  should  prove  of 
unusual  interest  and  value  has  been  planned  for  the  year 
1914-1915. 

Applications  should  be  filed  not  later  than  September  23 
by  those  who  are  desirous  of  participatmg  in  the  privileges 
which  the  Society  offers,  for  the  following  reasons: 

To  participate  in  the  proceedings  of  the  Annual 
Meeting  which  will  be  held  December  1-4. 

To  be  included  in  the  List  of  Members  appear- 
ing in  the  1915  Year  Book. 

To  secure  the  published  proceedings  and  Trans- 
actions of  the  meetings  held  during  1914-1915. 

To  participate  in  the  frequent  meetings  held  in 
fifteen  cities,  thereby  enlarging  one's  Profes- 
sional knowledge,  acquaintanceship  with  the 
leading  members  of  the  profession,  etc.,  etc. 
Application  forms  and  information  regarding  member- 
ship may  be  obtained  from  the  Secretary  or  from  any  oi  the 
undersigned. 

COMMITTEE  ON  INCREASiE  OF  MEMBERSHIP 


H.  v.  O.  CoEs 

F.    H.    COLVIN 

J.  V.  v.    COLVTELL 


I.  E.  MouLTROpi^  Chairmfm 
E.  M.  Dixon 
W.  R.  Drnm 
J.  P.  Ilsley 

Chairmen  of  Svh-CtnnmiUees 


E.  B.  Katte 
R.  B.  Sheetoak 
H.  Stbtjckmann 


Atlanta,  Pakk  A.  Dalus 
Boston,  A.  L.  Wdluston 
Buffalo,  W.  H.  Carrier 
Chicago,  P.  A.  PoppENHtrsEN 
Cindmiaii,  J.  T.  Faig 
Cleveland,  R.  B.  Sheridan 
Detroit,  H.  W.  Axden 
Los  Angeles,  O.  J.  Root 


New  Korfc,  J.  A.  Kinkead 
Philadelphia,  T.  C.  McBride 
Rochester,  J-  C.  Parker 
St.  Louis,  John  Hunter 
St.  Paul,  Max  Toltz 
San  Francisco,  Thos,  Mokrin 
SeaUk,  R.  M.  Dter 
Troy,  A.  E.  CLtrETT 


Total  Membership  of  the  Society,  August  BO,  1914 
New  Members  since  January  1,  1914 


.5891 
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COMING  MEETINGS  OF  THE  SOCIETY 
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Development  in  Conjunction  with  that  of  Domestic  Water  Supply. 
September,  St.  Paul,  Minn.  Subject:  Power  Development  on 
Mississippi  River  between  St.  Paul  and  Minneapolis.  (Date  of 
meeting  will  be  furnished  upon  application  to  Secy.-  E.  J.  Hemen, 
708  Commerce  Bldg.,  St.  Paul). 

October   8,  Philadelphia  Pa.     Joint  meeting  with  the  Frankhn 
Institute.     Paper  on  Cast  Iron,  by  J.  F.  Johnson. 

October  22,  Bnffalo,  N.  Y.    Address  by  Charles  Whiting  Baker 
on  a  question  of  PubUc  Service. 

November  18,  New  Haven,  Conn.  Fall  meeting  with  after- 
noon and  evening  sessions,  Mason  Laboratory  of  Mechamcal  En- 
gineering,  Sheffield  Scientific  School,  Yale  University.  Subject: 
The  Generation  and  Apphcation  of  Electricity  in  Manufacturmg. 

Annual  Meeting,  December  1-4,  New  York  City.  There  will  be 
a  session  on  Engineering  Metals,  particularly  Steels  of  Construction 
and  for  Tools;  Cast  Irons;  and  Alloys  of  Copper,  Tin  and  Aluminum 
etc  •  and  the  entire  day  on  Thursday,  December  3,  will  be  devoted 
to  the  general  subject  of  the  Engineering  in  connection  with  the 
Administration  of  a  City;  the  session  will  be  opened  by  the  Mayor 
of  the  City  of  New  York.  The  sub-committees  on  Railroads,  Ma- 
chine Shop  Practice,  and  Textiles  are  arranging  for  sessions  and 
there  will  undoubtedly  be  groups  of  papers  given  under  the  direc- 
tion of  other  committees,  besides  one  session  at  which  several  im- 
portant miscellaneous  papers  will  be  read. 
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Because  of  the  many  new  developments  in  the  field 
of  Engineering  Metals  and  their  application  to  meth- 
ods of  manufacture,  it  has  been  decided  to  devote  a 
session  of  the  Annual  Meeting  of  the  Society,  to  be  held 
in  New  York,  December  1-4,  to  this  important  subject. 
Steels  of  construction  and  for  tools,  cast  irons,  and  al- 
loys of  copper,  tin  and  aluminum,  etc.,  will  be  among 
the  phases  to  be  touched  upon.  The  intention  of  the 
Committee  in  planning  this  session  is  to  bring  out  and 
to  make  a  matter  of  common  knowledge  the  advances 
in  this  field  up  to  the  present  time.  The  Sub-Commit- 
tee on  Iron  and  Steel  will  liave  charge  of  the  session 
and  it  is  the  expectation  that  four  papers  will  be  pre- 
sented. 

In  line  with  the  widespread  movement  among  engi- 
neers the  world  over  to  devote  their  knowledge  to  the 
solution  of  public  problems,  the  Committee  on  Public 
Relations,  having  charge  of  the  Society's  activities  in 
this  direction,  will  provide  an  all-day  meeting  on 
Thursday,  December  3,  on  the  subject  of  Public  Serv- 
ice. Papers  on  municipal  engineering  and  related  mat- 
ters will  be  presented.  The  session  will  be  opened  by 
John  Purroy  Mitchel,  Mayor  of  the  City  of  New  York, 
and  the  following  papers  will  be  given  during  the  day : 

Snow  Removal,  a  Report  of  the  Committee  on  Reso- 
lutions of  the  Snow  Removal  Conference  held  in  Phil- 
adelphia, April  16-17,  1914. 

Utilization  op  Municipal  Wastes,  by  Irwin  S.  Os- 
borne, designer  and  operator  of  the  Columbus,  0.,  Gar- 
bage Disposal  Plant,  and  consulting  engineer  of  the 
cities  of  Philadelphia,  New  York,  Washington,  D.  C, 
and  Toronto,  Canada. 

The  Training  of  Municipal  Employees,  by  H.  M. 
Waite,  City  Manager,  Dayton,  0. 

The  Cleaning  op  Public  Buildings,  by  Wm.  H. 
BaU,  Chief,  Bureau  of  City  Property,  Philadelphia. 

The  Future  op  the  Police  Arm.  by  Henry  Bruere. 

Ill 


City  Chamberlain,  New  York  City,  and  Director  of  the 
National  Bureau  of  Mimicipal  Research. 

(JONTROLLING    FACTORS    IN    MUNICIPAL    ENGINEERING, 

by  Morris  L.  Cooke,  Director,  Dept.  of  Public  Works,' 
Philadelphia. 

A  Study  op  Cleaning  Filter  Sands,  by  Sanford  E. 
Thompson,  Consulting  Engineer,  Newton  Highlands, 
Mass. 

Municipal  Colleges  in  Germany,  by  Clyde  L.  King, 
Instructor  in  Political  Science,  University  of  Pennsyl- 
vania, Philadelphia. 

The  Design  and  Operation  op  the  Cleveland  Mu- 
nicipal Electric  Light  Plant,  Frederick  W.  BaUard, 
Commissioner  of  Lighting,  Dept.  of  Public  Utilities,' 
Cleveland,  Ohio. 

In  addition,  the  Committee  wiU  be  glad  to  receive 
sliort  memoranda,  covering  not  more  than  two  pages, 
outlining  any  recent  changes  in  the  conduct  of  differ- 
ent kinds  of  municipal  work  which  tend  to  put  it  upon 
an  engineering  basis,  and  which  may  have  come  under 
tile  observation  of  our  members. 

The  sub-committees  of  the  Committee  on  Meetings 
will  again  contribute  sessions  on  their  special  subjects 
to  the  meeting.  Three  papers  wiU  probably  be  pre- 
sented at  a  session  on  Machine  Shop  Practice,  a  report 
on  The  Steam  Locomotive  of  Today  is  to  be  given  by 
the  sub-committee  on  Railroads,  and  there  will  be  a 
Textile  Session,  with  two  or  three  papers.  Besides 
these  and  others  yet  to  be  arranged  for,  there  wiU  be 
one  or  two  miscellaneous  sessions,  depending  upon  the 
amount  of  time  available.  Among  the  papers  already 
selected  is  one  upon  the  Operation  of  Grinding  Wheels 
in  Machine  Grinding,  by  George  I.  Alden,  and  another 
on  a  Rate  Flow  Meter,  by  Prof.  H.  C.  Hayes. 

Plans  are  already  under  way,  in  charge  of  the  New 
York  Local  Committee,  for  the  social  features  of  the 
meeting,  which  always  constitute  so  important  a  part 
of  the  conventions  of  the  Society. 
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THE    PUBLIC    HEARING    01'    THE    IJOH.ER 
SPECIFICATIONS  COMMITTEE 

September  15,  1914,  in  the  Rooms  of  the  Society 

The  work  of  the  Boiler  Specifications  Committee 
marks  one  of  the  most  important  undertakings  of  The 
American  Society  of  Mechanical  Engineers. 

Dui-ing  the  past  few  yeai's  the  introduction  of  boiler 
inspection  laws  in  various  states  and  cities  has  aroused 
the  necessity  for  the  establishment  of  uniform  require- 
ments and  the  efforts  of  the  Committee  in  this  direction 
have  been  generally  favored  and  supported.  It  has 
been  found  that  the  most  important  interests  are  in 
favor  of  the  best  material  and  construction  known,  and 
the  letters  that  liave  been  received  particularly  from 
those  abroad  quite  generally  indorse  the  position  that 
has  been  taken  by  the  Committee. 

Tile  basic  idea  of  the  Committee 's  work  is  the  f oitqu- 
lation  of  a  standard  of  the  highest  requirements,  there- 
by reducing  the  great  loss  of  life  and  property  in  the 
United  States  from  boiler  explosions  and  derangements, 
which  are  for  the  most  part  preventable.  It  is  the  in- 
tention also  to  create  a  standard  which,  it  is  hoped,  will 
ultimately  be  adopted  by  the  Federal  Government  and 
state  governments  not  now  having  boiler  regulations. 
and,  through  unifoi-m  legislation,  to  produce  such  a 
condition  of  affairs  that  a  boiler  built  for  any  one  state 
w-ill  be  acceptable  in  any  other. 

Where  state  legislation  has  been  enacted,  it  is  hoped 
that  it  will  be  modified  to  conform  to  the  Society's 
model. 

As  announced  in  the  August  number  of  The  Journal, 
the  preliminary  work  of  the  Committee  to  Formulate 
Standard  Specifications  for  the  Construction  of  Steam 
Boilers  and  Other  Pressure  Vessels  and  for  the  Care 
of  Same  in  Service,  which  w'as  completed  last  February 
and  placed  in  the  form  of  a  tentative  report  of  limited 
edition  for  critical  study  and  improvement,  is  now  to 
be  submitted  to  public  hearing  for  further  suggestions 
and  improvement.  The  tentative  draft  was  issued  in 
an  edition  of  1500  for  a  preliminary  study  and  was  sub- 
mitted to  recognized  authorities  throughout  the  civil- 
ized world,  including  non-members  of  the  Society  as 
well  as  members;  it  was  sent  to  boiler  manufacturers, 
prominent  steel  manufacturers,  insurance  companies, 
boiler  users,  consulting  engineers,  operating  engineers, 
and  ail  who  ai'c  known  to  have  special  knowledge  of 
the  boiler  business.  With  each  copy  was  sent  a  request 
that  tlie  recipient  iliould  take  out  whatever  was  con- 
sidered inadvisable  and  add  whatever  would  further 
safeguard  human  life  and  property. 

At  the  St.  Paul-Minneapolis  meeting  much  interest 
was  shown  in  the  work  of  the  Committee.  This  was 
not  considered  as  a  report,  but  a  topical  discussion  of 
some  of  the  more  important  phases  of  steam  boiler  legis- 
lation was  held  and  many  of  the  points  in  boiler  prac- 
tice on  whieli  there  was  a  difference  of  opinion  were 
considered.    There  had  been  a  conference  at  Chicago  on 


JMonday,  June  15,  among  representatives  of  the  Com- 
mittee, the  Association  of  Steel  Manufacturers,  and  the 
National  Tiibular  Boilei'  Manufacturers  Association,  at 
which  the  discussion  was  devoted  largely  to  the  steel 
specifications  desired.  This  discussion  was  continued 
at  the  opening  session  of  the  Spring  Meeting  on 
Wednesday  morning,  June  17,  and  was  transferred 
later  to  a  .separate  meeting  room  w^here  it  was  continued 
the  greater  part  of  the  day.  The  Committee  has  sought 
in  every  way  to  secure  the  fullest  expression  of  opin- 
ion. The  necessity  for  a  carefid  study  of  the  more  im- 
portant factors  involved  was  emphasized  hy  the  Com- 
mittee, and  the  result  of  the  discussion  was  a  resohi- 
tion  calling  for  a  public  hearing  in  New  York  in  Sep- 
tember, as  follows : 

Krxotved,  that  on  September  15,  1914,  the  Committee  hold 
ill  the  rooms  of  The  American  Soeietv  of  Mechanical  Engi- 
neers, 29  West  39th  Street,  New  York,  N.  Y.,  a  hearing  of 
all  interests  concerned  on  the  preliminai-y  report  of  the  Com- 
mittee appointed  to  Formulate  Standard  Specifications  for 
the  Construction  of  Steam  Boilers  and  Other  Pressure  Ves- 
sels and  for  the  Care  of  Same  in  Sei'vice,  and  that  those  de- 
siring to  partieijiate  in  the  discussion  present  their  criticisms. 
and  suggestions  in  writing  prior  to  August  15th. 

Resolved,  that  in  addition  to  invitations,  notification  by 
pubhcation  in  the  technical  press  be  given  to  the  hearing. 

Carrying  out  the  policy  of  the  Committee  and  the 
Society  in  all  of  its  determinations,  invitations  have 
been  sent  out  to  the  following  associations  and  engi- 
neering organizations  known  to  be  interested  in  the 
matter  of  standard  boiler  specifications  : 

A  MERiCAN  Boiler  Manufacturees  Association 
American  Institute  of  Steam  Boiler  Inspectors 
American  Railway  Master  Mechanics  Association 
American  Society  of   Heating   and   Ventilating    Engi-. 

NEERS 

American  Society  of  Testing  Materials 
Association  of  American  Steel  Manufacturers 
City  of  Chicago,  Department  of  Boiler  Inspection 
City  of  Detroit,  Office  of  Chief  Boiler  Inspector 
City  of  New  York,  Department  of  Boiler  Inspection 
City  of  Philadelphia,  Department  of  Boiler  Inspecton 
Committee  on  Relation  of  Railway  Operation  to  Legis-- 

lation 
Indiana  State  Bureau  of  Boiler  Inspection 
Industrial  Commission  of  AVisconsin 
Lntekstate  Commerce  Commission 
Marine  Engineers  Beneficial  Association 
Massachusetts  Board  of  Boiler  Rules 
Massachusetts  Public  Service  Commission 
Monta.na  State  Bo.\rd  op  Boiler  Inspection 
National  Association  of  Boiler  Manufacturers 
National  Association  of  Cotton  Manufacturers 
N.iTiONAL  Association  of  St.\tionary  Engineers 
N.vtional  Association  of  Thresher  Manufacturers 
National  Bureau  of  Standards 
National  Council  for  Industrial  Safety 
N.\TiONAL  Tubular  Boiler.makers  Association 
New  York  State  Commission  on  Uniform  State  Laws 
Ohio  State  Board  of  Boilepl  Rules 
Public  Service  Commission,  2d  District,  New  York  State 
State  of  Illinois 
State  of  Maryland 
State  op  New  York 
State  of  North  Carolina 
State  or  Pennsylvania,   Depakt.ment  of   Labor  a.\d  In-- 

DUSTRT 

State  of  Virginia 
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V.  S.  BoAKi)  of'  Supervising  Inspectors  of  Steam  Vessels 
U.  S.  Bureau  or  Steam  Engineering 
U.  S.  Departaient  of  Commerce 

Any  one  reading  this  notice  and  observing  any  omis- 
sions will  confer  a  favor  both  bj^  notifying  the  organi- 
zation of  the  hearing  and  the  Society,  so  that  an  offi- 
cial invitation  may  be  sent.  Most  of  the  organizations 
named  have  accepted  the  invitation. 

These  organizations  were  invited  to  be  pre.sent  or  to 
have  representation  at  the  hearing  which  will  be  held 
in  the  rooms  of  the  Society  in  New  York,  at  10  a.m., 
Tuesday,  September  15:  and  all  who  had  not  already 
done  so  were  asked  wherever  possible  to  prepare  and 
send  a  statement  in  writing  previous  to  the  hearing,  to 
assist  in  the  deliberations.  A  limited  number  of  copies 
of  the  draft  report  are  still  available  and  may  be  se- 
cured on  application. 

The  foundation  of  these  rules  is  the  Boiler  Law  of 
Massachusetts,  which  has  been  enforced  for  some  time 
and  which  has  recently  been  adopted  by  the  State  of 
Ohio,  the  City  of  Detroit,  and  the  City  of*  Manila  in 
the  Philippine  Islands.  Several  of  the  other  states  are 
now  considering  the  adoption  of  standard  rules  regu- 
lating boilers  and  other  pressure  vessels.  In  the  six 
years  that  the  Massachusetts  Rules  have  been  in  force. 
over  8300  boilers  have  been  constructed  to  that  stand- 
ard and  boiler  explosions  and  derangements  have  been 
reduced  to  a  minimum. 

Much  credit  is  due  to  the  Committee  for  its  tireless 
efforts  in  preparing  the  tentative  report  and  in  collating 
the  enormous  amount  of  data  embodied  in  the  volum- 
inous recommendations  on  wliieh  the  tentative  draft 
was  based.  The  work  has  involved  much  self-sacrifice 
on  the  part  of  the  members,  particularly  Mr.  John  A. 
Stevens,  Chairman,  whose  extensive  experience  as  a 
member  of  the  Board  of  Boiler  Rules  of  the  State  of 
Massachusetts,  in  developing  and  inaugurating  the 
Massachusetts  Standard,  has  been  turned  to  advantage 
in  the  work  here  undertaken.  The  other  members  of 
the  Committee  to  whom  much  credit  is  also  given  are 
W.  H.  Boehni,  R.  C.  Carpenter,  Richard  Hammond,  C. 
L.  Huston,  E.  D.  Meier  and  E.  F.  Miller.  This  work, 
whieli  is  borne  exclusively  by  the  Committee  members 
and  by  The  American  Society  of  Mechanical  Engineers 
is  for  the  benefit  of  the  people  through  the  protection 
of  life  and  property  and  of  the  boiler  industiy  at  large. 
It  is  national  in  character  and  its  effect  will  be  felt  not 
only  by  the  manufacturing  interests  in  easier  condi- 
tions for  selling,  but  also  will  be  of  similar  benefit  to 
the  users  as  it  will  enable  thera  to  secure  boilers  more 
promptly  and  at  less  cost  for  a  safe  boiler. 

The  Society  is  rendering  a  peculiar  sei-vice  in  its  sev- 
eral activities  and  is  endeavoring  to  reach  the  needs  of 
its  members  both  collectively  and  individually,  and  the 
work  of  such  a  committee  as  the  Boiler  Specifications 
Committee  should  have  the  cooperation  and  interest  of 
the  profession  at  large. 


MEETINGS  IN  BUFFALO 

Among  the  most  successful  of  the  recent  organiza- 
tions of  engineers  in  local  centers  has  been  that  in  Buf- 
falo, and  from  plans  already  made  for  the  coming  sea- 
son there  is  every  promise  of  a  decidedly  interesting 
series  of  meetings  in  store  for  the  members. 

As  now  planned,  there  are  to  be  fourteen  meetings, 
commencing  October  22  and  ending  May  G.  The  pro- 
gram is  not  entirely  completed,  but  so  far  tentative  ar- 
rangements have  been  made  for  eleven  of  these  meet- 
ings. These  will  include  addresses  as  follows :  by 
Charles  Whiting  Baker  on  a  Public  Service  subject ; 
Industrial  Ventilating  Equipment,  by  J.  Irvine  Lyle ; 
Use  of  Cast  Iron  in  Reinforced  Concrete,  by  A.  G.  Hill- 
berg;  Heating  and  Ventilating  of  Street  Cars  or  Air 
Conditioning  with  respect  to  Humidity  Control  and 
Removal  of  Dust  in  Industrial  Plants,  by  Prof.  R.  C. 
Carpenter;  Interesting  Features  of  Construction  in- 
volved in  the  Design  of  the  Conners  Creek  Plant  of  the 
Edison  Illuminating  Companj',  by  C.  F.  Hirschfeld; 
Recent  Developments  in  Steam  Turbine  Engineering, 
by  Prof.  J.  A.  Moyer;  Recent  Progress  in  Bridge  De- 
sign and  Construction,  by  Prof.  Henry  R.  Jacoby;  Ma- 
chine Design  and  Construction,  by  Prof.  Dexter  S. 
Kimball,  etc. 

AMENDMENT  TO  THE  CONSTITUTION 

The  following  amendment  to  the  Constitution  is  to 

be  presented  at  the  Annual  Meeting,  December  1914: 

C  45  The  Standing  Committees  of  the  Society  to  be  ap- 
pointed by  the  President  shall  be : 

Finance  Committee 

Committee  on  Meetings 

Publication   Committee 

Membership  Committee 

Library  Committee 

House  Committee 

Research  Committee 

Public  Relations  Committee 

Committee  on  Constitution  and  By-Laws 

Committee  on   Standardization 

The  Committee  on  Standardization  whicli  it  is  thus 
proposed  to  add  to  the  Standing  Committees  of  the 
Society  will  act  as  a  clearing  house  for  all  questions, 
of  standardization  which  come  before  the  Society. 

APPLICATIONS  FOR  MEMBERSHIP 

Members  are  requested  to  scrutinize  with  the  utmost 
care  the  following  list  of  candidates  wlio  have  filed  ap- 
plications for  membership  in  the  Society.  These  are 
sub-divided  according  to  the  grades  for  which  their 
age  would  qualify  them  and  not  with  regard  to  pro- 
fessional qualifications,  i.  e..  the  age  of  those  under  the 
first  heading  would  place  them  under  either  Member. 
Associate  or  Associate-Member,  those  in  the  next  class 
under  Associate-Member  or  Jimior,  while  those  in  the 
third  class  are  qualified  for  Junior  grade  only.  The 
Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  assume  tbeir  share  of  the  respcaisibility 
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of  receiving  these  candidates  into  the  Membership  by 
advising  tlie  Seci-etary  promptly  of  anyone  whose  eli- 
gibility for  membership  is  in  any  way  questioned.  Mem- 
bers will  be  furnished  with  complete  records  of  any 
candidate  thus  questioned.  All  correspondence  in  re- 
gard to  such  matters  is  strictly  confidential  and  is  solelj- 
for  tlie  good  of  the  Society,  which  it  is  the  duty  of  every 
member  to  promote.  These  candidates  will  be  balloted 
upon  by  the  Couueil  uuless  objection  is  received  before 
October  10,  19U. 

NEW  APPLICATIONS 

FOR  CONSIDERATION  AS  MEMBER,  ASSOCIATE  OR  ASSOCIATE-MEM- 
BER 

Baenum,  Theodore  P.,  Secy.,  Barnum  Brothers  Co.,  Trov, 
N.  Y. 

Beener,  Franklin,  Diaftsman  in  Charge,  Bethlehem  Steel 
Co.,  South  Bethlehem,  Pa. 

Benda,  Harry  R.,  Mech.  Engr.,  D.  Auerbaeh  &  Sons,  New 
Y'ork. 

Birch,  G.  Birger,  Secretary,  Cameron  Machine  Co.,  Brook- 
lyn, N.  Y. 

Caughell,  Jewel  N.,  Ch.  Engr.,  Dodge  Bros.,  Detroit,  Mich. 

Corbett,  Ellsworth  A.,  Engr.,  Power  House  Equipment, 
American  Mechanic  Bldg.,  Trenton,  N.  J. 

Daniel,  Allan  P.,  Ch.  Designing  Mech.  Engr.,  Bituminized 
Road  Co.,  Kansas  City,  Mo. 

Deinert,  Edmund  F.,  Ch.  Eugr.  of  Pumping  Plants,  Ha- 
waiian Commercial  &  Sugar  Co.,  Puuuene,  Maui,  T.  H. 

Gibbons,  James  O.  G.,  Asst.  in  Engrg.  Dept.,  The  New  York 
Edison  Co.,  New  York. 

Jones,  Irley  E.,  Secy.  &  Genl.  Mgr.,  The  Brownell  Co., 
Daj'ton,  Ohio. 

Kerr,  Robert  C,  Draftsman  and  Designer,  Sargent  &  Lundy, 
Chicago,  111. 

Knoeppel,  Charles  E.,  Cons.  Engr.,  15  Dean  St.,  Worcester, 
Mass. 

Landgraf,  Frederick  K.,  Genl.  Supt.,  Flanuery  Bolt  Co., 
Pittsburgh,  Pa. 

Leverton,  Ernest  R.,  Contractor  &  Mgr.  of  Elevator  Co., 
Calgary,  Canada. 

McKibbin,  Frederick  W.  J.,  President,  Tompkins  Bros. 
Co.,  Troy,  N.  Y. 

MacMartin,  James  MacGregor,  Ch.  Engr.,  The  Delaware 
&  Hudson  Co.,  Albany,  N.  Y. 

Morlan,  Wilbert,  Engr.,  Pumping  Station,  Queens  County 
Water  Co.,  Far  Rockaway,  N.  Y. 

Morrison,  William  S.,  Ch.  Mech.  Draftsman,  N.  Y.  Edison 
Co.,  New  York. 

Moulton,  Seth  Augustine,  Partner,  Sawyer  &  Moultou, 
Cons.  Engrs.,  Portland,  Me. 

Nakai,  Kumataro,  Engr.,  Ashio  Copper  Mines,  The  Furu- 
kawa  &  Co.,  Ashio,  Shimotsuke,  Japan. 

Parke,  Peter,  CIl  Engr.,  The  Pullman  Co.,  Chicago,  111. 

Patrick,  I.,  Ch.  Engr.,  Consolidated  Press  &  Tool  Co., 
Hastings,  Mich. 

Renwick,  Edward  B.,  Real  Estate  &  Corp(n-atioii  Manage- 
ment, Pirsson  &  Renwick,  New  York. 

ROYER,  Thomas  J.,  Asst.  Supt.,  Generation  &  Transmission, 
Pacific  Lt.  &  Pwr.  Corp.,  Los  Angeles,  Cal. 

Schmidt,  Arthur  A.,  Mech.  Engr.,  Western  Precipitation 
Co.,  Los  Angeles,  Cal. 

TiETZE,  William,  Ch.  Engr.  of  Power  Plants,  Pierce  Phos- 
phate Co.,  Pierce,  Fla. 

Turner,  Frank  C,  Representative,  Southern  Wheel  Co.,  Bir- 
mingham, Ala. 


Tyson,  Robert  E.,  Pres.,  Tyson  Bros.,  Inc.,  Carteret,  N.  J. 
\Volfe,  Henry  G.,  A^sst.  Leading  Mech.  Draftsman,  N.  Y. 

Edison  Co.,  New  Y'ork. 
Wood,  Dexnistowx,  Asst.  Mech.  Engr.  &  Engr.  of  Tests, 

Southern  Pacific  Co.,  San  Francisco,  Cal. 

FOR  consideration  AS  ASSOCLATE-MEMBER  OR  JUNIOR 

Baruch,  Milton,  Mech.  Engr.,  Llewellyn   Iron  Wks.,  Los 

Angeles,  Cal. 
Bass,  Willard  J.,  Erecting  Engr.,  Armour  &  Co.,  Chicago, 

lU. 
Blakeslee,   Dorat   W.,   Designer,   Engrg.   Dept.,   Mathews 

Gravity  Canier  Co.,  Ellwood   City,  Pa. 
Buck,   Tueney   E.,   Tool  Designer,   Sangamo  Electric   Co., 

Springfield,  111. 
Collins,  Richard  C,  Mech.  Engr.,  United  Shoe  Mchy.  Co., 

Beverly,  Mass. 
Cragg.    Walston    S.,   Asst.    Mech.    Engr.,    Holliuger    Gold 

Mines,  Ltd.,  Timmins,  Ont.,  Canada. 
Daniels,  George  C,  Supt.  Pwr.  Plant,  Central  111.  Lt.  Co., 

Peoria,  lU. 
DeLemos,  Sidney  P.,  Mech.  Engr.,  Bureau  of  Public  Bldgs. 

&  Offices,  Borough  of  Manhattan,  New  York. 

Fischer,  Charles  L.,  Motive  Power  Inspr.,  Pennsylvania 
Lines  West  of  Pittsburgh,  Pittsburgh,  Pa. 

Parsons,  Frederick  A.,  Mch.  Draftsman,  Cincinnati  Milling 
Mch.  Co.,  Cincinnati,  Ohio. 

Williams,  Ira  L.,  Avon,  Minn. 

WoRBOis,  Homer  L.,  Gas  Engr.,  Bullock  Tractor  Co.,  Chi- 
cago, 111. 

for  consideration  as  junior 

A-Lden,  John  L.,  Representative,  Oneida  Steel  Pullev  Co., 

Oneida,  N.  Y. 
Anderson,  Robert  E.,  Junior  Mech.  Engr.,  U.  S.  Corps  of 

Engre.,   Cincinnati,   Ohio. 
Baird,  James  T.,  Jr.,  56  Ellsworth  Ave.,  New  Haven,  Conn. 
Forsyth,    James    M.,    Student    Apprentice,    Allis-Chalmers 

Mfg.  Co.,  Prairie  Du  Sac,  Wis. 
HosMER,  Fred  E.,  Asst.  Mech.  Engr.  and  Draftsman,  Gulf 

Pipe  Line  Co.,  Beaumont,  Texas. 
Maine,  Harry  H.,  27  Bandman  Ave.,  Jamaica,  N.  Y. 
Mudge,  Sterling  W.,  Engr.,  Arbuckle  Bros.,  Brooklyn,  N.  Y. 
Potter,  Mark  H.,  Ch.  Engr.,  Oxford  Motor  Cars  &  Foun- 

drys,  Ltd.,  Montreal,  Canada. 
Rahner,  SLiSWELL  L.,  ,S06  Grand  Bldg.,  Atlanta,  Ga. 
Shaw,  John  E.,  with  International  Steam  Pump  Co.,  New 

Orleans,  La. 
Shirley,  John  G.,  Student's  Course,  The  Chapman  Valve 

Mfs'.  Co.,  Indian  Orchard,  Mass. 
Simmons,  Harry  M.,  84  North  Pearl  St.,  Albany,  N.  Y. 
Stowell,  Howard  E.,  Draftsman,   The  Carborundum   Co., 

Niagara  Falls,  N.  Y. 

APPLICATIONS  rOR  CHANGE  OF  GRADING 

promotion  from  associate 

Croghan,  John  T.,  Supt.  of  Constr.,  Stone  &  Webster 
Engrg.  Corp.,  Boston,  Mass. 

promotion  from  junior 

Webster,  Lawrence  B.,  Engr.  on  Valuations,  American  Gas 
&  Elec.  Co.,  N.  Y".,  and  Engr.,  Committee  on  Appraisals, 
Ohio  Elec.  Lt.  Association,  Cleveland,  Ohio. 

Wilder,  Sylvanus  W.,  Supt.,  Dolphin  Jute  Mills,  Pater- 
son,  N.  J. 

summary 

New    applications 55 

Applications  for  change  of  grading 

Promotion  from  Junior 2 

Promotion  from  Associate 1 

Total    58 


POWER  DEVELOPMENT  AT  THE   HIGH   DAM  BETWEEN 

MINNEAPOLIS   AND  ST.    PAUL 


BY  ADOLPH  F.  MEYER.i  ST.  PAUL,  MINX. 

Non-Mcnibcr 


The  project  for  the  improvement  of  the  Mississippi 
Kiver  between  Minneapolis  and  St.  Paul  had  its  incep- 
tion in  1866.  No  definite  action  was  taken,  however, 
until  1894,  when  plans  were  developed  for  two  locks 
and  dams  of  about  13-ft.  lift  each,  one  at  the  site  of 
the  present  High  Dam,  and  another  about  three  miles 
above  the  High  Dam,  near  the  Selby  Avenue  Bridge. 

Work  was  commenced  on  the  upper  dam,  known  as 
dam  No.  2.  After  about  $750,000  had  been  spent,- in 
the  days  when  diy  concrete  was  the  order  of  the  daA' 


a  1300-h.p.  development  would  not  warrant  the  carry- 
ing out  of  the  project. 

This  board  predicted,  however,  that  before  many 
years  had  elapsed  it  would  be  economically  desirable 
to  build  a  high  dam  in  the  vicinity  of  the  proposed  Low 
Dam  No.  1,  which  is  the  site  of  the  present  High  Dam, 
wliere  a  head  of  probably  35  ft.  might  be  secured,  and 
a  total  of  15,000  to  20,000  h.p.  developed. 

The  matter  of  power  development  was  temporarily 
dropped  until  1910  when  a  report  was  made  by  a  sec- 
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Vui.  1     Map  of  Minneapolis  anvi  St.  Paul  showinx.  Location  of  the  High  Dam 


and  Portland  cement  was  a  luxury  that  could  be  ad- 
vantageously diluted  with  ground  sand,  the  proposi- 
tion of  utilizing  the  fall  in  the  Mississippi  River  in  this 
vicinity  for  power  development  received  the  attention 
of  a  special  board  of  U.  S.  Army  engineers,  in  1907. 
This  board  reported  that  no  power  could  be  economic- 
ally developed  at  the  proposed  13-ft.  dam  No.  1,  at  the 
site  of  the  present  High  Dam ;  that  a  small  plant  might 
be  installed  at  dam  No.  2 ;  but  that  the  probable  sa\'ing 
estimated  at  $2000  per  annum  which  would  result  from 

'  Consulting  Engineer.  lOiiO  Germania  Life  Bldg. 
Presented  .at  the  Spring  Meeting,  at  St.  Paul-Minneapoli.s,  1914, 
of  The  American  Society  of  Mechanical  Engineers. 


ond  board  of  U.  S.  Army  engineers  favorable  to  the 
construction  of  the  High  Dam.  The  sentiment  of  the 
board  as  well  as  of  the  community  was  in  favor  of  co- 
operation with  the  cities  of  Minneapolis  and  St.  Paul 
and  both  cities  passed  resolutions  pledging  themselves 
to  pay  the  additional  cost  of  raising  the  projected  nav- 
igation dam  to  a  height  of  approximately  thirty  feet 
to  permit  the  development  of  water  power. 

The  Board  of  Engineers  for  Rivers  and  Harbors 
concurred  in  the  recommendations  of  the  Special 
Board  and  the  Chief  of  Engineers  recommended  that 
negotiations  be  entered  into  whereby  the  municipalities 
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of  ^liiuieapolis  and  St.  Paul  would  become  the  lessees 
of  any  surplus  power  that  might  be  created. 

In  the  River  and  Harbor  Act  of  1910  Congress 
adopted  the  modified  project  as  recommended  by  the 
Chief  of  Engineers,  with  the  provision  ''  Tliat  in  the 
making  of  leases  for  water  power  a  reasonable  com- 
pensation shall  be  secured  to  the  United  States,  and  the 
I'ates  as  fixed  sliall  be  subject  to  revision  by  Congress. '" 

At  the  following  session  of  the  Legislature  of  Minne- 
sota a  bill  was  passed  permitting  the  fonnation  of  pub- 
lic corporations  for  the  purpose  of  developing  water 
power.  Under  this  act  there  was  immediately  incor- 
porated the  Municipal  Electric  Company,  composed  of 
the  State  University  and  the  cities  of  Minneapolis  and 
St.  Paul. 


detailed  analysis  of  available  power  which  was  made, 
however,  tlie  records  kept  by  the  U.  S.  Engineer  office 
at  St.  Paul,  during  the  eight  years  from  190-5  to  1912 
inclusive,  have  been  used. 

The  diagram  in  Fig.  9  sliows  graphically  the  eleva- 
tion of  "  tail  water  "  and  "  head  water  "  at  the  va- 
rious rates  of  discharge.  Tlie  head  water  curve  gives 
elevations  one  foot  below  the  maximum  permissible 
elevation  as  computed,  to  which  the  water  above  the 
dam  can  be  raised  without  producing  backwater  at  the 
lower  power  dam  in  Minneapolis.  The  pi'esent  dam  is 
being  constmcted  with  its  crest  at  an  elevation  of  743.5 
Cairo  datum.  The  taU  water  cui-ve  gives  the  mean 
elevation  of  the  water  surface  for  various  rates  of  dis- 
charge, based  on  the  readings  of  the  government  gage 


Fig.  2     Site  of  D.vu  No.  1,  ICnow.n'  as  High  Dam,  Across  the  Mississippi,  Between  Minneapolis  and  St.  P.\ul 


In  1913  a  bill  was  introduced  in  Congress  by  Hon. 
F.  C.  Stevens,  providing  for  a  cooperative  agreement 
with  the  cities  of  ilinneapolis  and  St.  Paul  and  the 
State  University,  w'hereby,  if  it  becomes  a  law,  the  Mu- 
nicipal Electric  Company  may  lease  tlie  available  wa- 
ter power  upon  the  condition,  among  other  things, 
that  this  ('(jiniKniy  pay  not  less  than  3  per  cent  interest 
on  the  amount  wliicli  the  govei'nnient  will  have  ex- 
pended f'oi-  the  pui"pose  of  making  the  water  power 
available. 

AVAILABLE   POWKR 

Tlie  amount  of  watrr  power  wliieh  will  become  avail- 
able through  the  construction  of  the  High  Dam  can 
be  ascertained  with  considerable  accuracy,  inasmuch  as 
good  physical  data  are  available. 

Estimates  of  stream  flow  have  been  made  by  the  St. 
Anthony  Falls  Water  Power  Company  and  the  Min- 
neapolis Mill  Company  at  their  plants  in  Minneapolis, 
covering  a  period  of  moi-e  than  20  years.    In  the  more 


at  the  site  of  the  dam  during  the  past  eight  j'ears,  tak- 
ing into  account  the  lowering  of  the  tail  water  which 
will  result  from  dredging  a  6-ft.  channel  below  the 
lock,  the  backwater  from  the  ilinnesota  River  at  flood 
stages,  and  backwater  from  ice  conditions  in  the  winter. 

The  head  cui-A-e  gives  the  mean  liead  which  would  be 
available  on  the  assumption  of  three  feet  of  flashboards 
on  the  dam  at  low  water,  and  a  turbine  installation 
capable  of  using  about  5000  cu.  ft.  per  second.  It  will 
be  noticed  that  the  liead  varies  from  a  maximum  of 
361/4  ft.  at  low  water  to  a  minimum  of  22  ft.  during  ex- 
treme flood  conditions,  such  as  might  occur  for  a  few 
days  perhaps  once  in  ten  years.  The  normal  head  may 
be  assumed  as  31  ft.  For  perhaps  twenty  days  a  ye&r 
on  an  average,  or  Siz-o  per  cent  of  the  time,  the  avail- 
able head  w"ill  be  reduced  dui-ing  high  water  to  less 
tlian  29  ft. 

Water  Available.  Table  1  gives  tlie  mean  monthly 
stream  flow  at  the  dam  site  for  the  years  1905  to  1912 
inclusive.     It  will  be  noticed  that  the  mean  monthlv 
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TABLE   1 


MEAN  .MONTHLY  DISCHARGE 
1905-1913 


1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

c.f.s. 

c.f.s. 

c.f.s. 

c.f.s. 

C.f.3. 

c.f.s. 

.c.f.s. 

cf.s. 

c.f.s. 

Jan 

3174 

6667 

6220 

2390 

3350 

4198 

1764 

1840 

2600 

Feb 

2745 

6280 

6250 

2750 

3300 

4011 

1799 

1750 

2200 

Mar 

5241 

7320 

11600 

4550 

4300 

9470 

2338 

2140 

2880 

Apr 

9775 

24653 

25099 

8185 

11721 

S640 

3404 

7080 

5125 

May 

21013 

20227 

13673 

13300 

11910 

6280 

4688 

16080 

7850 

June 

23749 

29090 

1868 1 

32079 

11950 

4330 

4762 

7240 

6015 

July 

31762 

16S25 

8266 

14364 

6160 

*3500 

3719 

5280 

8950 

Aug 

15700 

9185 

7347 

6992 

8570 

*3400 

3400 

5100 

6255 

Sept 

12874 

10965 

7149 

5100 

6480 

*3S00 

3588 

5020 

5990 

Oct 

11067 

11378 

7674 

5980 

5420 

3210 

4351 

4840 

Nov 

9743 

11301 

7745 

5070 

5350 

2690 

2712 

3840 

Dec 

8163 

6980 

3310 

3800 

5120 

2010 

2355 

2890 

Mean 

Annual. . . 

12920 

13390 

10250 

8710 

6965 

4630 

3240 

5260 

*  Modified  on  basis  of  Anoka  discharge. 

flow  is  below  2000  ou.  ft.  per  seeoud  for  four  luoutlis 
in  eight  years.  Tlie  minimum  mean  monthly  flow  is 
1750  cu.  ft.  per  second.  In  computing  the  minimum 
amount  of  power  which  would  become  available  at  the 
dam,  an  extreme  minimum  flow  of  800  cu.  ft.  per  sec- 
ond has  been  assumed.  Such  a  flow,  however,  has  in 
the  past  occurred  for  only  a  portion  of  a  day  during 
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Fig.  3     Construction  \"iew  of  Power  House,  July  1913 

sudden  periods  of  extremely  cold  weather.  On  such 
occasions  the  normal  flow  of  1500  to  2000  cu.  ft.  per 
second  is  usually  re-established  in  two  or  three  days. 
A  minimum  winter  flow  has  been  assumed  as  follows : 
800  cu.  ft.  per  second  for  one  day ;  1300  cu.  ft.  per  sec- 
ond for  tliree  da.ys ;  1500  cu.  ft.  per  second  for  five 
days;  and  1750  cu.  ft.  per  second  for  one  month. 

Effect  of  Pondage.  Tlie  area  of  the  pool  above  the 
dam  at  the  740  contour  has  been  determined  by  plani- 
meter  measurements  on  recent  government  maps  to  be 
22,500,000  sq.  ft.  Assuming  the  pool  to  be  full  to  the 
top  of  the  flashboards  at  tlie  approach  of  an  extremely 
cold  spell,  the  water  surface  would  be  lowered  4.2  ft. 
in  order  to  augment  the  supply  from  800  cu.  ft.  per 
second  for  one  day,  and  1300  cu.  ft.  per  second  foi'  two 


additional  days,  to  a  mean  of  1500  cu.  ft.  per  second. 
As  the  available  head,  in  winter,  would  be  at  least  361/j 
ft.,  the  net  head  which  would  remain  available  after 
drawing  down  the  pool  would  still  be  32.3  ft.  Hy  oper- 
ating the  steam  pumps  to  provide  the  municipal  water 
supply  for  Minneapolis  and  St.  Paul,  or  by  di-awing 
upon  the  supply  stored  in  the  reservoirs,  or  both,  the 
station  load  can  be  sufficiently  reduced  to  enable  the 
]iool  to  fill  again  in  two  or  three  days. 


Fig.  4     \'ie\v  of  High  D.\m,  .J.^nuary  1914 

rower  Avuilubh .  Table  2  gives  the  number  of  days 
per  year  during  which  certain  amoimts  of  power  in 
blocks  of  1000  kw.  would  have  been  available  for  each 
year  from  1905  to  1912  inclusive.  A  flow  of  1750  cu. 
ft.  per  second  corresponds  to  about  4000  kw.  at  the 
switchboard,  assuming  an  overall  efficiency  of  75  per 
cent ;  1500  cu.  ft.  per  second  under  32.3  ft.  head  cor- 
responds to  about  3100  kw.  This  is  the  maximum 
iimount  of  power  which  could  be  counted  on  with  posi- 
tive certainty  24  hours  of  the  day,  and  every  day  in 
the  year. 

ECONOMICAL  SIZE  OF  INSTALLATION 

The  desirability  of  utilizing,  for  power  development, 

TABLE  2     NU.MBER  OF  DAYS  PER  YEAR  CERTAIN  AMOUNTS  OF 
POWER  WOULD  HAVE  BEEN  AVAILABLE 
1905-I9I2 


Year 

1000 
kw. 

2000 
kw 

3000  4000  .5000 

kw.|  kw.  1  kw. 

6000 
kw. 

7000 
kw. 

8000 
kw. 

9000 
kw. 

10000  10500 
kw.   kw. 

1905 

365 
365 
365 
366 
365 

365 

365 
365 
366 
365 

365  365  365 
365  365  ]365 

365  362  349 

366  366  j366 
365  365  365 
365  .363  |290 

365  362  |307 

366  363  329 

365 
365 
332 
363 
365 
262 
244 
273 

365 
365 
322 
349 
357 
215 
202 
256 

365 
365 

288 
303 
340 
133 
142 
241 

353 
365 
262 
270 
305 
113 
90 
228 

326 
342 
261 
227 
266 
104 
45 
203 

297 

1906 

317 

1907 

1908 

243 

ISO 

1909 

105 

1910 

365  365 

365  ,365 

366  366 

91 

1911    

25 

1912 

140 

2922'2922  2922  2911  2736 
365'  365  365l  3641  342 

2569 
322 

88,2 

43 

2429 

304 

83.4 

61 

2175 

272 

74.5 

93 

2085 

261 

71.5 

104 

1873 

234 

64.3 

131 

1456 

182 

Per  cent 

Mean  deficiency 

100  100  100 

99,8  93.7 
1   23 

50 

183 

i 
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water  whic-h  is  available  for  only  a  portion  of  the  year, 
is  dependent  mainly  upon  the  relative  cost  of  produc- 
ing powei'  Ijy  steam  plants  and  by  water  power  plants. 

If  tile  cost  of  operating  a  given  steam  power  plant 
a  certain  number  of  hours  a  day  for  the  jiortion  of  the 
year  dui-ing  which  additional  water  is  available  is 
greater  than  the  fixed  ciiarge  would  be  on  the  addi- 
tional water  power  installation,  plus  the  cost  of  oj)er- 
ating  this  additional  installation  for  that  portion  of 
the  year,  it  would  pay  to  dcveloji  such  power. 

Tlie  curves  in  Fig.  10  are  based  on  the  followijig  as- 
sumptions:  The  Federal  Governiuent  will  liave  invested 


Vsi,.  .")     \iEw  OF  High  Dam,  March  191 1 

about  -+600,000  in  a  modification  of  tlie  navigation  pio- 
ject,  to  provide  for  the  utilization  of  water  power,  con- 
sequently the  fixed  charges  on  this  amount  must  be 
borne  by  whichever  size  of  installation  is  adopted.  It 
will  at  once  be  apparent  that  the  larger  the  installation, 
the  less  tlie  fixed  charge  per  horsepower  will  l)e.  This, 
of  course,  is  true  only  within  reasonable  limits,  as  tlie 
draft  tubes  have  already  been  built,  and  hence  the  fric- 
tion and  other  losses  resulting  from  the  diseliarge  ot 
larger  quantities  of  water  by  a  larger  turbine  installa- 
tion will  lowi-r  the  effieieiiey  of  the  plant. 

A  detailed  estimate  of  tlii'  total  cost  of  an  installa- 
tion necessary  to  develop  about  l.'5,200  h.]).  is  made 
later  in  this  paper.  The  government  investment 
amounts  to  $52. oO  ]ier  h.p.  and  the  additional  cost  of 
installation  will  ainoimt  to  about  $41. "jO  per  h.p.,  or  $60 
j)er  kw. 

The  estimated  fixed  ehai'ge  for  each  additional  kilo- 
watt of  cajjacity  of  water  powi'f  iiistall<itioii  is  iiiaile  up 
of  the  following  items: 

4'.2  per  rent  intorpst  on  .SGO.OO .12.70 

.'>iiikiii(;  fund 0.40 

Depreciation   (or  renewal  fund) 3.00 

.\nnual  fixed  ciiarge $6. 10 

The  cost  of  operation  for  tlie  additional  water  power 
installation  is  <'stimated  at  .$:j  per  kw.  per  year.     The 


cost  of  operation  for  the  steam  plant  is  on  the  basis  of 
large  modern  units.  Plants  of  25,000  to  50,000-kw. 
capacity,  using  large  units  and  operating  on  a  50  per 
cent  load  factor,  can  produce  electrical  energy  at  an 
operating  cost  of  aboii.t  0.45  cent  per  kw-hr.  This  is 
equivalent  to  a  total  cost  of  about  $28  per  kw.  per  year 
for  12-hour  power. 

It  would  appear  from  tiie  curves  in  Fig.  10  that  the 
cost  of  furnishing  8-hour  powei-  by  a  large  steam  plant 
would  be  the  same  as  the  cost  of  furnishing  such  power 
liy  a  hydroelectric  plant,  using  water  available  58  per 
eeiit  of  the  time.  The  cost  of  12-hour  steam  power 
■.voiild  just  equal  the  cost  of  hydroelectric  power  pro- 
duced from  water  availal)le  .37  per  cent  of  the  time. 
As  the  ordinary  commercial  light  and  power  loads  have 
a  load  factor  averaging  between  35  and  50  per  cent,  it 
would  appear  desirable  to  install  a  plant  capable  of 
using  all  the  water  \vhich  would,  on  an  average,  be 
available  for  at  least  40  per  cent  of  the  time,  provided 
the  owner  of  the  water  power  possessed  a  large  steam 
plant. 

1  f   the   Municipal   Electric    Company    undertook   to 


Fig.  6     Vikw  of  Forebay,  February  191-i 

ilc'Velo])  this  ])ower.  liowever.  it  would  either  have  to 
Sell,  in  the  open  market,  any  suiiilus  power  not  re- 
quired for  public  pui-poses,  developed  from  water  avail- 
able for  only  a  portion  of  the  year,  or  else  install  a 
steam  auxiliary.  If  it  sold  the  excess  power  in  the  open 
market  to  consumers  who  wei'e  developing  their  own 
jiower  by  a  large  steam  plant,  it  could  not  expect  to 
receive  more  than  about  75  per  cent  of  what  this  jiower 
might  be  worth  to  said  consumers. 

On  this  basis,  power  developed  from  w-ater  available 
50  per  cent  of  the  time  might  just  find  a  market  with 
consumers  who  were  developing  12-liour  steam  power. 
When  available  at  all,  such  excess  power  coidd  be  fur- 
nished at  any  time  of  the  day,  and  for  24  hours  if  nec- 
essary, but  it  would  have  to  be  either  utilized  or  wasted, 
as  the  water  could  not  be  stored.  Ample  notice,  how- 
ever, could  be  given  consumers. 
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On  the  above  assumptious,  it  would  appear  advisable 
to  install  a  plant  of  10,500-kw.  capacity,  inasmuch  as 
this  amount  of  power  would  be  available  for  at  least 
50  per  cent  of  the  time,  according  to  Table  2,  smaller 
amounts  being  available,  of  course,  for  longer  periods. 

In  case  the  company  installed  a  steam  auxiliaiy  plant 
to  suppl,y  power  on  days  when  the  necessary  water  was 
not  available,  so  that  the  power  from  the  combined 
source  could  be  furnished  any  hour  of  the  day  and 
eveiy  daj'  of  tlie  year,  tlie  fixed  charge  would  have  to 
be  paid  on  the  combined  installation,  and  the  total  cost 
of  furnishing  such  power  would  again  depend  upon  tlie 
per  cent  of  time  the  water  was  available. 

It  is  assumed  that  the  steam  auxiliaiy  power  plant 
would  have  a  capacity  of  about  5000  kw.  and  would 
cost  $90  per  kw.  The  fixed  charge  is  assumed  as  9.8  i)er 
cent,  or  $8.80  pel-  kw.  jier  year,  composed  of  the  follow- 
ing ittnns : 

Interest 4.5  per  cent 

Sinking  fund 0.5  per  cent 

Dppreoi;ition   (or  renewal  fund) 4.8  per  cent 

Total  fixed  charge 9.8  per  cent 

The  fixed  charge  on  the  additional  water  power  in- 
stallation is  assumed  as  $6.10  per  kw.  per  year,  in  ac- 


FiG.   7     Construction  View,  February  1913,  Showing  T.\il 

R.\CE 

cordance  with  the  detail  estimate  previously  given. 
Power  from  such  a  combined  source  would  have  to 
compete  with  power  produced  by  large  steam  plants,  if 
not  utilized  by  the  Municipal  Electric  Company  itself. 
It  would  appear  from  the  curves.  Fig.  11,  that  water 
would  need  to  be  available  84  per  cent  of  the  time  in 
order  to  bring  the  cost  of  combined  power  down  to 
the  cost  of  8-hour  steam  power  produced  by  large 
plants.  For  water  available  75  per  cent  of  the  time,  the 
cost  of  combined  power  would  just  equal  the  cost  of  12- 
hour  steam  power,  and  for  water  available  70  per  cent 
of  the  time,  the  cost  would  just  equal  16-hour  steam 
power.    The  cost  of  24-hour  power  developed  by  such  a 


combined  plant  tising  water  available  less  than  64  ])er 
cent  of  the  time,  would  be  greater  than  the  cost  of  24- 
hour  power  develoj^ed  by  a  large  steam  plant. 

Considering  the  cost  of  connecting  up,  by  pole  line 
or  conduit,  to  some  large  plant,  and  of  the  difference 
between  cost  and  market  price  of  powei',  it  is  probable 
that  the  Jlunieipal  Electric  Company  eouhl  not  pui- 
chase  even  large  blocks  of  peak  power  at  less  than  0.9 
cents  per  kw-hr.  for  12-lioui-  power.  On  this  basis  it 
would  just  pay  to  install  turbines  capable  of  developing 
water  power  which  would  be  available  at  least  50  j)er 
cent  of  till-  time,  and  to  add  a  .jOOO-kw.  .steam  auxiliarv 


Fic:.  8     Lock  .\nd  G.\te.  April  1913 

plant  when  the  Municipal  Electric  Company's  own  di-- 
mands  for  power  warranted  such  installation. 

INSTALLATION    PROPOSED 

The  great  reduction  in  liead  during  high  water 
makes  it  necessary  to  install  a  plant  of  very  much 
greater  turbine  capacity  than  would  be  necessary  under 
more  uniform  head  conditions.  At  times  of  high  water 
there  is  not  only  a  reduction  in  the  available  head.  Init 
also  a  reduction  in  the  amount  of  water  which  any 
given  turbine  installation  is  capable  of  utilizing.  As 
tlie  discharge  from  turbines  varies  witli  tlie  square  root 
of  th(>  head,  any  given  turbine  installation  at  the  High 
Dam  operated  at  a  certain  gate  opening  will  be  able 
to  discharge  only  about  eight-tentlis  as  much  water 
under  flood  conditions  as  under  low  water  conditions. 

On  the  basis  of  Holyoke  test  data,  a  preliminary 
study  was  made  of  the  probable  performance  of  tur- 
bines of  the  size  which  it  will  be  necessary  to  install 
in  order  to  develop  the  contemplated  powi-r.  operating 
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uiickT  tilt'  fouditioiis  wiiicli  will  obtain  at  the  High 
Dam,  i.e.,  under  a  head  vaiying  from  36.5  ft.  at  low 
water  to  22  ft.  at  extreme  flood  stage.  After  this  pre- 
liminai-j-  study  had  been  made,  it  appeared  desirable 
tentatively  to  recommend  the  installation  of  four  units 
having  a  rated  caj)aeity  at  full  gate  under  low  water 
head  of  about  5000  h.p.  per  unit;  either  oue  or  two 
runners  to  be  used  on  each  sliaft  and  the  turbines  to 
be  direct-connected  to  3500-kva.  generators.  Even  this 
installation,  however,  would  be  capable  of  developing 
only  about  7000  kw.  at  extreme  higli  water.  Very  good 
efficiencies  would  be  secured  vmder  heads  ranging  from 
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Rates  of  Discharge 


32  to  3GI2  ft.  when  operating  such  turbines  at  from 
65  to  90  per  cent  gate  opening.  Four  units  would 
carry  the  normal  station  load  of  10,500  kw.  when  oper- 
ating at  about  72  per  cent  gate  opening  and  under  a 
34-ft.  head.  Such  an  installation  would  also  be  capa- 
ble of  developing  10,500  kw.  during  ordinary  flood  con- 
ditions, under  a  29-ft.  head,  when  all  four  units  were 
operated  at  approximately  full  gate  opening.  Three 
units  at  full  gate  opening  under  low-water  head,  with 
only  a  small  overload  on  the  generators,  depending  on 
the  power  factor,  would  also  be  capable  of  developing 
10,500  kw. 

It  is  believed  that  the  rather  large  installations 
would  be  fully  warranted  by  the  conditions  under 
which  this  plant  would  be  required  to  operate.    "Wliile 


the  full  rated  capacity  of  the  plant  at  low  water  and 
under  full  gate  might  be  considered  as  20,000  h.p.,  the 
noi-mal  capacity  would  really  be  only  about  15,200 
h.p.,  inasmucli  as  it  would  be  poor  policy  not  to  have 
a  reserve  unit  under  ordinary  conditions  of  head, 
stream  flow,  and  load. 

PROB.VBLE    COST    OP    DEVELOPING    THE    WATER   POWER 

The  Federal  Government  has  practically  completed 
the  modified  project  in  accordance  with  the  Act  of  Con- 
gress of  1910,  and  the  United  States  Engineer  Office  at 
St.  Paul  has  estimated  that  the  total  cost  of  the  project, 
as  modified  for  the  development  of  water  power,  in- 
cluding the  construction  of  the  power  house  substruc- 
ture, draft  tubes,  etc.,  will  be  $800,000  more  than  the 
cost  of  the  original  project  would  have  been. 

In  the  Stevens  bill  now  pending  in  Congress,  it  is 
provided  that  the  Municipal  Electric  Company  pay  not 
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Fig.  10     Ccst  of  Oper.ating  Steam,  and  for  Additional  Water 
Power,  for  Different  Time  Periods  ,j^^_^ 

less  than  3  per  cent  interest  on  tlie  amount  which  the 
Government  has  invested  for  the  purpose  of  making 
the  water  power  available.  For  an  installation  of  15,- 
200  h.p.,  the  Government  investment  amounts  to  about 
.$52.50  per  h.p. 

Additional  Expenditure  Required.  In  order  to  com- 
plete the  power  house  and  install  the  necessarj'  ma- 
chinery, an  additional  expenditure  of  about  $630,000 
will  be  required.  This  includes  interest  during  con- 
struction, insurance,  engineering,  supei'V'ision,  and  con- 
tingencies, and  $50,000  working  capital  or  ' '  emergency 
fund,"  required  by  the  laws  of  Minnesota  under  which 
the  Municipal  Electric  Company  is  incorporated. 

Adding  the  Government  expenditure  of  $800,000 
gives  .$1,430,000  as  the  investment  cost  of  the  plant. 
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This  amount  is  equal  to  about  $94  per  h.p.  at  the  tur- 
bine shaft,  and  $136  per  kw.  at  the  switchboard. 

Fixed  Charges  and  Operating  Expenses.  The  fixed 
charges  on  the  water  power  plant  will  be  about  as  fol- 
lows : 

3  per  cent  interest  on  8800,000,  per  annum $24,000 


4}'2  per  cent  interest  on  $630,000,  per  annum . 


28,400 


Sinking  fund  to  pay  off  $030,000  in  50  years  at  4 

per  cent 4,051) 

Renewal  of  plant  in   15  years  at  4  per  ccnl.  31,400 

Maintenance 10,090 


Total  fixed  charges $98,000 
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of  power  between  6000  kw.  and  10,500  kw.,  which 
would  have  been  available  during  the  same  time,  is 
27,900,000  kw-hr.,  or  a  total  of  78,700,000  kw-hr.  of 
available  power  per  annum.  This  is  equivalent  to  a 
mean  of  9000  kw.,  and  on  this  basis  the  cost  of  develop- 
ing 21-hour  power  wovild  be  a  trifle  less  than  two  tenths 
of  a  cent  per  kw-hr. 

If  we  assume  that  tlie  power  which  could  not  be  fur- 
nished at  all  times — the  ''  excess  power  " — is  worth, 
on  an  average,  one-third  as  much  as  the  "  primary 
power,"  there  would  be  an  avei'age  of  60,100,000  kw-hr. 
of  power  available  each  year.  This  would  make  the  cost 
of  developing  power  about  a  quarter  of  a  cent  per 
kw-hr.  If  a  5000-kw.  steam  auxiliary  plant  were  in- 
stalled so  as  to  make  10, 500  kw.  available  at  all  times, 
the  cost  of  developing  this  power  would  be  about  0.35 
of  a  cent  per  kw-hr.  on  the  basis  of  24-hour  power. 


0  ZO  40  60  80  100 

Per  Cent  of  Time  Wafer  IS  Available 

Fig.  11     Cost  of  Combined  Power  for  Different  Periods 
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Different  Load  Factors 


Adding  to  the  fixed  charges  the  annual  cost  of  oper- 
ation and  administration,  including  an  allowance  for 
the  annual  charge  on  the  investment  in  transmission 
lines  and  substations  not  herein  itemized,  brings  the 
total  cost  of  developing  power  to  about  $150,000  to 
$175,000  per  annum. 

Cost  of  Power  per  Kw-IIr.  According  to  Table  2. 
the  mean  annual  deficiency  of  power  up  to  6000  kw. 
is  1,608.000  kw-hr.  Assuming  that  the  steam  pumps 
would  be  operated  to  supply  this  deficiency,  all  power 
up  to  6000  kw.  may  be  considered  as  primary  power 
as  far  a.s  tlie  Municipal  Electric  Company  is  concerned. 
The  mean  annual  amount  of  such  power  wliieh  would 
have  been  available  during  the  past  8  years  is,  on  tlie 
basis  of  Talile  2.  50,800.000  kw-hr.     The  total  amount 


Fig.  12  shows  the  relative  values,  at  the  station,  of 
' '  peak  ' '  and  ' '  off-peak  ' '  power  for  different  load  fac- 
tors, on  the  basis  of  a  cost  of  a  quarter  of  a  cent  per 
kw-hr.  for  continuous  power.  If  the  load  factor  of  the 
station  for  any  given  load  were  very  small,  as,  for  ex- 
ample, in  the  neighborhood  of  20  per  cent,  oft'-peak 
po^ver  could  be  sold  at  the  mere  additional  cost  of 
operating  the  water  power  plant.  This  would  be,  in 
tlie  case  under  consideration,  less  than  one-tenth  of  a 
cent  per  kw-hr.  As  the  load  factor  became  larger,  the 
value  of  off-peak  power  would  approach  that  of  peak 
power,  equaling  it  when  the  load  factor  became  100 
per  cent,  and  at  all  times  possessing  a  value  abottt  in- 
versely proportionate  to  its  effect  in  increasing  the  load 
factor.     The  peak  power,  in  order  to  yield  a  return 
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iqiiivali'iit  to  a  quarter  of  a  cent  per  k\v-lir.  for  cou- 
tinuous  power,  would  be  worth  about  one  and  one- 
fourth  cents  per  kw-hr.  at  20  per  cent  load  factor,  tak- 
ing into  consideration  the  slightly  lower  cost  of  opera- 
tion in  the  case  of  power  furnished  for  only  a  small 
portion  of  the  day,  but  without  taking  into  considera- 
tion the  compensating  effect  of  pondage,  i.e.,  assuming 
that  the  available  water  must  be  either  utilized  or 
wasted. 

Witli  a  station  load  factor  of  60  per  cent,  under  the 
same-  assumptions,  the  value  of  peak  power  at  the 
station  would  be  about  four-tenths  of  a  cent  per  kw-hr., 
and  off-peak  power  would  tir  worth  just  about  half  this 
amount. 

When  the  effect  of  ponihige  is  taken  into  considera- 
tion, however,  tiie  load  factor  is  found  to  aft'ect  the  cost 


conditions  assumed,  less  than  10  per  cent.  Not  until 
the  amount  of  water  coutinualh'  available  has  increased 
to  4500  cu.  ft.  per  sec,  or  peak  load  conditions,  will 
tile  value  of  power  be  increased  21/^  fold  by  a  40  per 
cent  load  factor. 

TTIUZATIOX   OF   i'OWER 

rr(sc)it  Vonsumptwn.  Statistics  were  obtained,  from 
all  available  sources,  giving  the  amount  of  power  at 
present  consumed  by  the  Federal  Government,  the 
State  of  Minnesota,  and  the  cities  of  iliuneapolis  and 
St.  Paul,  for  what  might  be  called  public  purposes. 
These  quantities  are  grapliically  shown  by  months  in 
Fig.  15. 

It  is  apparent  that  the  city  of  Minneapolis  is  using 
more  power  than  the  Federal  Government,  tlie  State 
of  Jlinnesota,  and  the  citv  of  St.  Paul  together.     The 
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•  Fig.  13     Mass  Curve  of  Consumption 

of  j)ower  considerably  less  than  tlie  value  of  that  fac- 
tor would  make  it  appear.  In  Fig.  14  is  shown  a  char- 
acteristic combined  street  lighting  and  miscellaneous 
light  and  power  load,  having  a  load  factor  of  40  per 
cent.  Fig.  13  shows  a  mass  curve  of  actual  consump- 
tion of  current  and  of  mean  consumption,  or  equiva- 
lent in  supply  of  water,  from  which  can  be  scaled  the 
quantity  of  power  which  must  be  furnished  by  stored 
water  for  various  mean  rates  of  stream  flow.  From  this 
value,  the  area  of  tlie  pond,  and  a  mean  head  for  each 
particular  condition,  the  pool  fluctuation  for  various 
rates  of  discharge,  as  shown  in  Fig.  14,  was  deter- 
mined. 

The  only  effect  of  the  load  factor,  then,  in  this  case 
where  the  entire  flow  of  the  stream  was  being  utilized 
through  i)ondage,  would  be  due  to  a  i-eduction  in  avail- 
able head  fi-om  drawing  down  the  pool,  and  from  a  rise 
in  the  tailwater  at  the  time  of  liigh  discharge,  i.e..  peak 
load.  Instead  of  tlie  40  per  cent  load  factor  having 
increased  the  cost  of  power  2i/^  times,  as  indicated  in 
Fig.  12,  it  has,  in  reality,  increased  the  cost,  under  the 
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Fig.  14    Typical  Lo.u)  Curve 

j)riucipal  reason  for  this  is  that  the  city  of  Minne- 
apolis has  recently  installed  motor-driven  pumps  for 
pumping  its  water  supply.  The  power  used  by  the  two 
city  halls,  the  street  lights,  the  Minneapolis  pumps,  and 
tlie  power  which  would  be  used  in  St.  Paul  for  pump- 
ing, if  a  motor-driven  pump  were  installed  at  the  Mc- 
Carron  Lake  pumping  station,  are  also  shown  indi- 
vidually. 

Station  Load.  Inasmuch  as  there  is  considerable  loss 
in  the  transformation  and  distribution  of  electrical 
energy  between  the  station  and  the  place  of  consump- 
tion, the  amounts  consumed  were  reduced  to  their 
various  equivalent  station  loads  on  the  following  basis : 
It  was  assumed  that  of  100  h.p.  available  at  the  station 
switchboard,  87.5  h.p.  would  be  available  for  the  pump 
motors,  and  75  h.p.  for  the  street  lights,  and  for  most 
of  the  miscellaneous  light  and  power  uses.  The  latter 
is  equivalent  to  an  overall  efficiency  of  conversion  from 
hydraulic  power  to  electric  current  at  jioiiit  of  con- 
sumption of  56  per  cent,  and  is  well  on  the  side  of 
safetv. 
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Future  Consimiptiun.  In  estimating  the  probable 
consumption  in  1920,  the  amounts  nsed  at  present  in 
the  public  buildings  have  been  increased  by  25  per  cent. 
Tlie  present  gas  and  gasolene  street  lamps  in  tlie  cities 
of  Minneapolis  and  St.  Paul  have  been  assumed  to  be 
replaced  by  electric  lights  in  the  proportion  of  about 
one  are  light,  or  equivalent,  to  four  existing  gas  or 
gasolene  lamps.  A  liglitiug  installation  of  4000  arc 
lights  and  1000  ornamental  lights  or  equivalent,  was 
assumed  for  Minneapolis,  and  2700  arc  lights  and  600 
ornamental  lights,  or  equivalent,  for  8t.  Paul.  This 
would  practically  double  the  present  consumption  of 
electric  current  for  street  lighting  purposes  in  the  two 
cities. 

The  future  power  requirements  for  pumping  repre- 
sent what  will  be  needed  in  1920,  on  the  basis  of  the 
past  few  years'  increase  in  water  consumption.  It  re]>- 
resents  an  increase  of  practically  50  per  cent.  The 
future  requirements  of  the  State  University  are  based 
on  an  approximate  doubling  of  the  present  consum])- 
tion. 

Load  Factors.  The  mean  annual  station  load  from 
the  above  estinmted  consumption  of  ettrrent  for  public 
purposes  will  be  about  5500  kw.  by  1920.  The  peak 
load  will  be  about  8500  kw.  and  the  load  factor  abotit 
65  per  cent.  In  Figs.  16  and  17  are  graphically  shown 
typical  December  and  June  station  loads,  planned  with 
a  view  to  keeping  the  station  load  factor  as  large  as 
possible.  By  i-unning  the  Minneapolis  and  St.  Paul 
piunps  during  the  off-peak  hours,  a  December  load  fac- 
tor, for  pi'esent  loads,  of  about  87  per  cent  can  be 
secured,  and  for  ftiture  loads,  a  factor  of  about  74  per 
cent  can  be  secured.  The  load  factor  for  the  miscel- 
laneous light  and  power  load  is  about  44  per  cent  in 
December,  and  60  per  cent  in  June.  That  for  the 
street  lighting  load  is  about  56  per  cent  in  December 
and  27  per  cent  in  June.  These  load  factors  on  the 
whole  are  considerably  better  than  those  usually  ob- 
tained from  commercial  light  and  power  loads.  Dur- 
ing June,  the  present  station  load  factor  %vould  be  about 
76  per  cent,  but  the  future  load  factor  would  be  re- 
duced to  about  60  per  cent  tndess  the  installation  of 
motor-driven  pumps  in  Minneapolis  is  increased.  The 
present  installation  will  soon  be  insufficient  to  supply 
the  increased  water  consumption  even  if  run  24  hours 
of  the  day.  This,  of  course,  is  uneconomical,  as  it 
would  resitlt  in  adding  the  Minneapolis  pump  load  to 
the  peak.  Before  this  condition  is  reached,  however, 
Minneapolis  no  doubt  will  find  it  advisable  to  install 
an  additional  motor-driven  pump ;  in  fact,  this  is  al- 
ready under  consideration. 

The  mean  1920  December  station  load  will  be  about 
6000  kw.  This  would  be  secured  from  a  discharge  of 
2600  eu.  ft.  per  second  under  the  low  water  head.  The 
mean  1920  June  station  load  will  be  about  5200  kw. 

The  total  amount  of  electrical  energy  which  will 
probably  be  required  in  December  1920,  for  street  light- 


ing and  for  miscellaneous  light  and  power  pui'poses, 
measured  at  the  station,  is  about  93,000  kw-hr.  This 
amoiuit  of  electrical  energy  would  be  secured  from  a 
discharge  of  1650  cu.  ft.  per  second  under  the  low 
water  head. 
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Use  of  Uteam  Pumps.  Through  proper  cooperation 
between  the  cities,  the  State  University,  and  the  Mu- 
nicipal Electric  Company,  the  existing  steam  pumping 
plants  of  the  two  cities  can  be  made  to  serve  economic- 
ally the  dual  purpose  of  emergency  pumping  equip- 
ment and  small  auxiliaiy  power  plant.     So  far  as  the 
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reliability  of  a  water  supply  is  concerned,  a  combined 
steam  and  electric  pumping  plant  is  preferable  to  a 
plant  dependent  upon  electrical  power  alone.  So  far 
as  additional  power  required  during  periods  of  low 
water  is  concerned,  the  steam  pumping  plants  consti- 


power  plant  of  about  2500  kw.  capacity  at  the  same 
time. 

The  reservoir  storage  at  the  ilinneapolis  filtration 
plant  amounts  to  about  80,000,000  gal.    By  1920  the 
daily  water  consumption  in  winter  is  not  likely  to  ex- 
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tute  tlie  very  best  small  auxiliary.  They  can  deliver 
\\ater  to  the  reservoirs  at  less  operating  cost  than  a 
5000-h.p.  steam  plant,  generating  current  which  has 
to  be  transmitted  and  transformed,  and  then  applied 
through  a  motor  to  centrifugal  pumps,  can  possibly  do. 
As  the  steam  pumping  plants  are  in  existence,  thoy 
sei-ve  as  emergency  pumping  equipment  and  auxiliary 


ceed  40,000,000  gal.  The  Minneapolis  steam  pumps 
have  a  capacity  of  30,000,000  gal.  daily,  so  that  in  case 
the  electrical  pumps  were  temporarily  disabled,  or  no 
ciirrent  were  available,  the  steam  pumps,  by  running 
continually,  would  be  able  to  furnish  the  additional 
water  necessary  to  supply  the  city  for  8  daj's.  The 
St.  Paul  steam  pumps  have  an  aggregate  capacity  of 
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about  twit-e  the  pivseut  mean  daily  water  eousumptioii. 
A  flow  of  1750  cu.  ft.  per  second  is  equivalent  to  about 
98,000  kilowatt  hours  of  power  per  day.  Whenever, 
because  of  low  water,  the  power  output  fell  to  this 
amount,  it  would  be  necessary  to  run  the  two  Minne- 
apolis steam  pumps  practically  all  day.  Whenever  the 
discharg-e  fell  to  2000  cu.  ft.  per  second,  it  would  be 
neeessar\-  to  run  these  two  Minneapolis  pumps  about 
16  hours  a  day.  It  is  probable  that  it  would  be  neces- 
sary to  run  the  steam  pumps  for  at  least  a  portion  of 
the  day,  on  an  average  25  to  30  days  a  year,  or  5  per 
cent  to  8  per  cent  of  the  time.  Tliis  is  not  entirel.v  a 
disadvantage,  however,  as  it  would  serve  to  insure  the 
emergency  steam  pumping  equipment  of  both  cities  be- 
ing kept  in  good  operating  condition. 

On  the  basis  of  statistics  obtained  from  the  1912  re- 
I^ort  of  the  Supervisor  of  Water  Works,  Minneapolis, 
the  fuel  and  labor  cost  of  oj^erating  the  steam  pumps 
has  been  computed  to  be  equivalent  to  a  rate  of  prac- 
tically one-half  a  cent  per  kw-hr.  for  the  electric 
pumps.  This  is  about  half  the  cost  of  electric  power 
<leveloped  by  a  small  auxiliary  steam  jilant. 

As  previously  indicated,  during  extremely  cold 
weather  the  maximum  available  24-hour  power  may 
occa.sionally  fall  to  less  than  4000  kw.  By  utilizing 
the  steam  pumping  plant  for  a  few  days  each  year,  and 
drawing  on  the  available  pondage,  the  maxinuun  avail- 
able primary  power  can  be  raised  from  .3100  to  about 
6000  kw..  and  at  a  lower  cost  than  could  be  done  by 
a  small  steam  power  plant. 

Even  if.  in  the  near  future,  there  should  be  an  ex- 
treme flood,  such  as  may  occur  for  a  day  or  two  once  in 
15  or  20  years,  the  water  power  plant  would  still  be 
able  to  carry  a  peak  of  about  7000  kw.  This  is  more 
tlian  would  bi-  required  for  the  street  lights  and  miscel- 
laneous liglit  and  power  uses.  The  steam  pumps  could 
again  be  run  for  a  few  days  to  supply  any  deficiency. 

Surphif:  Pi^wcr.  It  is  estimated  that  by  1920  the 
mean  annual  rate  of  consumption  of  power  for  the  pur- 
poses previously  outlined  will  be  about  4."i20  kw.,  if  tlie 
gas  and  gasolene  lights  are  replaced  by  electric  lights 
as  contemplated  in  this  paper.  This  is  equivalent  to  a 
mean  annual  station  load  of  5500  kw.  The  mean  De- 
cember station  load  would  be  about  6000  kw.,  but  in 
order  to  be  able  to  meet  the  Municipal  Electric  Com- 
pany's own  peak  load  at  times  of  high  watei-,  a  very 
much  larger  installation  would  be  required.  In  fact, 
an  installation  rated  at  10,500  kw.  under  normal  head 
and  with  one  spare  unit  woidd  furnisli  only  very  little 
more  tlian  the  peak  load  which  will  probably  have  to 
be  carried  during  the  spring  montlis  by  1920. 

A.ssuming,  then,  that  the  Municipal  Electric  Com- 
pany in  the  near  future  would  want  to  reserve  for  its 
own  uses,  as  ]n-eviously  outlined.  6000  kw.,  there  would 


still  remain  about  4500  kw.  of  excess  power.  The  mean 
annual  amount  of  available  power  will  be  about  9000 
kw.  With  an  installation  as  contemplated  in  this  paper, 
it  would  be  possible  to  carry  a  peak  load  for  several 
hours  of  12,500  kw.  luider  normal  head,  and  for  one 
hour  a  peak  load  of  about  13,500  kw.  Inasmuch  as  the 
Municipal  Electric  Company's  peak  would  be  about 
8500  kw.  by  1920,  it  is  apparent  that  4000  or  5000  kw. 
of  excess  power,  when  available  at  all,  could  be  car- 
ried over  the  peak.  This,  undoubtedly,  would  make 
the  excess  power  of  considerably  greater  value  than  if 
it  were  necessary  to  sell  it  all  as  ofl'-peak  power. 

The  installation  contemplated  in  this  paper  would 
assure  a  reserve  xmit  for  use  in  case  one  of  the  other 
three  imits  was  temporarily  disabled.  This  unit  could 
also  be  put  into  service  whenever,  at  times  of  ordinarN' 
liigh  water,  such  as  may  occur  for  about  a  month  eacli 
year,  the  head  is  reduced  to  a  point  where  the  three 
units  would  no  longer  be  able  to  cany  the  load.  It 
would  also  serve  to  make  available,  as  peak  power,  the 
excess  power,  whenever  such  power  could  be  furnislied 
at  all.  Until  the  demands  of  the  commtmity,  for  power 
for  public  purposes,  enable  the  Municipal  Electric 
Company  to  utilize  all  of  the  available  power,  the  sur- 
plus should  be  disposed  of  in  such  manner  as  would  be 
of  the  greatest  benefit  to  the  public. 

PROBABLE    BENEFITS 

The  writer  has  made  detailed  estimates  of  the  sav- 
ings to  the  commiaiity  that  would  result  from  the  oper- 
ation of  the  proposed  hydroelectric  plant,  and  places 
it  conservatively  at  about  .$200,000  per  annum  by  a 
few  years  after  the  Municipal  Electric  Company  lias 
begun  operations. 

DISCUSSION 

At  the  time  of  the  ISprinu-  ^Meeting  high  water  in  the 
Mississippi  made  it  impossible  fur  those  in  attendance  to  in- 
spect the  construction  work  of  the  High  Dam.  In  present- 
ing his  paper,  therefore,  the  author  showed  slides  of  the  dam 
and  power  house  in  various  stages  of  completion,  which  gave 
a  clear  idea  of  the  work  in  progress.  He  concluded  with 
comments  on  the  high  stage  of  the  river  and  the  amount  of 
jiower  that  would  he  available  at  diiferent  levels,  referring 
to  the  effect  of  the  Govenunent  reservoirs  at  the  headquar- 
ters of  the  river,  which  comprise  the  largest  reservoir  sys- 
tem for  stream  regulation  in  tlie  world. 

As  a  result  of  these  remarks  most  of  the  discussion  whicli 
followed  centered  about  the  effect  of  the  reservoirs,  both  in 
I'elation  to  the  use  of  the  river  for  navigation  purposes  and 
tlie  development  of  the  power  project  at  the  High  Dam. 
This  subject  is  one  of  great  magnitude  and  since  the  short 
time  available  at  the  meeting  permitted  only  fragmentary 
discussion  quite  inadequate  to  the  problem,  no  space  has  been 
given  to  a  report  of  the  discussion. — Editor. 
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A  social  force  has  been  at  work  in  our  engineer- 
ing schools  for  the  past  few  years  which  materially 
affects  the  attitude  of  students,  on  leaving  college,  to- 
wards working  men.  It  concerns  a  steadily  growing 
portion  of  the  membershii)  of  Tlie  American  Society  of 
Mechanical  Eugineei-s, — tiiat  in  the  Student  Branches. 
As  many  of  these  members  will  be  called  on  foi'  leader- 
ship in  this  Society  in  the  coming  generation,  whatever 
helps  or  hinders  their  broadest  professional  training 
siiould  have  its  careful  consideration. 

Jn  the  winter  of  1907-1908  some  engineering  stu- 
dents of  the  Sheffield  Scientific  School  at  Yale  started 
an  activity  which  for  want  of  a  better  name,  has  been 
called  industrial  service  work.  It  consisted  of  a  study 
of  welfare  activities,  li\'ing  and  working  conditions  in 
American  industries,  and  a  definite  attempt  to  render 
some  useful  service  to  workingmen  in  the  city.  As  a 
large  industrial  center.  New  Haven  has  many  thou- 
sands whose  greatest  need  is  a  knowledge  of  the  Eng- 
lish language.  It  was  felt  that  to  help  meet  this  need 
was  the  most  practical  service  the  students  could 
reuder.  A  sj'stem  of  instruction  in  English  was 
evolved,  based  on  the  familiar  phases  of  everyday  life, 
which  did  not  require  a  knowledge  of  the  foreign  lan- 
guage on  the  part  of  the  teacher.  Groups  were  organ- 
ized in  various  parts  of  the  city  wherever  they  could 
be  gathered,  the  general  plaji  being  that  the  students 
should  go  to  the  men  rather  than  to  attempt  bringing 
the  men  to  any  school  or  institutional  buildings.  The 
plan  worked  well  from  the  start.  The  classes  were  full 
and  many  newly  arrived  immigrants  were  reached  who 
would  not  have  come  near  a  public  night  school. 

In  connection  with  this  teaching  work,  which  was 
the  main  activity,  a  series  of  talks  on  industrial  sub- 
jects was  given  to  the  students  by  svich  speakers  as 
Jolm  F.  St^n-ens  of  the  Panama  Canal,  S.  B.  Thorne 
of  tile  Buck  Run  Coal  Company,  Charles  Stelzle,  Miss 
(lertrude  Reeks,  Prof.  Edward  A.  Steiuei-,  Charles  R. 
Towsoii.  and  others.  A  small  lil)i'ary  on  immigration 
and  industrial  conditions  was  set  at  work  and  some  of 
the  books  became  well  worn. 

The  hold  which  it  took  on  tlic  better  type  of  stu- 
dent, as  well  as  its  effect  on  iiim,  were  interesting  and 
significant.  The  work  was  wholly  voluntary  and  done 
in  their  own  free  time,  yet  many  gave  two  or  more 
evenings  a  week  throughout  the  whole  winter  to  it. 
The  word  "  mucker  "  dropped  from  their  vocabulary. 
The  "  wop,"  the  "  hunkie  "  and  the  "  dago  "  became 
people,    acquiri'd    names,    and    sometimes    commanded 
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their  genuine  respect.  Student  and  workmen  were 
coming,  often  for  the  first  time,  into  direct  and  friendly 
contact  aJid  finding  out  for  themselves  how  the  other 
lived,  worked  and  thought.  From  the  knowledge  so 
gained,  there  came  an  attitude  of  frank  good  will  and 
friendliness  on  the  part  of  both. 

The  following  winter  a  number  of  other  engineering 
.schools  undertook  a  similar  work  with  similar  success. 
I'nder  the  leadership  of  the  industrial  aud  student  de- 
pai'tments  of  the  Y.M.C.A..  it  has  sjin-ad  rapidly 
throughout  the  country  until  now,  only  seven  years 
later,  more  than  3000  students  are  engaged  in  it  and 
are  coming  into  contact  with  about  r)0,000  workmen. 

In  a  general  way  the  activities  of  the  student  are: 
(a)  reading  and  investigation  of  the  general  principles 
involved;  and  (6)  a  personal  contact  with  workmen  in 
some  line  of  service.  The  latter  takes  many  forms,  but 
chiefly  that  of  teaching.  In  all  industrial  centers  there 
is  a  large  number  of  men  whose  greatest  need  is  Eng- 
lish. Without  it  they  cannot  get  a  job  alone,  buy  their 
own  supplies,  understand  instiiictions  for  their  work 
or  even  for  their  own  personal  safety ;  hence  the  pa- 
drone and  labor  contractor.  "With  a  knowledge  of 
English,  an  opportunity  of  becoming  industrially  inde- 
pendent is  opened  up  to  them.  Other  subjects,  of 
course,  are  taught,  such  as  first  aid  to  the  injured,  ele- 
mentary nmthematics,  drawing,  and  civics:  but  Eng- 
lish is  the  greatest  need. 

The  service  is  not,  however,  confuied  to  instruction 
nor  to  foreigners.  Any  sound  basis  of  contact  is  util- 
ized. Wherever  possible,  the  classes  or  groups  are  kept 
small,  not  over  five  or  six  men  to  a  teacher,  in  order  to 
insure  the  element  of  personal  contact.  The  work  is 
done  independently  of  the  college  curriculum,  on  a 
voluntary  basis,  and  without  pay.  as  this  basis  is  by 
far  the  best  in  its  effect  on  the  student.  In  some  cases 
the  facidty  has  cofiperated  by  taking  over  that  portion 
of  the  program  relating  to  speakers  and  has  arranged 
a  course  of  industrial  lectures  for  all  upper  classmen. 
This  has  been  done  recently  at  the  Sheffield  Scientific 
School  with  good  success.  The  advantages  of  indus- 
trial service  work  are  felt  by  the  employer,  the  work- 
man, the  student,  and  the  community. 

Employers,  some  of  whom  were  at  first  critical,  wel- 
come it  for  its  direct  benefit  and  stipport  it  by  giving 
access  to  the  workmen,  by  furnishing  places  for  teach- 
ing and  in  many  cases  paying  the  small  necessary  ex- 
penses. They  see,  too,  its  effect  on  the  student.  An 
employer  recently  said:  "Two  college  men  of  equal 
training  woi-ked  in  my  shop  last  sumnter.  One  of 
them  '  knew  it  all,'  was  despised  by  the  men  and  got 
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■fired.  The  other  became  '  one  of  the  meu  '  and  learned 
from  them,  and  nearly  every  evening  some  of  the 
working  men  went  to  his  room  and  he  helped  them  in 
matliematies,  mechanics,  plain  reading,  etc.  That  fel- 
low has  a  big  job  awaiting  for  him  because  lie  lias 
learned  liow  to  handle  men  to  his  advantage." 

.Some  of  tile  advantages  to  the  workmen  have  been 
pointed  out  above.  He  is  given  nothing  which  pauper- 
izes him  or  lowers  his  self-respect.  Usually  lie  is  sus- 
picious at  tii-st  of  the  student  as  a  representative  of  the 
capitalistic  class.  He  finds,  however,  by  a  contact 
which  he  has  in  almost  no  other  way.  that  at  least  these 
boys  are  clean-cut,  fair-miiulcd  and  frimdly.  Those 
who  are  familiar  with  the  attitude  of  workmen  know 
iheir  latent  feeling  of  contempt  for  the  young  college 
engineer  who  comes  among  them,  possibly  strong  in 
tilings  which  they  little  appreciate,  but  weak  in  prac- 
tical things,  where  they  are  strong.  We  have  all  seen, 
however,  the  loyalty  with  Avhii-li  old,  hard-headed  work- 
men will  serve  young  college  men  who  have  won  their 
confidince  and  made  good  with  them.  Their  distrust 
gives  way  to  a  feeling  of  pride  in  their  successes  such 
as  they  might  have  for  their  own  sons  who  have  been 
given  advantages  they  themselves  have  not  had.  This 
change  in  attitude  of  the  workman  has  been  cleai'ly 
marked,  and  shows  a  breaking  down  of  social  antago- 
nism— a  lielp  to  all  (see  Fig.  1). 

The  gain  to  the  student,  while  not  obvious,  is  quitr 
as  great.  I\Iore  than  half  the  value  of  an  executive  en- 
gineer lies  in  his  capacity  to  understand  and  work  with 
his  men.  No  amount  of  technical  proficiency  can  make 
up  for  the  absence  of  it.  One  of  the  greatest  weak- 
nesses of  the  college-trained  engineer  is  the  unconscious 
attitnde  of  assumed  superiority  which  he  sometimes 
has,  for  a  time  at  least,  after  graduation.  It  seriou.sly 
limits  his  usefulness  and  his  capacity  for  learning.  The 
ability  to  miderstand  and  to  work  with  men  is  the  most 
valuable  asset  he  can  have.  This  our  colleges,  as  col- 
leges, cannot  teach,  for  it  is  based  on  a  knowledge  of 
human  nature  and  there  is  no  textbook  on  human  na- 
ture. It  can  be  learned  only  by  j^ersonal  contact ;  and 
genuine  personal  contact  is  possible  only  on  a  basis  of 
mutual  respect  and  friendliness.  The  students  are 
learning  much  more  than  the  possibilities  and  limita- 
tions of  welfare  work.  They  are  acquiring  a  personal 
attitude  toward  fellow  workmen  which  starts  tliciii  out 
right. 

It  is  possible  to  give  here  only  a  few  expressions  of 
how  this  work  is  held  by  students  of  the  stronger  type. 
One  says :  " "  It  "s  a  wonderful,  and  sometimes  a  humili- 
ating revelation  to  a  fellow  to  get  up  against  some  of 
these  foreign  men.  It  just  makes  a  fellow  readjust  a 
good  deal  of  his  previous  thinking."  Another,  one  of 
the  best  known  college  athletes  of  the  day  said  a  few 
montlis  after  graduation:  "Remembering  what  I 
learned  in  this  movement  at  Yale,  when  I  became  fore- 
man I  treated  my  gang  of  Italians  as  men  and  not  as 


dogs,  and  it  was  really  pitiful  to  see  the  way  tlu^y  re- 
turned the  little  kindnesses  I  showed  them.  Each  day 
I  was  met  with  cheery  words  of  greeting.  When  the 
job  was  complete,  the  meu  came  to  me  in  a  bunch, 
thanked  me  for  the  fair  way  I  had  treated  them  and 
said  tliey  would  like  to  work  for  me  always."  An- 
other, a  football  captain,  said  a  short  time  ago:  "  This 
industrial  work  is  the  livest  thing  that's  stnick  college 
since  I've  been  here.  It's  a  real  job  and  it's  practical. 
Everyone  of  us  who  goes  into  it  is  bound  to  acquire  an 
experience  in  dealing  with  men  which  the  curriculum 
cannot  give,  and  we  need  it." 

Last  year  one  graduate,  who  went  into  the  office  of 
a  bituminous  coal  mine,  gathered  together  a  class  of 
seven  men  to  prepare  them  for  examinations  as  fire 
bosses  and  underground  foremen  (see  Fig.  3).  With 
this  instruction  the  men  passed  the  examinations  and 


Fig.  1     Lndvstkial  Sehvice  .^t  Work 

Teafliing  English  at  a  Con.struction  Camp.     The  Lesson  is  Posted 

on  the  Side  of  the  Car.     The  Breaking  Down  of  Class 

Feeling  is  Clearly  Present 

their  potential  earning  capacity  per  year  was  increased 
an  average  of  $26G.40  per  man.  As  a  result,  this  year 
40  men  applied  for  similar  instractiou  and  as  this  was 
beyond  his  capacity,  arrangements  were  made  for  paid 
night  instruction  in  one  of  the  public  school  buildings 
which  has  been  carried  on  by  others  under  his  super- 
vision. Without  multiplying  instances  we  find  results 
like  this  wherever  men  go  who  have  had  this  industrial 
service  training. 

The  advantage  to  the  community  needs  but  little 
emphasis.  When  one  considers  the  type  of  American- 
ism with  which  the  immigrant  first  comes  into  contact, 
it  is  no  wonder  that  his  social  standards  remain  low. 
The  only  Americans,  whom  many  a  Pole  or  Italian 
meets,  are  the  saloon  keeper,  the  ward  heeler,  and  the 
grafter.  Contact  with  clean-cut.  wholesome,  educated 
college  boys  opens  up  to  him  a  type  of  Americanism 
which  he  sees  in  no  other  way.  It  raises  his  standards 
and  kindles  his  ambition.  The  men  come  to  the  stu- 
dents with  all  sorts  of  questions  which  indicate  a  hun- 
ger for  information  and  improvement. 

As  the  industrial  service  movement  has  developed  it 
is  quite  distinct  from  ordinary  social  welfare  work.    It 
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has  two  clearly  defined  objectives.  The  first  oue  is 
immediate  benefit  to  the  laborer  whom  the  student  may 
be  teaching;  the  second,  less  obvious,  but  main  pur- 
pose, is  the  subjective  effect  upon  the  student  himself, 
the  developing  of  an  attitude  of  mind,  and  a  knowl- 
edge of  the  social  aspects,  the  responsibilities,  and  the 
oj)i)ortunities  of  his  engineering  profession.  While 
the  latter  should  not  be  over  empliasized  to  the  student 
it  is  never  lost  sight  of  by  those  directing  his  activities. 
Such  briefly  is  the  development  and  nature  of  indus- 
trial service  work,  in  appraising  its  value  it  is  well 
to  look  at  it  broadl\-.  The  work  which  these  students 
are  doing  is  part  of  a  general  trend,  of  a  changing  of 
social  standards;  and  of  a  development  away  from  tlic 
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Fig.  2     Anothek  Phase 

A  Noon-Day  Class  in  a  Foundry  in  Fii>t  Aid  to  the   Injuicd 

Practically  all  of  these  Men  arc  English-Siicaking 

industrial  individualism  of  a  hundred  years  or  even 
fifty  years  ago.  The  probability  is  that  this  tendency 
will  increase  ratlier  tlian  diminish  during  the  coming 
generation. 

Industrial  histor.\'  sliows  nothing  more  clearly  than 
the  fact  that  wlule  tools  of  production  make  high  social 
development  and  physical  welfare  possible,  they  by  no 
means  insure  them.  The  series  of  inventions  of  Har- 
greaves,  Arkwright,  Eli  Whitney,  Watt,  and  other 
great  inventors  from  1760  to  1800  resulted  in  a  tre- 
mendous readjustment  of  social  conditions.  In  Eng- 
land, where  this  change  was  felt  first  and  most  severely, 
tens  of  thousands  of  artisans  found  their  handicrafts 
supplanted.  They  drifted  into  the  new  industrial  cen- 
ters and  found  work  as  best  they  could.  The  result- 
ing conditions  are  a  matter  of  history.  The  industrial 
leaders  had  little  or  no  sense  of  responsibility  for  con- 
ditions of  labor  and  living  which  would  not  be  toler- 
ated to-day.  Operatives  were  crowded  together  under 
un.sanitary  and  dangerous  conditions,  working  hours 
were  long,  and  wages  were  governed  solely  by  the  sup- 
ply   and    demand    of    an    dvererowded    lalior    market. 


This  indifference  on  the  part  of  the  employers  was' 
soon  met  by  violence  and  industrial  warfare.  At 
length,  from  various  reasons,  conditions  began  to  ad- 
just themselves.  Under  the  leaderehip  of  such  men 
as  Lord  Ashley,  Robert  Owen,  an  industrial  conscience 
came  into  existence,  and  year  by  year,  partly  through 
labor  legislation,  partly  through  labor  unions,  partly 
thi-ough  voluntai-y  improvement  by  the  employers, 
conditions  have  steadily  improved,  and  are  now  bet- 
ter than  before  the  introduction  of  machinery. 

The  situation  was  never  as  acute  in  this  country  as 
it  was  in  England,  but  we  know  that  even  today  we 
have  iji  America  industries  with  the  most  highly  de- 
veloped machinery  where  child  labor  and  dangerous 
or  unsanitary  working  conditions  still  exist.  While 
conditions  as  a  whole  are  by  no  means  ideal,  there  has 
come  a  general  acceptance  of  the  fact  that  reasonable 
hours,  good  ligiit  and  air,  safety,  and  a  fair  wage  are 
l)est  not  only  for  the  worker  but  for  the  employer, 
ilen  do  not  agree,  by  any  means,  as  to  just  what  con- 
stitutes reasonable  hours  and  a  fair  wage :  but  none 
now  deny  the  general  principle. 

At  the  beginning  of  this  century  a  new  force  came 
in.  the  rapidly  developing  art  of  industrial  manage- 
ment. It  is  still  in  its  infancy,  yet  enough  has  been 
done  to  show  that  old  methods  of  management  have 
iieen  wasteful  and  tliat  great  increases  in  production 
;ire  possible  wlien  the  right  methods  have  been  found 
and  put  into  successful  operation.  The  invention  of 
machinery  vastly  increased  the  workman's  production 
by  giving  him  new  and  efficient  tools.  The  new  force 
iipens  up  a  further  increase,  through  the  higher  effi- 
ciency of  the  workman  himself  and  of  methods  of  in- 
dustrial management.  The  effect  in  both  cases  is  the 
same.  The  advent  of  maehinei'y  produced  a  profound 
social  readjustment  accompanied  by  widespread  dis- 
tress and  friction.  The  readjustments  due  to  the  ap- 
plication of  improved  methods  of  management  will  not 
in  all  probability  be  as  great,  certainly  not  as  drastic. 
Standards  are  far  higlier  today  than  when  machinery 
was  first  introduced  a  hundred  years  ago  and  work- 
]nen  now  have  means  of  defence.  Moreover,  the  social 
changes  possible  are  probably  not  as  radical  or  far 
reaching  as  in  the  earlier  development. 

The  development  and  apjilieatiou  of  the  higliest 
tyj)es  of  industrial  management,  however,  is  going  to 
be  difficult  and  delicate  work,  if  the  results  are  to  be 
made  a  permanent  benefit  to  society  as  a  whole.  Those 
who  personally  direct  this  development  will  largely 
detei'mine  the  efficiency  with  which  "  efficiency  "  it- 
self is  applied.  If  the  attempt  is  made  by  those  in 
charge  to  seize  all  the  benefit  of  the  improved  methods 
and  to  crowd  the  advantage  of  the  employer  they  will 
either  defeat  or  indefinitely  postpone  the  advance. 
They  must  be  expei'ienced  men,  wise,  fair,  thoroughly 
eonvei"sant  with  possibilities  and  free  from  sentimen- 
tal idealism.     This  means  not  only  a  knowledge  of  ma- 
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chinery,  systems,  aud  time  study,  iut  of  human  nature 
and  the  rights  and  real  needs  of  industrial  workers. 

The  executive  engineer  will  be  at  the  focus  of  this 
situation.  He  alone  is  in  direct  personal  contact  with 
the  two  great  elements  involved,  capital  and  labor. 
His  thorough  understanding  of  both  of  these  forces 
will  prove  one  of  the  greatest  elements  in  progress.  If 
the  man  in  actual  charge  has  little  knowledge  of,  or 
sympathy  with,  the  workman,  serious  missteps  are 
certain.  If  on  the  other  hand  to  a  thorough  technical 
training  and  knowledge  of  tlie  resources  and  respon- 
sibilities of  the  employer,  he  adds  an  attitude  of  fair- 
ness and  friendliness,  and  a  personal  understanding 
of  the  workman  involved,  the  new  force  will  work  out 
to  the  good  of  aU  concerned.  Scientific  management 
offers  an  opportunity  to  pay  better  wages,  but  it  will 
require  strength  and  wisdom  to  apportion  the  eco- 
nomic gain  fairly,  and  to  maintain  a  just  distribution 
of  it. 

Welfare  work  in  various  fonns  has  been  going  on 
for  many  years,  ranging  all  the  way  from  improve- 
ment in  the  small  details  of  working  conditions  to  the 
planning  and  building  of  whole  model  cities.  Some 
of  these  enterprises,  conceived  in  a  spirit  of  genuine 
good  will,  have  met  with  no  response  from  the  woi'k- 
men  aud  in  spite  of  the  great  sums  of  money  and  mueli 
thouglit  spent  on  them,  have  ended  iu  bitterness  and 
disappointment.  In  other  cases  welfare  work  has  been 
developed  quietly  aud  wisely,  each  move  being  tested 
out  as  it  was  tried  and  has  deeply  influenced  the  lives 
and  social  standards  of  the  whole  community.  In  the 
record  of  these  enterprises  there  is  a  glaring  discrep- 
ancy of  success  and  failure.  Most  of  the  failures  have 
gone  onto  the  rocks  from  violation  of  the  fundamental 
principles  of  human  nature.  About  some  there  has 
been  a  fine  flavor  of  condescension ;  others  have  been 
made  an  advertisement;  others  have  been  imposed 
upon  workmen  by  authority.  A  workman,  no  matter 
how  crude  his  social  standards,  lias  a  right  to  his  own 
personality  and  sooner  or  later  he  will  assert  it.  As 
one  of  their  leaders  put  it  to  the  writer :  ' '  Some  of 
these  employers  roll  their  good  intentions  into  a  big 
bolus  and  jam  it  down  the  workmen's  throats  saying 
'  Here,  take  that;  it's  good  for  you.'  "  No  welfare 
work  win  ever  be  effective  unless  it  is  preceded  by  a 
square  deal,  is  wrought  out  gradually  and  patiently, 
and  is  the  product  of  mutual  confidence,  experience 
and  good  sense. 

While  thousands  liave  been  invested  in  welfare  en- 
terprises, we  know  that  the  purpose  behind  them  is 
being  accomplished  in  scores  of  industrial  organiza- 
tions, without  any  special  equipment,  by  the  personal 
influence  of  some  man  or  men  in  charge.  Tliese  men 
seem  to  have  a  genius  for  understanding  and  develop- 
ing the  best  in  those  under  them.  They  have  no  fixed 
rule  or  system.  It  is  a  question  of  attitude  and  per- 
sonality.    They    create   an    atmosphere    of   confidence 


instead  of  suspicion  and  distrust.  Their  influence  per- 
meates a  whole  factory,  kindling  ambition  and  devel- 
oping better  workmen  and  better  industrial  conditions. 
Such  men  can  accomplish  wonders  without  any  wel- 
fare equipment.  Given  a  welfare  equipment  they 
make  it  successful  and  beneficial  to  all.  Their  value 
to  the  employer,  to  the  workman,  and  to  tlie  commu- 
nity can  hardly  be  overestimated ;  the  new  art  of  man- 
agement under  the  direction  of  such  men  will  prove  a 
permanent  success.  The  development  of  just  such 
men  as  these  is  the  aim  of  the  industrial  service  move- 
ment. 

We  have  tried  to  sketch  briefly  the  spirit  of  this 
movement,  its  uiain  activities,  and  its  relation  to  the 
general  industrial  situation.  It  seems  sound.  There 
are  at  present  about  30,000  students  in  the  engineer- 


FiG.  3     A  Result  of  Industrial  Service  Tuaikixg 
An  Evening  Class  in  Practical  Mining.     The  Teacher  in  Charge  is 
a  Young  Assistant  Superintendent  who  Became  Interested 
in  Industrial  \\'ork  while  at  Yale 

ing  courses  of  the  various  schools  and  colleges 
throughout  the  United  States.  Of  these,  jierhaps  5000 
to  7000  graduate  each  year.  About  20  to  25  per  cent 
of  the  students  become  suffieientl.y  interested  in  this 
work  to  get  the  benefits  of  it.  What  will  it  mean  to 
the  employer  and  workman  in  the  next  generation  to 
have  coming  into  the  management  of  industrial  enter- 
prises 1000  or  2000  men  a  year,  who  inspire  good  will 
and  confidence  and  have  tlie  right  point  of  view  from 
the  start? 

So  far  the  industrial  service  work  has  been  guided 
by  experts  from  the  industrial  and  student  depart- 
ments of  the  international  committee  of  the  Y.M.G.A. 
These  men  liave  given  it  special  study  and  have  di- 
rected its  activities.  They  have  kept  it  free  from  fads, 
and  its  rapid  growth  is  perhaps  the  best  evidence  of 
the  wisdom  with  which  it  has  been  directed.  Although 
the  motive  which  lay  beliind  it  was  a  religious  one,  it 
lias  attracted  many  men  who  took  but  little  interest  iu 
tlie  ordinary  forms  of  religious  activity.  Many  of 
these  have  found  in  the  progress  of  this  work  that  this 
motive  and  the  unselfish  social  one  are  not  so  far  apart. 
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lu  this  industrial  service  movement,  we  have  a  large 
body  of  students  giving  a  reasonable  portion  of  their 
time  voluntarily,  and  outside  of  their  regidar  studies, 
to  work  which  is  an  immediate  benefit  to  others  and  to 
themselves  as  coming  industrial  leaders.  It  has  been 
suggested  by  members  of  the  Society  tliat  this  work 
might  be  fostered  as  one  of  the  activities  of  the  .Stu- 
dent Brandies.  If  so,  it  slioidd  be  wisely  and  care- 
fully directed.  The  experience  and  training  whicli  its 
present  leaders  have  acquired  would  be  available  and 
can  be  called  on  to  h('l{)  organize  and  guide  it.  The 
work  of  the  Student  Brandies  is  good,  but  they  have 
much  greater  possibilities  tlian  we  have  yet  realized. 
At  present  their  main,  if  not  sole,  activity  has  been  to 
arrange  a  series  of  engineering  lectures,  which  is  well 
as  far  as  it  goes.  Some  such  work  as  this  industrial 
service  in  addition  wouhl  strengthen  their  usefulness 
and  bring  in  the  liiiinan  ekMuent  which  tlie  currieuluiii 
cannot  give. 


DISCUSSION 

L.  P.  Alfohu.  Professor  Roe  asked  lue  to  make  one  siii;- 
gestion  in  liis  name  in  regard  to  the  work  of  the  Student 
Branches.  It  is  that  there  might  weU  be  some  jjerson  con- 
nected with  the  Secretary's  office  charged  with  tlie  duty  ot 
visiting  the  Student  Branches  as  often  as  necessary  'vith 
tliis  {)urpose.  The  members  ot  this  Society  are  emidoyers 
of  cadet  engineers.  The  Student  Branches  are  training  these 
young-  emiineeis  for  full  luembership  in  the  Society  after 
they  have  reached  the  jjroper  age  and  acquired  the  neces- 
sary experience.  Through  the  medium  of  this  oflicial  ot  the 
Society  working  with  the  Student  Branches,  it  might  be  pos- 
sible to  modify  and  improve  the  training  ot  young  engi- 
neers to  their  advantage,  to  the  advantage  of  their  first  em- 
ployere  and  further  to  the  advantage  of  members  of  this 
Society. 

P.  F.  W.iLKER.  I  have  had  the  Student  Section  at  the 
University  of  Kansas  under  my  charge  ever  since  1909,  when 
the  section  ))lan  was  put  into  effect,  and  I  believe  thoroughly 
in  what  Mr.  Alford  has  suggested.  I  remember  very  dis- 
tinctly the  enthusiasm  with  which  my  boys  greeted  Secre- 
tary Kice  two  or  three  years  ago  wheii  he  came  out  to  visit  us. 

With  regard  to  Professor  Roe's  paper,  I  think  the  plan 
suggested  is  one  that  may  be  readily  applied  in  the  cases  of 
sections  connected  with  institutions  located  in  large  cen- 
ters, but  those  of  us  who  are  in  institutions  located  in 
smaller  towns  will  have  to  employ  different  methods.  One 
method  which  I  believe  to  be  workable,  is  based  on  the  plan 
of  University  E.xtension  work  which  Kansas,  along  with 
Wisconsin  and  other  western  universities,  is  developing. 
Vocational  courses  of  study  adapted  to  the  needs  of  boys 
and  young  men  engaged  in  the  various  industries  of  the 
state,  are  outlined.  Through  these,  they  receive  instruc- 
liciu  in  the  rudiments  of  mathematics  and  the  sciences  re- 
lated to  engineering,  together  with  first  i)rinciples  in  their 
application  to  construction  work.  T  expect  to  have  two  or 
three  of  my  seniors  in  mechanical  engineering  working  as 
instructors  in  this  connection  next  vear.     I  mention  this  as 


:i  suggestion  for  those  institutions  not  situated  in  the  large 
manufacturing  centers.  The  general  plan  brought  out  in 
the  paper  is  a  most  happy  suggestion,  and  one  which  may 
uell  engage  the  attention  of  the  Society. 

II.  I..  Gaxtt.  I  do  not  think  that  the  membership  at 
large  has  any  idea  of  the  im|jortance  of  this  paper.  The 
most  important  problem  before  the  industrial  community  to- 
day is  that  of  the  relation  between  the  employer  and  em- 
ployee. The  reason  why  this  is  so  is  because  the  emjjloyer 
:nid  employee  do  not  understand  each  other. 

The  plan  suggested  to  bring  the  employer  and  employee 
together,  is  the  most  promising  step  that  I  have  seen  or 
heard  of.  A\'e  see  in  the  ]iaf)ers  every  now  and  then  what 
somebody  in  the  American  Manufacturers'  Association  says 
about  what  the  Unions  are  doing  to  them.  They  do  not  say 
:i  word  about  what  they  are  doing  to  the  Unions.  That  is 
because  they  do  not  understand  each  otiier.  Foreigners  who 
come  to  this  country  do  not  understand  us;  we  do  not  under- 
stand them.  To  many  of  us,  they  are  simply  '•  Dagos '"  or 
■■  Hunks,"  to'  be  treated  as  somebody  in  authority  sees  fit. 
Xow,  the  activities  which  Professor  Roe  has  described  will 
bring  the  engineer  of  the  future  in  contact  with  all  of  these 
people  and  give  him  a  kno^\'ledge  of  who  they  are,  what  they 
are,  and  what  they  can  do.  I  find  that  the  Hungarian,  the 
Pole  or  the  Italian  is  very  much  like  anybody  else  when  you 
really  know  him. 

Some  time  ago  the  following  incident  of  interest  took 
place.  There  was  great  dissatisfaction  in  a  place  where 
1  was  doing  some  work,  and  I  investigated  to  see  what  the 
trouble  was.  My  man  had  been  there  and  everything  was 
going  very  smoothly  when  he  left;  soon  afterward,  I  found 
a  good  deal  of  trouble.  On  investigation,  I  found  that  the 
management  had  not  carried  out  the  promises  which  they 
had  made,  and  tiieir  ])eople  were  on  the  verge  of  a  strike. 
M}'  man  was  telegraphed  for  and  succeeded  in  straighten- 
ing things  out  as  soon  as  the  management  made  good  their 
promises.  Nobody  liad  taken  the  trouble  to  tind  out  just 
what  the  matter  was.  No  one  had  talked  with  the  work- 
men who.  in  my  opinion,  were  aVjsohitely  right.  As  soon  as 
the  management  began  to  recognize  the  actual  conditions, 
the  whole  matter  was  cleared  up. 

Workmen  are  in  one  class  and  employers  in  another,  and, 
as  they  do  not  know  each  other,  they  cannot,  or  will  not, 
talk  to  each  other.  So  long  as  that  condition  prevails,  we 
are  not  going  to  solve  our  industrial  problems  without  some 
connecting  link.  The  work  that  Professor  Roe  is  doing  is  go- 
ing to  turn  out  a  lot  of  young  engineei-s  who  will  learn  some- 
thing about  the  human  nature  with  which  they  have  to  deal 
and  sup|)lv  this  link.  In  the  ordinary  college  course,  the  stu- 
dent gets  a  lot  of  mathematics  and  engineering,  all  from  the 
book  end.  Then  he  goes  out  on  a  job  and  sees  the  mechanical 
processes.  He  can  learn  those  mechanical  processes  a  great 
(leal  quicker  than  he  can  learn  the  human  beings  who  have 
to  ojierate  them.  You  may  build  the  best  mechanism  in  the 
world,  l)ut  some  human  being  has  to  operate  it,  and  if  you 
have  not  a  knowledge  of  the  kind  of  human  being  who  is  to 
operate  it,  you  are  going  to  get  into  trouble. 

The  term — scientific  management — is  used  in  this  paper: 
it  means  the  utilization  of  scientific  methods  of  investiga- 
tion in  the  art  of  management.  You  can  build  up  a  system 
of  management  which  is  jierfect,  just  as  you  can  build  a  fine 
steam  engine  or  automobile,  but  unless  vou  have  the  right 
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liersoiiality  to  riui  it,  you  are  just  as  likely  to  wreck  it  as 
you  are  to  wreck  the  automobile  or  steam  engiue  by  putting 
an  incompetent  person  in  to  handle  it.  Some  time  ago,  a 
publisher  asked  me  why  certain  books  he  was  getting  out 
did  not  sell ;  he  had  been  writing  jjapers  or  publishing  articles 
on  management.  The  reason  was  that  he  had  not  yet  grasped 
the  idea  that  a  system  of  management  is  a  mechanism,  all 
parts  of  wliich  work  together  harmoniously.  He  had  seen  a 
little  stunt  that  somebody  did,  and  had  published  an  account 
of  that;  he  had  seen  a  stunt  somebody  else  did,  and  pul)- 
lished  an  account  of  that;  he  had  stmits  from  everywhere, 
and  his  paper  was  filled  with  these  stunts  that  had  no  rela- 
tion whatever  one  to  the  other.  They  might  have  rejire- 
sented  a  dozen  systems  of  management,  each  one  a  good  one, 
but  the  stunts  that  were  good  in  one  system  did  not  fit  in  the 
other.  To  illustrate  what  he  was  doing,  take  a  picture  and 
jigsaw  it  into  pieces.  If  you  have  only  one  picture,  many 
people  can  take  these  pieces  and  put  them  together  cor- 
rectly. If.  however,  you  take  si.x  pictures  and  cut  them 
up  into  small  pieces  and  put  them  into  one  pile,  the  prob- 
lem of  making  a  complete  picture  from  this,  pile  is  far  more 
difficult.  If  you  deal  out  these  pieces  indiscriminately  a 
few  at  a  time,  the  probability  of  making  any  picture  com- 
plete seems  hardly  worth  considering.  Nobody  would  buy 
such  pieies,  no  matter  how  much  interest  he  had  in  the  sub- 
ject. 

The  flaw  in  the  present  way  of  trying  to  develop  industrial 
management  is  very  similar  to  the  above.  The  editor  cited 
is  trying  to  sell  pieces  of  systems  of  management  not  in 
sets,  but  all  mixed  up  together.  In  constructing  a  system 
of  management,  one  must  first  have  an  ideal  which  must  be 
based  on  the  knowledge  of  human  nature  as  well  as  on  a 
knowledge  of  mechanical  operations  and  appliances.  Profes- 
sor Roe  and  his  co-workers  are  giving  their  students  the  fun- 
damental ideas  of  how  to  handle  their  workmen.  It  is  v^'ry 
much  better  to  have  a  man  who  knows  how  to  handle  flie 
workmen  using  a  comparatively  ])oor  system  of  manage- 
ment, than  it  is  to  have  somebody  who  does  not  know  how 
to  handle  the  workmen  with  a  fine  system  of  management. 
The  first  will  get  along  better  than  the  second,  and  I  want 
to  emphasize  that  this  training  of  the  engineering  student 
in  a  knowledge  of  the  human  nature  with  which  he  has  to 
deal,  to  my  mind,  ranks  in  equal  importance  with  strictly 
engineering  training. 

C.  W.  Rice.  In  response  to  the  suggestion  of  Professor 
Roe  that  the  Secretary  arrange  to  visit  the  Student  Branches, 
your  Secretary  tries  to  be  up  to  date  in  every  realm  of 
activity  of  the  members.  As  soon  as  I  heard,  two  years 
ago,  of  this  work  of  Professor  Roe,  I  wrote  a  personal 
letter  to  ever^-  head  of  a  mechanical  engineering  de- 
partment in  each  of  the  schools  in  America  where  it  is 
taught,  and  you  would  be  pleased  to  see  the  magnificent  re- 
sponses that  were  received,  showing  that  they  are  all  alive  to 
this  movement.  As  a  suggestion,  I  think  that  speaking  for 
Professor  Walker,  as  representing  the  Student  Branches,  he 
would  be  glad  to  have  also  the  memliers  of  the  Society  visit 
him — men  of  affairs.  I  think  there  is  nothing  so  attractive 
to  the  average  student  as  to  have  a  real  man  with  a  repu- 
tation, come  and  visit  the  school  and  give  a  talk. 

The  effect  would  be  two-fold.  You  would  have  the  inter- 
est of  more  members  of  the  Society  in  that  work  and  vou 


would  have  more  interest  on  the  part  of  the  Student  Branches 
because  men  of  affairs  were  interested  in  them.  Now  an- 
other suggestion  has  come  to  me  with  respect  to  students, 
which  can  be  accomplished  by  every  person  in  the  room 
and  by  every  person  with  whom  you  speak  when  you  get 
home — and  that  is,  the  benefit  of  these  conventions.  Every 
person  here  must  be  in  some  organization.  You  must  have 
men  in  your  employ  who  are  just  out  of  college  or  wlio  are 
just  starting  in  your  organization,  lacking  experience.  Try 
to  co-ordinate  them  with  the  university  in  your  town  or  with 
some  organization  in  your  town  which  is  doing  this  class  of 
work.  You  will  have  a  two-fold  benefit  from  this  interest. 
First,  your  men  in  your  employ  will  become  more  useful  to 
you  because  they  understand  men  better,  and  second,  the 
men  in  whom  they  become  interested  will  also  become  bet- 
ter employees  for  you. 

When  I  first  started  out  in  1889,  I  got  in  line  at  the  win- 
dow to  take  a  job,  and  the  man  directly  following  me  be- 
came a  sweeper,  while  I  commenced  to  file  off  the  paper 
between  the  laminations  of  transformers.  In  the  course  of 
time,  I  was  promoted  to  foreman  of  a  room  and  the  man 
who  was  a  sweeper  still  continued  as  a  sweeper.  In  after 
years  I  went  back  to  that  factory  and  found  that  man  was 
still  sweepuig  up  in  the  yards.  Now  the  difference  was  one 
of  inspiration  and  of  opportunity.  If  we  interest  our  young 
men  to  take  the  time  to  instruct  the  more  ordinary  laborers, 
they  become  more  valuable  than  sweepers  in  the  course  of 
three  or  four  years.  We  must  educate  our  men  to  be  continu- 
ous in  our  employ  as  useful  workmen,  rather  than  continue 
as  sweepers,  and  education  is  the  only  way  in  which  you  can 
do  it.  I  want  to  urge  each  one  of  you  to  take  the  spirit  of 
this  paper  of  Professor  Roe  and  apply  it  to  your  own  fac- 
tory now  rather  than  to  think  it  is  something  for  somebody 
else  to  do  in  some  university. 

P.  ¥.  Walker.  Tliere  is  one  other  thouiiht  in  (-(jiniection 
with  the  Student  Section  and  what  it  may  mean  in  the  Ufe 
and  work  of  the  Society,  that  I  would  like  to  lay  before  you 
by  explaining  what  we  have  done  at  Kansas.  Each  year, 
usually  in  December,  we  hold  our  annual  meeting.  There  is 
no  organized  local  section  of  the  society  membership  nearer 
to  us  than  St.  Louis,  but  we  are  only  forty  miles  from  Kan- 
sas City  where  there  are  nearly  twenty  members.  As  many 
more  are  scattered  in  other  cities  in  the  state.  At  these 
annual  meetings  of  the  Student  Section,  we  make  a  special 
point  of  inviting  every  member  of  the  Society  who  is  with- 
in reasonable  distance,  and  some  of  them  always  cimie.  I 
speak  of  this  as  a  suggestion,  indicating  what  the  Society 
might  do  in  the  way  of  recognizing  the  Student  Section  cen- 
ters as  nuclei  for  local  sections  of  the  Society  for  the  regions 
adjacent,  when  the  location  is  distant  from  those  cities  where 
y  full  local  section  organization  is  practicable. 

L.  P.  Alford.  I  feel  impelled  to  say  another  word  in  the 
name  of  Professor  Roe.  I  know  that  in  making  this  sug- 
gestion he  has  had  no  thought  whatever  that  there  has  been  a 
lack  of  cooperation  between  the  Secretary's  office  and  the 
Student  Branches.  It  is  not  that  at  all.  He  has  been  merely 
trying  to  point  out  the  possibility  of  further  and  new  activi- 
ties and  suggestmg  the  way  in  which  some  of  these  can  be 
initiated.  Personally,  I  am  most  heartily  in  sympathy  with 
the  suggestion  of  Mr.  Rice  that  some  members  of  the  Coun- 
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cil  or  other  members  of  the  Society  take  occasion  to  visit 
and  address  the  Student  Branches. 

Professor  Roe's  jiaper  does  not  reveal  his  personal  con- 
nection with  this  great  movement.  He  is  its  Father.  IJc 
is  the  man  through  whose  far-sightedness  and  initiative  tlie 
work  was  started.  lie  deserves  a  generous  measure  of  our 
esteem  and  commendation  for  having  inaugurated  a  social 
movement  in  our  engineering  colleges  that  |proniises  to  be  of 
great  benefit  to  engineers  and  industry. 

H.  L.  G.vxTT.  To  visit  these  Student  Branches  and  start 
this  working  going,  will  cost  something.  You  cannot  do  any 
of  these  things  without  money.  1  feel  that  many  manufac- 
turers would  be  willing  to  put  up  money  for  the  advance- 
ment of  the  Society.  Somebody  has  suggested  that  we 
might  lia\e  manufacturers  who  are  contributing  members 
or  something  of  that  kind.  This  suggestion  is  well  worth 
considering.  Tlie  possibilities  of  the  engineer  as  an  economic 
factor,  have  been  emphasized  most  clearly  within  the  last 
twelve  hours,  but  we  need  money  to  make  them  realities.  All 
we  need  now  is  to  have  some  way  of  financing  this  growth 
which  seems  to  have  started  with  such  a  rush. 

Paul  Doty.  1  think  tliat  most  enii)loyers,  at  least  mod- 
ern employers,  recognize  their  obligations  in  connection  with 
the  general  subject  of  welfare  work.  The  thought  that  "  a 
man  is  his  brother's  keeper "  does  seem  to  permeate  the 
minds  of  a  good  many  employers.  We  have  here  in  St.  Paul 
in  our  company  work,  an  employees'  club,  formerly  called 
The  Technic  Club.  We  have  some  educational  work,  some 
welfare  work,  we  have  talks  on  "  safety  first,"  on  efficiency 
and  we  also  have  talks  covering  good  management  and  some 
on  bad  management.  We  try  to  make  these  meetings  of  em- 
ployees of  vital  interest  to  them.  We  bring  home  homely 
suggestions — we  bring  home  their  work-a-day  life.  These 
meetings  are  held  as  frequently  as  necessary,  at  least  once 
a  month,  and  in  addition  to  the  practical  side  of  the  work, 
the  construction,  the  manufacture,  the  distribution — all  the 
operations  of  the  property — we  have  the  social  side,  a  dance 
occasionally,  a  picnic  now  and  then  and  an  excursion  dur- 
ing the  summer  season — something  that  will  maintain  the 
human  interest,  and  bring  together  the  employer  and  em- 
ployee. 

We  try  to  have  a  sense  of  the  need  of  the  understand- 
ing which  Mr.  Gantt  has  referred  to.  We  know  that  em- 
ployers without  employees  could  accomplish  very  little. 
especially  in  continuous  service  business  like  public  utilities 
when  twenty-four  hours  a  day,  three  hundred  and  sixty-five 
days  a  year,  somebody  is  working  somewhere  with  us,  and 
we  need  something  outside  of  the  mere  payment  of  wages 
as  compensation  to  the  employee.  I  do  not  go  so  far  at  the 
jiresent  moment  as  to  refer  to  service  pensions  or  service 
annuities,  or  jirofit  sharing,  or  other  form  of  welfare  work  as 
it  is  understood  gencnilly,  but  all  those  things  we  do  have  in 
mind. 

The  educational  work  is  |)articularly  important  and  is  under 
men  like  Mr.  Walter  C.  Beckjord  and  his  associates.  A  few 
years  ago,  Mr.  Beckjord  was  a  student  at  the  University  of 
^linncsota  and  came  to  us  as  one  of  our  cadet  engineeis. 
AVc  have  that  feature  established  to  bring  about  the  training 
of  the  younger  men.  and  through  years  of  faithful  service, 
lie  is  now  occupying  a  position  of  res|innsibilify  and  has  been 


President  of  the  branch  of  our  educational  work  including 
both  the  gas  and  the  electrical  departments. 

We  claim  no  special  credit  for  the  work  we  are  trying  to 
d(j.  It  is  work  that  is  being  advocated  by  the  National  Elec- 
tric Light  Association.  It  has  been  recommended  by  Mi-. 
Insull,  President  of  the  Commonwealth-Edison  Company, 
who  ha-s  suggested  that  educational  work  be  carried  on  in  the 
time  of  the  employer,  not  only  the  time  of  the  employee — 
after  hours — when  a  man  perhaps  is  tired  and  does  not  care 
to  come  out;  but  that  hours  be  set  aside  from  the  emploj'er's 
time  for  this  educational  work.  That,  I  think,  is  a  wonder- 
ful step  fonvard — where  a  man  recognizes  the  responsibility 
to  employees  to  give  time  for  educational  work  on  the  com- 
jiany's  payroll.  The  movement  is  here.  It  is  the  coopera- 
tive movement  and  we  must,  as  progressive  men,  progres- 
si\e  engineers,  recognize  that  there  is  work  for  us  to  do 
along  this  line.  We  are  not  wholly  discharging  our  obliga- 
tions by  the  giving  of  the  pay  check  or  the  pay  envelope  at 
the  end  of  the  week  or  the  two  weeks'  ]ieriod. 

H.  L.  Gantt..  Professor  Roe  does  not  regard  this  as  wel- 
fare work.  Welfare  work,  as  I  understand  it,  is  something 
done  by  the  employer  for  the  employee.  Now,  personally,  I 
am  not  a  tremendous  advocate  of  welfare  work  as  such.  Pro- 
fessor Roe  says  here :  "  A  workman,  no  matter  how  crude  his 
social  standards,  has  a  right  to  his  own  personality  and 
sooner  or  later  he  will  assert  it.  As  one  of  their  leaders  put 
it  to  the  writer:  '  Some  of  these  employers  roll  their  good  in- 
tentions into  a  big  bolus  and  jam  it  down  the  workmen's 
throats  saying  "Here,  take  that;  it's  good  for  you."'  " 
AVhile  I  have  no  idea  that  Mr.  Doty  has  any  reference  to 
welfare  work  of  that  character,  yet  there  is  a  good  deal  of 
so-called  welfare  work  that  is  strictly  of  that  character, 
sometimes  with  the  best  intentions  in  tiie  world.  The  work 
which  Professor  Roe  is  doing  is  not  in  this  class  and  seems 
to  me  to  be  at  the  root  of  our  industrial  progress.  The  gap 
between  employer  and  employee  wiU  widen,  if  we  do  not  do 
anything  to  close  it  up.  It  is  just  equally  important  to  pub- 
lic interests  and  to  the  interests  of  the  employer,  to  those  of 
the  engineer  and  to  those  of  the  employee  that  this  work 
be  done. 

.Tajies  Hartness  (written).  I  have  read  tliis  i^aper  en- 
titled "Industrial  Service  Work  in  Engineering  Schools" 
with  keenest  mterest  and  pleasure.  I  am  in  most  heartj'  ac- 
cord with  the  central  motive  and  am  confident  that  it  will 
have  a  far  reaching  and  beneficial  effect  not  only  on  the 
undergraduates,  but  on  all  engineers  who  are  in  receptive 
condition  for  progressive  ideas. 

The  engineer  should  be  in  the  forefront  of  the  campaign 
for  bringing  people  together — not  only  people  of  dirt'erent 
nations,  but  people  of  ditferent  walks  of  life.  The  trend  of 
the  public's  social  and  economic  views  will  begin  to  turn 
upward  as  soon  as  these  various  peoples  begin  to  imderstand 
each  other.  But  so  long  as  the  workman  fails  to  understand 
tlie  business  man,  and  tlie  business  man  the  worker,  the 
trend  of  our  ideas  will  be  toward  anarchy. 

The  paper  should  serve  as  a  keynote  for  many  others  that 
will  bring  out  the  gi'cat  importance  of  this  fact,  for  it  is  the 
engineer,  who,  as  the  director  of  men,  is  in  the  position  to  put 
into  practical  effect  many  regulations  that  will  lead  to  a  bet- 
ter relation  ami  a  better  understanding  between  man  and  man. 
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Tliis  ean  be  truly  called  welfare  work,  but  it  should  not 
carry  with  it  the  impression  that  it  is  solely  for  the  laborer 
or  even  for  the  newly  arrived  immigrant,  for  it  is  as  truly 
\velfare  work  among  the  well-to-do. 

Our  success  as  engineers  will  be  greater  if  we  work  along 
these  lines  and  the  value  of  the  engineer  to  his  country  will 
be  beyond  measure  if  he  realizes  his  obligations  and  oppor- 
tunities along. the  lines  stated. 

Although  the  paper  sets  forth  this  work  in  its  bearing 
on  the  student  and  the  humblest  workers,  it  will  carry  to 
e\-ery  one  the  message  that  there  are  opportunities  of  this 
kind  not  only  between  the  business  man  and  the  worker,  but 
also  between  the  workers  of  different  grades  when  measured 
according  to  their  skill  and  knowledge. 

I  congratulate  the  writer  on  presenting  this  subject  to 
our  Society  and  hope  that  it  will  be  followed  by  others  tend- 
ing to  offset  the  present  unfortunate  trend  of  class  feeling 
in  this  country,  for  much  harm  and  vei-y  little  good  will  be 
obtained  by  any  scheme  that  fails  to  take  into  consideration 
that  each  man  has  a  heart  as  well  as  a  brain,  and  that  each 
man  may  best  be  directed  by  someone  in  whom  he  has  con- 
fidence, by  someone  who  understands  him  and  that  the 
physical  energies  of  man  must  be  directed  through  the  man's 
mner  self.  You  must  get  at  bis  inner  motive  instead  of 
trying  to  forcibly  impress  his  body  into  sen-ice. 

The  Author.  So  far  from  implying  criticism,  the  sug- 
gestion referred  to  in  the  discussion  sprang  from  the  very 
effectiveness  of  Mr.  Rice's  relations  to  the  Student  Branches. 
No  one  knows  better  than  the  engineering  instructor  his  in- 
terest in  the  Branches,  or  the  value  of  his  visits  to  engineer- 
ing schools.  But,  as  the  chief  executive  officer  of  the  Society, 
the  Secretary  has  the  responsibility  for  many  activities,  of 
which  the  Branches  constitute  but  one.  The  President  and 
Council  members  are  men  of  important  outside  interests. 
None  of  the  olBcers  of  the  Society  are  in  a  position  to  give 
aU,  or  even  a  large  portion,  of  their  time  to  the  Branches,  even 
if  they  would. 

And  yet  there  is  a  great  field  there.  The  Branches  are 
increasing  in  number  and  membership.  Their  value,  already 
demonstrated,  may  be  greatly  enlarged;  and  the  good  work 
done  by  the  Society  under  existing  conditions  justifies  an 
extension  of  its  activity.  The  present  officers  cannot,  in 
justice  to  their  other  responsibilities,  however,  be  called  on 
for  a  very  much  greater  contribution  of  time  than  they  are 
now  giving. 

What  is  suggested,  therefore,  is  a  salaried  officer  of  the 
Society,  who  should  be  a  college  man  of  experience,  wide 
acquaintance  and  constructive  ability,  who  would,  under  Mr. 
Rice's  direction,  organize  Student  Branches  and  supervise 
their  activities,  bring  the  officers  and  acti\-e  members  into 
closer  relations  with  engineering  students,  assist  in  arrang- 
ing schedules  of  speakers,  help  students  in  securing  wise 
summer  employment,  and  inquire  into  and  develop  such  new- 
activities  as  this  Industrial  Service  work,  which  the  writer 
believes  to  be  of  sufficient  promise  to  justify,  of  itself,  the 
step  proposed.  But  it  is  a  work  which  is  expert  in  nature 
and  must  be  guided  wisely  to  keep  it  free  from  fads  and 
the  mistakes  of  immature  enthusiasm. 

This  progi-am  is  merely  a  suggestion.  The  right  man 
would  materially  extend  the  field  as  his  work  progressed. 
Like  the  education,  with  which  it  would  be  allied,  it  would 
be  constructive  work  for  the  future  and  its  influence  would 
be  most  felt  in   the  next  generation. 
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By  WILFRED  LFWIS,  PHILADELPHIA,  PA. 

Member  of  the  Society 

The  gear  testing  machine,  shown  in  Fig.  1,  is  the  re- 
sult of  the  writer's  efforts  to  realize  in  concrete  form 
an  ideal  machine  for  the  purpose  of  continuing  the 
experiments  reported  to  the  Society  by  Prof.  Guide 
H.  Mai-s  at  the  Annual  Meeting  in  1912.  The  possi- 
bility of  testing  heavier  gears  at  liigher  speeds  with 
comparatively  little  power  occurred  at  once  to  Mr. 
Ralph  E.  Flanders  and  to  the  writer  as  pointed  out  in 
their  discussions  of  the  paper,  but  the  problem  re- 
mained to  design  a  suitable  machine  which  might  also 
be  used  to  supplement  the  experiments  made  by  the 
Committee  on  Standards  for  Involute  Gears  to  deter- 
mine the  friction  losses  and  the  running  qualities  of 
various  tj^es  of  gearing.  After  making  a  number  of 
preliminaiy  sketches,  the  writer  was  about  to  put  them 
in  the  hands  of  a  draftsman,  when  he  had  the  good  for- 
tune to  meet  Prof.  E.  P.  Lesley,  one  of  Professor 
Marx's  associates,  who  accepted  the  task  of  preparing 
the  working  drawing.  The  machine  as  it  now  appears 
is  due  in  large  measure  to  his  careful  attention  and 
skill  in  the  perfection  of  every  detail  and  the  writer  is 
pleased  to  acknow-ledge  many  helpful  suggestions 
which  have  broadened  the  scope  of  the  undertaking 
and  made  the  design  a  practical  possibility. 

The  machine  proposed  is  based  essentially  upon  the 
principle  of  the  machine  used  in  testing  by  the  Com- 
mittee on  Involute  Gears,  which  is  to  put  the  teeth 
under  a  working  load  without  consuming  an  excessive 
amount  of  power.  The  design,  however,  has  been  modi- 
fied to  facilitate  changes  in  the  working  load  and  in 
the  test  gears  employed.  At  the  suggestion  of  Pro- 
fessor Lesley,  it  has  also  become  possible,  not  only  to 
change  the  amount  of  the  working  load  wliile  running, 
but  also  to  change  its  direction,  thus  producing  the 
effect  of  reversing  loads  upon  the  teeth  wliile  running 
continuously  in  the  same  direction. 

Tlie  apparatus  has  a  hollow  shaft  made  in  two  parts, 
A,  and  A.,,  united  by  a  clamp  A^,  also  made  in  two 
parts  to  facilitate  assembling.  At  one  end  of  this  hol- 
low shaft  is  a  flange  to  receive  tlie  steel  gear  ring  G, 
whicli  sem-es  as  a  permanent  part  of  the  apparatus  and 
is  strong  enough  to  resist  the  stresses  due  to  testing. 

Besides  the  hollow  shaft  A,  there  are  two  solid  shafts 
C  and  S  on  which  are  mounted  the  gears  or  pinions  to 
be  tested.  Shaft  S  passes  through  hollow  shaft  A  and 
has  a  flange,  at  one  end  of  which  is  mounted  test  gear 
T.  Shaft  C,  parallel  with  shafts  A  and  S,  carries  the 
wide-faced  pinion  P,  which  is  in  mesli  with  both  the 
permanent  gear  ring  G  and  test  gear  T. 

Shafts  A  and  S  are  connected  at  their  opposite  ends 
by  a  novel  device  through  whicli  any  desired  amount  of 
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loail  ill  citliiT  direction  can  bi'  ajijilied  to  the  teetli, 
wlictlicr  at  rest  or  while  numiug  in  either  direction. 
To  accomplish  this  puri)Ose,  the  hollow  shaft  A  is 
flanged  to  receive  the  pneumatic  cylinder  M,  in  which 
is  tlie  piston  N,  firmly  secured  to  the  sliaft  »S'.  Pins 
D  I)  are  driven  into  the  piston  N  through  the  openings 
in  the  cylinder  .¥  and  upon  the  projecting  ends  of 
these  pins  rollers  li  li  are  mounted  upon  roller  bear- 
ings. A  bolt  passing  through  the  pins,  piston  and  shaft 
secures  the  whole  in  place.  These  rollers  R  R  engage 
helical  segments  //  //  let  into  the  walls  of  the  cylinder 
M.     Air  pressure  can  be  applied  to  the  piston  N  on 


or  if  preferred,  a  motor  drive  may  be  used  in  connec- 
tion with  the  extended  end.  When  the  gear  wheel  T 
is  to  be  tested,  the  intention  is  to  use  it  in  connection 
with  a  steel  pinion;  and  when  the  pinion  P  is  to  be 
tested,  the  intention  is  to  make  it  of  cast  iron  and  cut 
down  the  width  of  the  teeth  engaging  with  T,  by  nick- 
ing down  on  either  side  to  a  smaller  width  of  face. 

When  a  tooth  breaks  in  the  wheel  T,  or  in  the  pinion 
/',  it  is  important  to  avoid  the  complete  destruction  of 
the  apparatus  by  the  jamming  of  the  remaining  teeth 
on  their  ends,  to  maintain  the  wheels  G  and  T  in  proper 
relation  to  ea(  li  other,  and   Tor  this  reason,  the  stops 
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either  side  to  give  a  slight  amount  of  end  motion  to  the 
shaft  8  and  so,  through  the  action  of  the  rollers  upon 
tlie  helical  segments,  a  slight  angular  motion  is  pro- 
duced between  shafts  A  and  S.  resulting  in  a  pressure 
lietween  the  teeth  of  the  gears  upon  these  sliafts  and  the 
teeth  of  tile  pinion  on  shaft  C.  Pressure  gages  0^  0., 
i-oiiiieoting  with  each  side  of  tile  piston  area  are  cali- 
brated to  record  the  resulting  pressure  on  the  gear 
teetii,  taking  account  of  the  piston  areas,  the  pitch  of 
tlie  helical  cams  H  and  the  diameter  of  the  gear  wheels. 
Since  but  little  power  is  recpiired  to  drive  the  appa- 
ratus, the  ])inioii  P  is  siiiij)ly  clamped  to  the  sliaft  C, 
by  a  nut  on  its  tapered  end.  The  shaft  itself  is  made 
heavy  for  the  sake  of  stiffness  and  a  pulley  0,  between 
bearings,  is  attached  for  driving  from  a  countershaft, 


A"  K,  wMth  their  adjustable  eccentrics  E  E,  are  em- 
ployed. The  block  K  is  clamped  to  the  wheel  G  through 
the  intervening  eccentric  bushings  E  E.  The  intention 
is  to  keep  one  of  the  clamping  bolts  tight  while  the 
other  is  loosened  and  the  eccentric  adjusted  to  a  pre- 
determined amount  of  clearance  on  either  side,  after 
which  both  eccentrics  are  to  be  clamped.  These  stops 
do  not  come  into  action  miless  a  tooth  is  broken  or  de- 
formed. Then  they  cause  both  gears.  G  and  T,  to  run 
together.  By  means  of  these  stops  it  is  also  possible 
to  study  the  effect  of  a  predetermined  irregularity  in 
forming  or  spacing  the  teeth.  For  instance,  an  abnor- 
mally wide  space  or  tooth  can  be  simulated,  when 
broken  oiit  or  purposely  cut  away,  by  the  position  of 
the  stops  and  the  pounding  effect  in  running  will  be 
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uvideut  as  the  rt'sult  of  a  certain  measured  irregularity. 

The  shafts  A  aud  C  are  mounted  in  ball  bearings  to 
reduce  friction  and  as  a  matter  of  expediency  the  scale 
of  the  apparatus  has  been  determined  by  the  bearings 
F  F  on  the  shaft  A.  These  are  of  the  largest  commer- 
cial size  and  to  make  them  available  the  shaft  A  was 
cut  in  two  and  united  by  the  clamp  A^.  The  bearings 
for  the  hollow  shaft  are  firmly  bolted  and  doweled  to 
a  bed  plate  W,  while  those  for  the  pinion  shaft  are  ad- 
justable to  the  diameter  of  the  pinion  used,  a  distance 
piece  V  of  proper  width  being  used  in  every  case  to 
prevent  movement  under  load. 

It  will  be  seen  that  the  apparatus  is  capal)le  of  deter- 
mining to  a  nice  degree  of  accuracy  a  number  of  un- 
settled problems  of  great  practical  importance  at  a 
\ery  small  expenditure  for  wear  and  tear  aud  power. 
Jigs  will  be  made  for  drilling  the  gears  G  and  T  after 
cutting  the  teeth,  so  that  the  relative  positions  of  the 
two  wheels  may  be  accurately  fixed.  Friction  is  prac- 
tically eliminated  in  the  ball  and  roller  bearings,  aud 
what  remains  must  become  inappreciable  under  the 
well-known  influence  of  vibration  when  running,  ex- 
cept that  due  to  air  resistance  and  tlie  friction  in  tlie 
teeth.  "With  some  accurate  means  for  measuring  the 
power  consumed,  botli  of  these  variables  can  be  deter- 
mined better  than  ever  before.  Tlie  apparatus  in  skil- 
ful liands  shoidd  therefoi'e  solve  the  mooted  question  of 
the  effect  of  speed  on  streugtli,  aud  questions  of  dura- 
bility, wear  and  noise  can  be  studied  at  a  small  outlay 
in  power  and  materials.  It  is  jiossible  that  some  slight 
modifications  nuiy  finally  be  embodied  to  facilitate  con- 
struction, but  tile  machine  so  shown  is  believed  to  con- 
tain the  elements  needed  for  an  exhaustive  examination 
of  the  subject  of  gearing  in  all  its  phases  and  the  writer 
hopes  it  will  appeal  to  some  one  interested,  who  has 
the  means  to  build  it  and  time  to  experiment  on  the 
lines  so  well  indicated  by  Professor  Marx. 

DISCUSSION 

Elmer  H.  Xefp:  As  I  umlerstaiid  it  this  papei-  is  simply 
a  record  of  a  design  which  has  never  been  built.  It  would 
appear  therefore  that  the  real  discussion  of  this  machine 
will  be  brought  out  when  it  has  been  built  and  an  attempt 
made  to  draw  conclusions  from  e.xperiments  made  with  the 
machine.  At  tiiat  time  more  details  will  be  apparent  than  a 
hasty  examination  reveals.  We  will  be  able  to  judge  some- 
what of  the  statement  in  the  last  paragraph  suggesting  that 
vibration  reduces  the  quantity  of  helical  friction  loss  in  the 
machine  to  a  negligible  quantity,  leaving  only  the  friction 
of  the  gears  as  they  esist. 

Hexrv  Hess  :  Mr.  Lewis  has  done  a  really  extraordinary 
amount  of  self-sacrificing  work  in  this  line,  for  which  he  has 
earned  chiefly  criticism,  largely  interested  criticism,  but  criti- 
cism nevertheless.  There  is  probalily  no  other  one  man  who 
has  given  so  much  time  and  effort  with  absolutely  no  incen- 
tive of  a  financial  reward  of  any  kind  and  with  no  interest 
except  a  purely  engineering  one.  It  would  be  a  very  good 
thing  if  it  were  possible  for  the  Society  to  make  available 


surplus  funds,  which  it  has  not  at  present,  but  whu-li  it  may 
hope  to  have  some  day,  for  the  prosecution  of  experiments 
with  a  machme  such  as  this  of  Mr.  Lewis'  design.  I  do  not 
mean  to  say  necessarily  this  particular  machine,  but  any 
machine  which  will  realize  the  object  underlying  its  design. 
I  move  that  the  Society  suggest  to  the  Council,  the  initiation 
of  steps  to  render  possible  the  carrying  out  of  experiments 
of  this  character. 

P.  F.  Walker  :  It  may  be  of  interest  to  some  to  know  that 
in  the  engineering  laboratory  at  the  University  of  Kansas 
we  have  under  way  tests  to  determine  the  friction  loss  in 
i;eai's.  Our  jilans  cover  more  than  the  gears,  however,  o\u' 
liist  work  having-  been  on  the  universal  joint  as  made  for 
automobile  transmission.  On  this  latter  portion  of  our  work 
1  had  thought  to  comment  to-day,  since  it  will  be  some 
months  before  our  work  on  the  geai's  will  be  brought  to  a 
point  where  any  report  may  be  made. 

The  point  of  greatest  difficulty  in  the  measurement  of  fric- 
tion losses  is  in  the  measurement  of  power.  Where  the  power 
transmitted  is  in  fairly  large  amount  and  the  friction  loss 
small,  and  the  power  input  and  power  output  are  measured 
in  their  full  amounts,  the  small  difference  indicating  fric- 
tion loss  is  bound  to  absorb  all  errors.  The  error  may  be  a 
small  pei-centage  of  the  power  transmitted  and  still  be  so 
lai-ge  in  i>roportion  to  the  loss  being  determined  as  to  render 
results  worthless. 

For  this  reason,  in  the  universal  joint  work  we  adopted 
the  "  Load-back  "  method  of  testing.  This  consists  in  oper- 
ating the  joint  between  two  electrical  machines,  the  shafts 
being-  connected  through  the  joint,  one  machine  acting  as 
motor  and  the  other  as  generator  while  the  first  uses  the  cur- 
rent generated  in  the  second.  The  only  power  supplied  from 
outside  is  that  required  to  make  up  the  losses  of  machines 
and  joint  combined.  The  machine  losses  must,  it  is  mani- 
fest, be  determined  separately,  but  a  distinct  advantage 
gained  is  the  elimination  of  the  large  power  readings.  In 
any  form  of  test  the  machine  losses  must  be  determined,  thus 
uitroducing  that  detail  in  the  work  irrespective  of  other 
determinations. 

We  have  spent  three  years  on  the  universal  joints  and 
ha\-e  gotten  to  the  point  where  we  are  about  ready  to  make 
the  report.  On  the  gears,  only  the  preliminary  runs  have 
been  made,  but  I  have  reason  to  believe  that  this  work  will 
jirogress  much  faster  than  the  other. 

A.  G.  Christie:  It  may  be  of  interest  to  know  that  a  num- 
ber of  the  large  state  institutions  in  the  West  have  engineer- 
ing experiment  stations  in  connection  with  the  University. 
Illinois,  Wisconsin  and  Iowa,  all  have  experimental  stations 
in  connection  with  their  state  University.  These  experi- 
mental stations  are  not  tremendously  wealthy,  but  they  do 
have  each  year  certain  sums  of  monej'  set  aside  for  investiga- 
tion work,  and  I  believe  that  a  great  deal  could  be  gained 
both  by  the  stations  and  by  the  Society,  if  the  Society  would 
cooperate  with  these  engineering  experiment  stations  in 
carrying  on  research  work.  While  I  was  at  the  University 
of  Wisconsin  we  would  have  welcomed  such  cooperation 
very  greatly.  In  fact  we  did  carry  out  some  work  sug- 
gested by  the  ventilating  engineers.  I  believe  the  univer- 
sities would  welcome  any  suggestions  coming  from  the 
Society. 

The  Author:  It  is  true,  as  Mr.  Neff  has  stated,  that  the 
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gear  testing  machine  flescribed  in  my  paper  has  never  been 
built.  It  is  simply  a  design  intended  to  meet  the  need  of 
iurther  light  upon  a  number  of  questions  pertaining  to  tlie 
use  of  gears.  As  suggested  by  Prof.  Walker,  there  are  other 
ways  of  measuring  the  friction  losses  in  gearing,  and  if  good 
results  (-an  be  obtained  by  electrical  methods,  it  will  be  in- 
teresting to  have  such  e.xperiments  for  comparison. 

There  are,  however,  other  features  of  this  testing  machine 
which  do  not  appear  to  be  so  easily  superseded  by  a  motor 
driven  generator,  and  it  is  difficult  to  imagine  how  the  load 
on  the  teeth  can  be  varied  and  reversed  with  the  same  facility 
and  measured  with  the  same  precision.  Nor  does  it  appear 
how  tlie  effects  of  irregularities  in  forming  and  spacing  the 
teeth  can  be  so  cai-efully  studied  under  different  speeds  and 
loads.  Perhaps  the  same  problems  can  be  solved  to  advan- 
tage in  other  ways,  and  different  methods  of  attack  are  cer- 
tainly to  be  desired,  but   tlie  direct  mechanical  method  ap- 


peals to  me  as  the  most  accurate  and  reliable.  Friction  can 
be  practically  eliminated  by  ball  and  roller  bearings  and  if 
the  little  that  remains  is  not  further  reduced  to  a  negligible 
quantity  by  vibration,  it  is  reassuring  to  know  that  the  con- 
clusions will  not  be  seriously  aifeeted  thereby.  Vibration  of 
a  pattern  on  a  molding  machine  certainly  does  eliminate  most 
of  tlie  friction  between  that  pattern  and  the  sand,  and  it  is 
well  known  that  bolts  and  nuts  work  loose  in  machinery  sub- 
ject to  \ibration,  unless  special  precautions  are  taken  to 
secure  them. 

If  the  interest  in  the  subject  warrants  the  construction  of 
a  machine,  as  implied  in  the  motion  of  Mr.  Hess,  by  all 
means  let  us  have  the  type  of  machine  subjected  to  the  full- 
est and  freest  discussion.  I  have  simply  presented  a  design 
which  appears  to  me  to  be  complete  and  fatisfactory,  and 
I  shall  be  glad  to  welcome  other  ways  and  means  upon 
their  merits. 
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Tlie  pitot  tube  ami  venturi  meter,  while  fully  reli- 
able, with  proper  handling,  for  determining  the  flow 
in  closed  channels,  are  apt  to  give  more  or  less  donlit- 
ful  results  in  less  experienced  hands.  An  apparatus 
less  sensitive  to  errors  and,  in  a  majority  of  eases,  quite 
easy  to  install,  is  the  elbow  or  bend  meter  described  in 
this  paper.  The  principle  on  which  the  measurement 
of  flow  in  this  apparatus  is  based,  is  that  when  the 
velocity  of  a  fluid,  as  a  whole  or  in  part,  is  changed,  a 
change  in  pressure  accomjianies  the  change  in  velocity, 
and  hence,  when  the  areas  carrying  the  fluid  before 
and  after  the  change  are  known,  the  original  and  final 
velocities  of  the  fluid  can  be  determined  from  the 
change  in  the  pressure  that  has  been  noted.  The  appa- 
ratus ( Fig.  1 )  consists  simply  of  an  elbow  or  bend  pro- 
vided with  suitable  pressure  ports  in  the  inner  and 
outei-  cuivfd  walls,  by  means  of  which  the  centrifugal 
action  set  u]i  in  deflecting  the  course  of  the  passing 
fluid  is  cominuiiicated  to  the  registering  apparatus. 

FORMULAE  RELATING  TO  THE  FLOW  BEND 
If  it  be  assumed  that,  when  passing  through  the 
bend,  the  velocity  in  each  stream  line  is  proportional 
to  the  distance  from  the  center  of  curvature,  so  that  all 
jiarticles  of  tlie  fluid  in  the  plane  normal  to  the  neu- 
tral axis  move  together,  then  the  centrifugal  action  nor- 
mal to  the  axis  will  be  as  illustrated  in  Fig.  2. 

Here  m  is  an  elementary  mass  of  the  fluid,  of  a  sec- 
tional area  a  normal  to  the  diameter  DD  and  of  a 
length  d.r.  In  turning  tlie  bend,  the  centrifugal  force 
C,  acting  on  in  will  cause  the  pressure  acting  radially 
in  front  of  it  to  be  increased  the  amount  dp,  and  tlie 


increase  in  pressure  on  the  area  a  must  at  all  instants 
balance  the  force  C.    Hence,  we  have 
adp  ^  C  ^  mxw- 
and  since 

w  ^=  — adx 
9 
we  get 

dp       Mr      , 

^r  =  —  xdx 
S  9 

With  respect  to  the  density  B  in  the  above  equation, 

the  following  assumptions  may  be  made : 

1     That  S  remains  vxnchanged  during  the  flow, 

as  in  the  case  of  water 

IT     That  S  changes  at  the  rate  an   isothermal 

compression  or  expansion  would  call  for 

I  [  I     That  it  clianges  at  the  rate  an  adiabatie 

compression  or  expansion  would  call  for 

Case  I.     3  is  constant.     Through  integration  of  the 

general  equation 


Abstract  of  paper  presented  at  the  Spring  Meeting,  at  St.  Paul- 
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neers. 


9 
P  =  Pi  X  =  r 

after  certain  substitutions,  with  T^  as  the  mean  linear 
velocity,  there  will  be  obtained 

J^-        ^+''       (h  -h) 

Finally  call  R  —  r  =  D  =  the  diameter,  or  width 

R  -4-  r 
of  the  channel  and  p  =  — 5^—  =  mean  radius  of  the 

bend,  then  we  get 

2g     -   27)    ^   -        ''•^ 
which  iiiav  be  written 
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^'— aJA^  '^^^ 


wliere  H  is  tlie  difference  in  the  pressure  at  the  outer 
and  inner  wall  of  the  bend,  in  feet  head  of  the  fluid. 
The  forresponding  formvda  for  the  pitot  tube  is 
V  =   yl2gH 
Ileuce,    the    velocity   measured   by   the    bend    will   be 

-.1  ^—^  of  the  velocity  measured  by  the  pitot  tube  for 

equal  differential  pressure.    In  other  words,  the  diifer- 
ential  pressure  in  the  manometer  tube  will  for  the  same 

2D 

velocity  of  the  fluid  be  of  the  pressure  indicated 

P 
by  the  pitot  tube. 


strictly  speaking,  the  use  of  the  beud  does  not  intro- 
duce any  really  new  formulae. 

In  order  to  determine  what  results  could  be  obtained 
by  the  use  of  the  flow  bend,  investigations  were  made 
with  a  special  apparatus  designed  for  this  purpose, 
steam  being  used  as  the  fluid  under  test.  In  Fig.  3  are 
plotted  the  weight  of  steam  per  minute  on  a  base-line 
which  is  the  product  of  height  of  water-column,  in 
inches,  by  the  corrected  density  of  the  steam. 

Tile  bend  was  of  a  sectional  area  of  1.24  sq.  in.,  and 
was  attached  in  a  IVi^-in-  steam  line,  with  one  throt- 
tling valve  in  front  and  one  behind  it,  whereby  the 
pressure  and  the  velocity  of  the  flowing  steam  could 
be  regulated  at  will.  At  the  time  of  planning  for  the 
apparatus  it  was  hardly  expected  that  the  abnipt 
change  in  area,  from  a  cylindrical  tube  1.6  in.  in  diam- 
eter to  a  square  tube  1%  in.  on  a  side  would  be  pro- 
ductive of  the  ycry  best  results.  However,  it  was  rea- 
soned that  as  the  centrifugal  force  is  more  or  less  in- 
dependent of  whirls  in  the  body  of  the  fluid,  any 
irregularities  in  the  flow  would  not  have  as  great  an 


D_]      c '  ctntrifuqal  force , 
nn  =  masi 


I     (f  -  density 


FiQ.  1     Metering  Bend 


angular  veloatii 


FiQ.  2     Diagram  op  Motion  of  a  Particle  of  Fluid  in  the 
Flow  Bend 


Vast  II.     5  changes  as  by  isothermal  compression. 
Hence 

P 

which  substituted  in  the  general  equation  gives 

,  P  =  P:  ^  X  =  R 

'111-      I 

xdx 


S  tJ  p      '   9   ^ 


and  through  integration  and  reduction 


Case  III.     S  changes  as  hy  adiahatic  compresswn. 
Accordingly, 


0  = 


ihy '' 


which     substituted    in    the    general     equation    gives 
through  integration  and  reduction,  as  previously 

Hence,  the  general  formulae  for  the  bend  are  practi- 
cally those  of  the  pitot  tube  covering  corresponding 


cases,   with   only   the   factor 


\  2)2 


added,   so  that. 


influence  on  the  results  as  it  would  in  the  case  of  the 
pitot  tube  or  in  the  venturi  meter.  It  was  also  as- 
sumed that  the  great  number  of  pressure  ports  length- 
wise of  the  bend  would  have  a  tendency  to  average  up 
the  possibly  varying  pressures  throughout  its  length. 
Besides,  it  was  in  part  the  object  of  the  investigation 
to  determine  if  violent  irregularities  in  the  flow  really 
would  have  any  great  influence  on  the  readings;  be- 
cause on  that  circumstance  would  depend,  largely,  the 
final  usefulness  of  the  apparatus,  as  compared  witli 
that  of  those  in  general  use. 

From    the    pitot    tube    formula,    the    corresponding 
formula  for  the  bend  may  be  obtained,  as  explained. 


adjoining  the  factor    ..I  ;j-  - .     Thus,  for  the  pres- 


ent case 


W, 


7.62 


" yj  2D 


V  K^ 


where  W^  is  the  weight  in  lb.  per  minute,  and  /(„  head 

in  inches  of  water.    The  average  area  through  the  bend 

0  2 

was  1.24  sq.  in. ;  the  factor    '^      — 


2D    -    3'°^" 
Hence,  for  the  bend  used  we  have 


\2D  - 


0.816.5.  

1F,„  =  7.62  X  1.24  X  0.816.5  V  h,.-  S  =  7.716  V  h. 
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This  formula  is  represented  bj-  the  full-draAvn  curve 
of  Fig.  3. 

The  approximate  velocity  formula,  which  applies 
quite  closely  for  steam  of  the  moderate  velocities  of  the 
present  tests,  may  be  written  from  formula  for  the 
pitot  tube,  as 

V.  =  0.8165  X  18.29  ^\  =  14.93  ^  ^ 

The  curve  representing  this  formula  (the  parabola) 
is  sho«ai  in  Fig.  4,  and  underneath  ai-e  plotted,  in  feet 
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Fig.  3     Curves  of  Weight  per  Minute 
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Fig.  4     VELOciTy  Curves 

per  second,  the  velocities  obtained  in  the  34  tests.  The 
average  velocity  curve  to  suit  the  plotted  points  would 
be  appi'oximately  as  shown  in  the  broken  line,  and  it 
w^ill  be  seen  that  the  majority  of  the  plotted  points 
come  as  closely  to  their  proper  places  as  could  reason- 
ably be  expected.  It  may  be  said  tliat  on  the  wliole 
and  under  tlie  circumstances,  tin-  results  eoiue  sui'pris- 
ingly  close  to  what  the  theory  would  have  predicted ; 
and  it  is  judged  that  witli  reasonable  care  to  elimin- 
ate as  much  as  possible  all  distiirhiiig  influences  with 
respect  to  tlie  flow  through  it,  the  bend  will  in  accu- 
racy measure  up  well  witli  tlie  instruments  in  general 
use. 


DISCUSSION 

S.  M.  Woodward.  This  is  an  interesting  matter  and  the 
instrument  as  explained  seems  to  have  given  good  practical 
results,  but  I  doubt  whether  the  correct  theory  of  flow 
around  the  bend  is  as  simple  as  the  mathematics  given  iu 
the  paper  would  indicate.  One  of  the  fundamental  assump- 
tions made,  is  that  in  a  fluid  flowing  around  the  bend,  all 
the  particles  have  the  same  anfrular  velocity.  It  seems  to  me 
that  it  would  be  more  rational  to  assume  the  same  Unear 
velocity.  This  would  not  affect  the  practical  use  of  the  ap- 
Ijaratus  but  it  woukl  somewhat  affect  the  calibration. 

Flow  aniuMil  bends  is  a  complicated  matter.  As  motion 
around  tlie  bend  begins  and  the  pressure  bee(uues  less  on 
the  inner  boundary  of  the  curve,  this  chansre  of  pressure  is 
accompanied  by  a  corresponding  change  in  velocity  distri- 
bution through  the  cross  section.  At  first,  the  diminution 
of  pressure  produces  an  increase  of  velocity  on  the  inner 
side  of  the  bend,  whicli  is  the  opposite  of  the  condition  as- 
sumed in  the  paper. 

The  Author.  I  readily  agree  with  Professor  Woodward 
that  the  theory  for  flow  through  bends  is,  in  its  entirety, 
(juite  complicated ;  but  in  so  far  as  it  pertains  simply  to  the 
centrifugal  force  coming  into  play  it  does  not  seem,  neces- 
sarily, involved  at  all.  The  matter  to  which  Mr.  Woodward 
refers,  I  should  perhaps  liave  stated  more  fully,  in  order  to 
be  more  readily  understood. 

Tlie  force  acting  on  a  given  section  of  the  fluid,  and  caus- 
ing it  to  deviate  its  course  is,  successively,  changing  in  dii-ec- 
tion  as  the  fluid  proceeds  through  the  bend,  but  it  always 
passes  through  the  center  of  curvature  of  the  bend.  Its 
effect,  tlierefore,  upon  the  fluid,  at  any  time  throughout  the 
sweep  of  the  bend,  will  be  a  certain  force  through  tlie  center 
of  curvature,  the  centrifugal  force,  and  a  couple,  which 
latter  causes  a  whirl  or  eddy.  But  as  far  as  the  centrifugal 
force  is  concerned  the  whirl  is  of  no  consequence  whatever. 

With  this  in  view,  the  assumption  with  regard  to  the 
stream  lines  of  Fig.  3  would,  of  course,  better  be  looked  upon 
as  referring  to  particles  of  the  fluid  of  certain  defined  den- 
sity, rather  than  strictly  to  some  mathematically  defined  ma- 
terial points.  However,  any  way  this  may  be  looked  upon, 
under  the  conditions  of  the  problem  the  assumption  seems 
justified,  and  that  it  really  is  so  the  results  verify. 

W^ith  regard  to  the  elementary  section  tlu-ough  tlie  fluid, 
Fig.  2,  which  is  the  basis  for  the  deduction  of  the  formulas, 
there  is  no  necessity  for  considering  it  as  being  composed  of 
the  identically  same  material  pomts  for  every  section  of  the 
bend.  That  various  particles  may  replace  each  other  from 
section  to  section  does  not  affect  the  reasonuig,  so  long  as 
they  change  position  in  a  manner  that  will  not  affect  the 
centrifugal  force. 

The  substance  of  the  proposition  may,  perhaps,  be  stated 
simply  thus:  There  is  a  certain  mass  passing  through  the 
bend,  the  center  of  gravity  of  which  is  located,  and  of  known 
velocity;  there  is  then,  in  order  to  find  the  value  of  the  cen- 
trifugal force,  no  need  for  knowing  whether  the  mass  re- 
volves, or  how  it  acts,  so  long  as  its  center  of  gravity  follows 
a  defined  path. 

Mr.  Woodward's  statement  that  the  velocity  of  the  fiuid 
increases  on  the  inner  bomidary  of  the  bend  as  the  pressure 
decreases,  I  can  explain  only  on  the  ground  that  he  refers 
to  the  velocity  in  the  whirl.  I  have  by  "  velocity  "  consid- 
ered only  that  which  causes  the  fluid  to  progress  through  the 
bend. 


RAILROAD  TRACK  SCALE 

BY  W.  WALLACE  BOYD,  BALTIMORE,  MU. 
Junior    Member  of    the  Society 


The  immense  freight  traffic-  of  the  railroads,  with 
the  necessity'  of  iuterehangiiig  cars  in  order  that  the 
mereliaudise  which  they  contain  may  reach  its  desti- 
nation without  transfer,  demands  an  accurate  method 
of  determining  the  weight  of  tlie  loaded  car  as  it  stands 
upon  the  rails. 

In  order  properly  to  weigh  these  loads,  track  scales 
of  sufficient  capacity  and  lengtli  must  be  supplied  at 
the  necessary  points  along  the  route ;  and  above  all, 
these  scales  must  be  of  such  construction  as  to  put  their 
continued  accuracj'  beyond  a  doubt. 

In  these  scales  the  following  essential  conditions 
must  be  observed : 

«  The  foundations  must  be  massive  enough  to  resist 
successfully  distortion  or  displacement  due  to 
•    repeated  applications  of  the  load. 

THE  ARROWS  INDICATE  THE  DIRECTION  OF  THE  LOAD 
.4 — Main  I.ever  Z> — Fifth  Lever 

B — End  Extension  Lever  E — Shelf  Lever 

C — Middle  Extension  Lever      F — Beam 


the  lever  on  tlu-  low  side  of  the  knife  edge,  caus- 
ing friction  and  sluggishness  of  action. 
/  There  must  be  provision  for  draining  the  pit  thor- 
oughly and  keeping  it  dry,  to  prevent  corrosion 
as  much  as  possible,  as  well  as  for  inspection. 
Knife  edges  are  subject  to  corrosion  and  this 
drainage   and  inspection  must   be   provided   in 
order  to  insure  the  continued  accuracy  of  tlie 
scale. 
In  the  design  of  a  scale  the  maximum  load  per  truck 
must  be  considered,  otherwise  the  levers  and  connec- 
tions will  be  too  light  and  mischievous  deflection  with 
possible  failure  occur.    At  the  present  rime  the  largest 


Fig.  1     Lever  Diagr.^m 


6  Connections  should  be  strong  enough  to  resist  the 
load  imposed  upon  them  even  after  considerable 
corrosion  has  occurred. 

c  Unnecessary  friction  must  be  eliminated  since  it 
produces  sluggishness  of  action,  insensitiveness 
to  the  smaller  loads  and  inaccuracy  in  indicat- 
ing the  load. 

d  There  must  be  a  proper  distribution  of  tlie  metal 
in  the  levers  to  avoid  undue  deflection  which 
may  cause  either  quickness  or  slowness  of  ac- 
tion ;  or  may  cause  inaceurae.y  through  change 
in  the  length  of  the  lever  arms. 

e  All  knife  edges  should  be  in  the  same  plane  and 
each  a  true  edge,  hard  and  sharp ;  if  the  edges 
are  not  in  the  same  plane,  the  bearings  have  a 
tendency  to  slide,  producing  a  pressure  against 
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axle  used  in  freight  service  has  the  6-in.  by  11-in.  jour- 
nal with  a  capacity  of  50,000  lb.,  or  a  maximum  load 
of  100,000  lb.  upon  one  track  (four  wheels). 

Assiuning  a  scale  of  four  sections,  of  1-50  tons  total 
capacity,  the  usual  allowance  would  be  for  a  load  of 
37.-5  tons  at  each  section,  plus  a  certain  additional  load 
due  to  the  weight  of  the  bridge  and  its  dead  load.  On 
this  basis,  however,  the  levers  and  their  connections 
would  be  too  light,  since  with  a  load  of  50  tons  per 
truck  moving  across  the  platform,  it  is  very  evident 
that  the  stresses  would  mount  higher  than  those  for 
which  allowance  was  made.  By  taking  into  considera- 
tion this  maximum  axle  load,  it  is  possible  to  have  the 
main  levers  of  all  track  scales  made  standard  and  with 
this  standardization  they  become  interchangeable  and 
ready  for  immediate  use. 

The  bridge  may  be  built  in  one  piece,  or  made  in 
sections  having  a  flexible  connection,  according  to  the 
length  of  the  platform.     For  scales  of  large  capacity, 
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and  eonsidei'able  platform  length,  it  is  advisable  to  de- 
sign a  bridge  for  tlie  largest  possible  load  that  may 
come  uj)on  it,  making  it  in  sections,  the  joints  of  which 
come  over  the  main  bearings.  This  obviates  the  objec- 
tionable pounding  upon  the  knife  edges,  whicli  occurs 
witli  a  continuous  beam,  due  to  deflection,  and  there 
are  other  advantages,  such  as  ease  of  handling,  etc. 

To  relieve  the  knife  edges  of  some  of  the  hammer- 
ing, which  they  are  .sure  to  get  wlien  the  moving  wheels 
roll  from  the  solidly  laid  track  to  the  live  rails  on  tlie 
weigli  bridge,  it  is  customary  to  cany  the  bridge  gir- 
ders somewhat  beyond  the  end  of  the  platform.  The 
most  satisfactory  plan  would  be  to  prolong  the  girders 
for  the  end  span  so  that  the  load  would  be  applied  at 
their  middle  points.  This,  however,  would  have  the  ob- 
jection that  the  pit  and  the  bridge  would  be  too  long, 
entailing  unnecessary  expense.    On  examining  several 


At  fifth  lever 25 

At  shelf  lever 200 

At  butt  of  beam 1000 

The  lever  lengths  in  Fig.  2  are  expressed  in  terms  of 
the  short  arms,  x,  of  the  levers,  designated  as  "  ful- 
crum "  lengths.  One-half  the  platform  length,  which 
is  considered  in  connection  with  the  levers  shown,  is 
25  ft.  =  300  in. 

The  length  from  the  trausvei-se  center  line  of  the 
scale  to  the  load  knife  edge  on  the  end  extension  lever 
is  24a;  -f-  5  in.  and  the  weigh  bridge  girder  extension 

is  one-fouitli  of  the  end  span,  or-— x.    Then 

O 

300  in.  -f  3V3X  =  24a;  +  5  in. 

X  =  14%  in.  (approximately) 
which  gives  for  the  extension  of  the  weigh  bridge  gir- 
ders beyond  tlie  end  of  the  platform 
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Fig.  2     Diagram  Showing  Dimension.s  ok  Platform,  Girders  axd  Levers 


designs,  no  standard  jiroportions  were  observed,  the 
length  of  the  extension  varying  from  less  than  a  fourth 
the  length  of  the  end  span  down  to  nothing. 

PROPORTIONS  OP  LEVERS 

In  Fig.  1  is  shown  a  lever  diagram  and  in  Fig.  2  the 
platform  arrangement  and  the  proportions  of  the  mid- 
dle and  end  extension  levers  for  a  track  scale.  In  this 
design  it  is  a.ssumed  that  the  extension  of  the  weigh 
bridge  girders  is  14  of  the  length  of  the  end  spans. 

Allowing  5  in.  on  each  side  of  the  transverse  center 
line  for  the  connections  of  the  middle  extension  levers 
to  the  fifth  lever,  the  necessary  lengths  of  the  weigli 
bridge  girders,  and  the  lengths  of  the  end  and  middle 
extension  levers  may  be  found  as  follows,  assuming  the 
leverage  ratios  to  be  : 

Main  levers 3 

Extension  levers 8  'A 

Fifth  lever 8 

Shelf  lever 5 

This  makes  the  leverage  ratios  at  the  several  connec- 
tion points  as  follows : 


11   ^^     117        ,„.,   .  ,  „^    _.,   . 

-q-  X    -Q-  =  03%  m.,  or  4  ft.  0%  m. 

The  lengths  of  the  levers  will  be 

End  extension,  fulcium  14%  in.,  total  length  10  ft. 

1^8  in- 
Middle  extension,  fulcrum  14%  in.,  total  length  20 

ft.  33/4  in. 
The  best  condition  for  the  application  of  the  load 
to  the  main  levers  will  be  \vhen  the  load  knife  edge  is 
directly  under  the  center  line  of  the  rail.  From  cen- 
ter to  center  of  rails  is  4  ft.  11  in.  Allowing  5i/^  in. 
on  each  side  of  the  center  line  of  the  lever,  for  the 
connections  from  the  end  of  the  main  levers  to  the 
main,  or  load,  knife  edge  on  the  extension  levers,  gives 
a  lever  3  ft.  long  with  a  fulcrum  of  12  in.,  the  main 
lever  ratio  being  3. 

BEARINGS  AND  KNIFE  EDGES 

Both  the  knife  edges  and  the  bearings  against  which 
they  rest  should  be  of  high-grade  tool  steel,  annealed, 
hardened  and  ground.  Bearing  surfaces  must  be  gen- 
erous and  construction  and  materials  of  the  best,  other- 
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wise,  the  rough  treatment  administered  to  scales,  such 
as  the  pounding  due  to  the  moving  load  and  the  tend- 
ency for  the  knife  edges  to  corrode  will  lead  to  rapid 
deterioration.  A  load  of  5000  lb.  per  linear  inch  of 
knife  edge  may  safely  be  allowed,  but  this  should  not 
be  exceeded. 

Tlie  knife  edges  are  of  square,  or  flat,  steel  forged 
to  a  taper  of  not  more  than  14  in-  to  one  foot.  If  a 
.smootli  forging  is  made,  very  little,  if  any,  finishing  is 
required.  After  tlioroughly  annealing  and  hardening, 
the  bearing  edge  is  made  true  and  keen  by  grinding 
and  polishing,  care  being  taken  to  have  the  faces  of 
the  bearing  edge  at  an  angle  of  not  less  than  90  deg. 
Tliis  edge  must  be  straight  in  order  to  provide  a  full 
bearing  along  its  length. 

To  insure  a  firm  bearing  in  the  levers,  the  knife  edge 
.seats  are  made  in  two  ways.  By  skillful  founding,  the 
rouglied  forged  knife  edges  are  cast  into  the  lever  in 
their  proper  positions,  and  driven  out  for  finishing, 
after  the  lever  casting  has  cooled.  This  metliod  is  cheap, 
but  it  offers  opportunity  for  misalignment.  The  pref- 
erable method  is  to  broach,  or  slot,  the  seats,  thus  as- 
suring accurate  spacing  and  alignment,  besides  making 
the  knife  edges  interchangeable.  The  knife  edges 
should  have  sufficient  metal  backing  to  keep  tlie  unit 
bearing  stresses  low  and  prevent  bending. 

The  design  of  the  bearings  against  which  the  knife 
edges  rest  will  differ  according  to  the  capacity  of  the 
scale.  For  the  smaller  capacities  a  direct  and  more  or 
less  non-adjustable  bearing  may  be  used ;  but  where  the 
capacity  is  large,  a  suspended,  adjustable  bearing  is 
not  only  desirable,  but  necessary. 

The  bearings  should  be  more  or  less  self-aligning, 
vertical  adjustment  being  provided  by  wedges  over  the 
main  bearing,  -which  have  screw  adjustment.  The 
wedges  are  held  securely  in  position  by  bolts  which  are 
drawn  down  after  adjustment  has  been  made. 

The  present  practice  for  the  bearings  is  to  use  an 
insert  of  steel,  usually  set  in  tlie  mold  before  the  cast- 
ing is  poured,  as  in  the  ease  of  the  knife  edges,  althougli 
interchangeability  and  accuracy  can  be  more  readily 
attained  by  machining  the  recess  for  the  seat.  Harden- 
ing is  readily  accomplished  by  witlidrawing  tlie  steel 
insert  from  the  casting.  A  true  surface  is  obtained  b.y 
grinding  and  polishing  the  steel  while  it  is  in  the  cast- 
ing, care  being  taken  not  to  draw  the  temper  in  the 
operation. 

In  the  track  scale,  the  dimensions  of  which  are  given 
in  tliis  paper,  the  approximate  load  upon  the  main 
knife  edge  of  the  main  lever  is  64,000  lb.,  which  re- 
quires a  length  of  knife  edge  of  approximately  14  in. 
in  order  to  keep  the  load  below-  the  specified  5000  lb. 
per  linear  inch.  The  butt  knife  edge  will  be  10  in.  long, 
while  the  tip  edge  will  be  5  in.  long.  The  end  exten- 
sion lever  will  have  the  following  knife  edge  lengths : 
Ijutt  9  in.,  main  10  in.,  tip  l^iii-  The  middle  extension 
will  be  as  follows:  tip  11 1;  in.,  main  edge  5  in.,  bearing 


edge  9  in.,  and  the  tip  nearest  the  fiftli  lever  2i/2  in. 
Tlie  fiftli  lever  will  be  as  follows :  butt  5  in.,  main  51/2 
in.,  tip  1  in.  The  shelf  lever  knife  edges  need  not  be 
considered,  because  the  theoretical  lengths  will  not  cor- 
respond to  the  finished  article. 

LINKS,  LOOPS,  SHACKLES,  ETC. 

All  links,  loops,  shackles,  and  similar  details  should 
be  designed  stiff  enough  to  prevent  stretching,  with 
consequent  binding,  which  hinders  ease  of  working.  If 
the  knife  edge  loops  are  not  stiff  enough,  the  load  has 
a  tendency  to  straighten  the  arch,  which  throws  the 
load  upon  the  knife  edge  at  a  point  farthest  from  the 
support;  the  load  being  concenti-ated,  produces  exces- 
sive bending  stresses,  either  bending  the  knife  edge  or 
snapping  it  (Figs.  3  and  4).  Wliere  knife  edges  are 
not   reinforced,   this  bending  must  be   considered,   in 


Fig.  3  Fig.  4 

Fig.  3     Knipe  Edge  Loop  under  Ngrm.vl  Conditions 
Fig.  4     Knipe  Edge  Loop  under  Abnormal  Conditions 

spite  of  the  fact  that  the  loop  is  made  stiff  enough  to 
prevent  stretching.  A  formula  which  seems  to  give  sat- 
isfaction, is 

P  =  0.4  Sd\ 
in  which 

P  =  safe  working  load,  in  pounds. 

iS'  =  stress,  per  square  inch. 

d  =  diameter  of  iron,  in  inches. 
It  is  advisable  to  use  a  good  quality  of  wrought  iron  in 
preference  to  steel.    Steel  has  a  tendency  to  break  with- 
out giving  previous  warning,  while  wrought  iron  will 
bend  before  breaking. 

LEVER  SECTIONS 

The  sections  of  the  levers  will  next  be  investigated. 
It  is  necessarj'  to  consider  stiffness  more  than  strengtli. 
Too  often  a  lever  which  is  sufficiently  strong  from  the 
standpoint  of  strength  wiU  deflect  under  load  a  notice- 
able amount,  causing  the  ratio  of  the  lever  arms  to 
change,  giving  inaccurate  readings  on  the  beam. 

The  main  levers  are  to  be  steel  castings,  while  the 
extension  and  fifth  levers  are  to  be  made  of  structural 
shapes.  The  shelf  lever  may  be  either  a  forging  or  a 
casting.  The  beam  is  usually  a  casting,  although  for- 
eign manufacturers  do  not  hesitate  to  make  it  from  a 
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forging.  Since  the  levers  are  to  be  of  steel,  the  allow- 
able stress  under  repeated  application  of  the  load  will 
be  assmned  to  be  "jOOO  lb.  per  square  inch. 

The  maximum  moment  for  the  main  lever  will  be 
about  600,000  lb. -in.,  requiring  a  section  moduhis  of 
120  (in.)^.  An  I  section  12  in.  wide  by  12  in.  deep^ 
having  flanges  and  web  1  in.  thick,  will  give  a  section 
modulus  of  about  llifj.S  (in.)-',  which  is  sufficient  for 
all  practical  pui-poses.  All  knife  edges  are  to  be  rein- 
forced to  prevent  bending  whih?  under  load.  The 
deptli  of  the  lever  will  vaiy,  tapei'ing  from  tlie  point 
of  maximum  l)ending  moment  toward  the  tip  and  butt, 
and  the  width  of  tlie  Hangi-s  will  decrease  toward  cacli 
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Fig.  0    Section  Moduli  fob  Girders  .\nd  Levers 

end.  The  thickness  of  the  flanges  and  web  will  l>i'  uni- 
form tliroughout. 

The  maximum  bending  moment  for  the  end  extension 
lever  will  be  643,500  Ib.-iu.,  which  requires  a  section 
modulus  of  128.7  (in.)^.  A  latticed  section  made  up  of 
cover  plates  8  in.  by  %  in.  and  3-in.  by  3-iu.  by  i/4-in. 
connection  angles,  gives  a  net  section  modulus  of 
134.13  (in.)^,  for  a  section  18  in.  deep,  due  allowance 
having  been  made  for  '^/,|--in.  rivet  holes. 

The  maximum  bending  moment  for  the  fifth  lever 
tension  lever  will  be  1,452, .500  Ib.-in.,  which  requires  a 
section  modulus  of  290.5  (in.)^.  A  section  26  in.  deep, 
composed  of  8-iu.  by  -"^i-in.  cover  plates  and  3-in.  by 
3-in.  by  y^-in.  angles,  will  give  a  section  mothilus  of 
306.11  (in.)''  net,  deduction  for  '■■/j,.-in.  rivet  holes  hav- 
ing been  made. 


The  maximum  bending  movement  for  the  fifth  lever 
will  be  456,000  lb. -in.,  which  will  require  a  section 
modulus  of  91.2  (in.)^.  A  section  15  in.  deep,  com- 
posed of  8-in.  by  %-tn.  cover  plates  and  3-in.  by  3-in. 
by  14-in.  angles,  will  give  a  section  modulus  of  106.64 
(in.)^  net,  deduction  having  been  made  for  '^  i,j-in. 
rivet  holes. 

The  maximum  moment  of  the  shelf  lever  will  be 
28,800  lb. -in.,  which  will  require  a  section  modulus  of 
5.76  (in.)^.  A  section  1  in.  wide  by  6  in.  deep,  will 
give  a  section  modidus,  gross,  of  6  (in.)',  or  about  5.84 
(in.)\  when  deduction  for  the  knife  edge  hole  has  been 
made.  This  lever  has  a  fulcrum  of  12  in.  and  a  length 
of  5  ft.,  its  ratio  being  5. 

In  all  these  computations,  the  dead  load  of  the  weigh 
bridge  has  been  carried,  a  larger  value  than  necessary 
liaving  been  chosen  in  order  to  be  on  the  side  of  safety. 

Range  oii  each  lever  must  be  provided  in  order  to 
compensate  for  unequal  distribution  of  the  metal  about 
the  knife  edge  line  and  any  deflection  that  may  occur. 
This  range  is  accomplished  by  raising  the  main  knife 
edge  above  a  line  through  the  tip  and  butt  kuife  edges 
by  an  amount  equal  to  y^  in.  per  foot  of  fulcrum  (see 
Fig.  7). 

The  main  lever  main  knife  edge  will  be  allowed  a 
range  of  %  in.,  as  will  also  the  extension  levers,  while 
the  fifth  lever  will  have  a  range  of  Vi.;  iu- ;  '^l*''  shelf 
lever  will  be  given  a  range  of  %  in.,  while  the  range  on 
the  beam  is  almost  negligible,  less  than  Vi.;  in-  .vet  it 
must  be  considered. 


.Section 
Cast  steel  I 
2-8  in.  by  H  in.  pi,  4-3  in.  1).\'  3  in.  by 

1 2  in.  Ls — IS  in.  deep 
4-S  in.  by  M  in.  pi.  4-3  in.  by  3  in.  by 

'2  in.  La — 26  in.  deep 
2-8  in.  by  %  in.  pi,  4-3  in.  by  3  in.  by 

.'  2  in.  Ls — 15  in.  deep 
6  in.  by  1  in.  steel  or  W.  I. 
3  in.  by  ?i  in.  steel  or  W.  I. 

GIRDERS 

The  middle  span  of  tlie  weigh  bridge  will  be  sub- 
.jected  to  a  live  load  of  100,000  lb.  passing  over  it :  the 
end  spans,  particularly  the  one  at  entrance,  will  be 
subjected  to  impact,  due  to  the  moving  load  dropping 
from  the  dead  rails  to  the  live  rails  on  the  weigh  bridge, 
or  the  wheel  striking  the  end  of  the  rail,  due  to  a  differ- 
ence in  level,  or  a  gap,  between  rail  ends.  While  a 
condition  of  unequal  levels  is  not  desirable,  yet.  wear, 
settlement,  along  with  frequent  repaii's,  cause  inequali- 
ties in  alignment. 

As  noted  before,  there  will  be  an  objectionable 
l)ouuding  upon  the  knife  edges  if  a  continuous  girder 
is  used,  due  to  the  deflection  of  the  weigh  bridge  upon 
ajiplication  of  the  load,  so  the  bridge  will  be  subdivided 
into  three  parts,  tlie  joints  coming  over  the  main  bear- 
ing stands  of  tlie  main  levers :  each  girder  will  be  made 
stiff  enougli  to  resist  deflection  due  to  the  applied  load. 

The  greatest  bending  comes  upon  the  middle  span; 
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for  unifoi-mity  and  qiiickuess  in  assembling,  the  girder 
sections  for  end  spans  will  be  the  same  as  for  the  mid- 
dle span. 

The  girders  shoidd  be  designed  for  stiffness,  so  a 
permissible  deflection  of  V32  ^^-  ^^''11  '^i?  assumed.  The 
deflection  formula  for  a  beam  supported  at  the  ends 
and  loaded  at  the  middle  is 

I'L- 


48 
I 


EI 

=  0.02083 


E  z 


Using  a  modulus  of  elasticity  of  25,000,000  lb.  per 

sq.  ill.  and  limiting  the  deflection  to  Vj-  iii-i  '^'^'t'  ha'\'<' 

;_  00-083  X  50.000  X  (283)- 
i   _   U.0.U83   X    25,000,000  X  rfV 

=   10,080   (in.)^ 

It  will  be  interesting  to  compare  this  result  witli 
what  Mould  have  been  obtained  if  the  fundamental  for- 
mula for  bending  had  been  used,  with  the  stress  due  to 
suddenly  applied  loads. 

From  tests  on  the  fatigue  of  steel  under  repeated 
loading,  by  Wohler  and  Spangenburg.  and  the  later 
tests  by  Bauschinger  and  at  the  Watertown  Arsenal, 
the  following  formula  may  be  used  in  finding  the 
proper  safety  factor  to  be  used  for  variable  loading  of 
an  indefinite  number  of  repetitions : 


F., 


(-?:)^^ 


in  which 

/\  =  safety  factor  luider  static  loading. 
Fr,  =  corresponding  safety  factor  under  a  loading 
that  varies,  repeatedly,  between  the  limits 
Pi  and  P„. 
Pj  =  greatest  pressure  due  to  the  variable  load,  to 
be  taken  as  plus   (  +  )   if  causing  tension 
and  minus  ( — )  if  causing  compression,  in 
the  most  strained  fiber  of  the  member. 
P„  =  least  pressure  due  to  the  variable  load,  to  be 
taken  as  plus  (-|-)  if  causing  tension  and 
minus  ( — )  if  causing  compression,  in  the 
most  strained  fiber  of  the  member. 
This  fonnula  is  applicable  to  the  case  of  steadily  ap- 
plied loads  as  well  as  to  the  eases  in  which  the  load 
varies  from  0  to  I\,  and  P„  to  P. 

Since,  for  any  given  material,  the  working  fiber 
stresses  for  the  different  conditions  of  variable  loading 
are  inversely  proportional  to  the  corresponding  safety 
factors,  it  is  apparent  that  the  formula  may  be  put  in 
the  following  fonii : 


/. 


2— 


in  which  f^  ^  working  fiber  stress,  iinder  static  loading, 
in  pounds  per  square  inch. 
f„  =  corresponding  working  fiber  stress  under  a 
load   tliat   varies    repeatedly   between   the 


limits  Pi   and  P.,   in   pounds  per  square 
inch. 
Pj  and  P.  have  the  same  signification  as  noted  be- 
fore. 

P'or  the  ease  where  the  load  varies  from  0  to  P^,  the 

formula  becomes 

P,  =  ^2— ^^Pi=  (2-0)  Pi  =  2  Pi 

h     _  /i 


or 


/.  =^ 


0^ 

P. 


which   indicates,   for  a   suddenly   applied   load,   indffi- 
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Fig.  ()     Section  Moduli  for  Le^-ers 

nitely  repeated,  that  the  safety  factor  should  be  twice 
that  for  static  loads,  under  otherwise  similar  condi- 
tions. 

The   maxiiiiuiu  bending   moment   for  the  end  spans 
will  be 

50,000   X   214.5  ^  ^,^.^ 

4 
The  maximum  bending  moment  for  the  middle  span 
will  be 

■^Q-QQQX^«3^  3,537,500  Ib.-in 
4 

The  customary  stress  for  bridges,  subjected  to  live 
loads,  is  about  12,000  lb.  per  sq.  in.  The  formula  de- 
veloped indicates  that  half  this  stress  should  be  al- 
lowed ;  so,  using  a  stress  of  6000  lb.  per  sq.  in.,  we  have 
a  section  modulus  of 
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s 


3,537,500 


:589.6   (in.)' 


c  ,6'  6000 

against  a  section  modulus  of  630  (in)^  (considering  a 
section  32  in.  deep)  derived  bj-  the  flexure  formula. 
Only  too  often,  girders  are  designed  without  due  re- 
fiard  to  stiffness,  or  the  effect  of  loads  suddenly  ap- 
plied, with  very  apparent  deflection  wlien  loaded. 

I'sing  a  section  32  in.  deep,  composed  of  two  20-in. 
by  %-in.  cover  jjhites,  two  30-in.  by  %-in.  web  plates 
and  four  4-in.  by  4-in.  by  %-in.  angles,  and  deducting 
for  "/j„-in.  rivet  holes,  we  have  a  net  moment  of  in- 
ertia of  11,721.56  (in.)*,  which  gives  a  section  modulus 
of  732.6  (in.)^,  well  within  what  is  required. 

To  prevent  buckling  of  the  web,  reinforcing  angles 
are  spaced  at  intervals  along  the  girder.  Over  the  sup- 
ports, sufficient  angles  must  be  used  to  carry  the  load, 
considering  the  angles  as  a  column.  (Jordon's  foniiula 
for  columns  with  square  bearings  is : 


50,000 


1+ 


36,000 


m 


lOttrL  £.D»f.  UIMC 


MANqCE  ^  PCR  FOOT  i-CnQTM  Qr  ruucRun. 

Fig.  7     R.\nge  in  Levers 

in  which 

P  =  load  to  be  supported,  in  pounds. 
a  =  sectional  area  of  column,  in  square  inches. 
/  =  safety  factor. 

L  =  unsupported  length  of  column,  in  feet. 
r  =  least  radius  of  gyration,  in  inclies. 

The  load  to  be  supported  is  50,000  lb.  plus  about 
20,000  lb.  for  the  weigh  bridge.  Using  two  angles  in 
eacli  column,  each  angle  can  be  assumed  to  carry  a  half 
of  the  imposed  load,  or  35,000  lb.  The  foiiuula  then 
reduces  to 

50,000 


35,000 


a 


1 /29Vo\ 

36,000  \    r     ) 


2S0,000  =  a 


50.000 


+  0 


30       1 
lOSI 


28r-  -f  O.G77  =  Mir' 


Hut 


/  =  ar- 

I  =  5.6r=  -f  0.135 
Using  a  4-in.  by  4-in.  by  %-in.  angle  witli  a  moment 
of  inertia  of  6.66  (in.)-*  the  resulting  radius  of  gyration 
is  1.067  (in.),  Avhile  that  from  the  table  is  1.20  (in.). 
Tlip  area  deducted  for  i-ivet  hoh's  will  be  more  than 
made  up  by  the  4-in.  Iiy  •'s-iii.  fillers  wliieh  are  neces- 


sary. Judicious  spacing  of  4-in.  by  4-in.  by  'ja-in. 
angles  will  go  a  long  ^\■ay  toward  stiffening  the  web  and 
preventing  it  from  buckling. 

To  prevent  the  girders  from  becoming  displaced,  and 
to  hold  them  in  proper  alignment,  each  end  of  the 
middle  section  should  be  extended  in  such  a  way  that 
the  extension  will  telescope  into  tlu'  end  of  the  end 
girders ;  and  a  tie  plate  should  be  riveted  to  tlie  bottom 
plates  of  the  girders,  at  the  joint,  in  order  to  make  a 
rigid  connection  horizontally  and  yet  allow  each  girder 
to  deflect,  independently,  vertically.  In  this  way,  free- 
dom of  movement  for  deflection  is  obtained,  and  the 
objectional)le  bending  over  the  supports,  which  occurs 
in  continuous  beams,  is  eliminated.  Witli  each  span 
deflecting  with  freedom,  there  will  be  no  lifting  from, 
or  dropping  upon,  the  knife  edges,  as  the  load  passes 
from  one  span  to  the  otlier. 

THE    BE.\M 

The  beam  is  to  be  of  tlie  full  capacity  type,  the  main 
bar  being  graduated  in  thousands  of  pounds,  and  the 
fractional' bar  in  hundreds  of  pounds,  to  a  thousand,  by 
tens.  Assuming  an  index  of  graduation  of  5  to  the 
inch  for  the  main  bar,  a  run  of  5  ft.  will  include  a 
capacity  of  300,000  lb.,  whUe  an  index  of  10  to  the 
inch  for  the  fractional  bar  will  give  a  run  of  10  in. 

With  a  fulcrum  distance  of  5  in.  on  the  beam,  the 
main  poise  will  weigh 

C  F       300,000  X  5 


^  ~ R3I~    60  X  1000 
and  the  fractional  poise  will  weigh 
1000  X  5 


=  25  lb. 


W  =- 


1/2  lb.  01'  8  oz. 


10  X  1000 
weight  of  poise  in  pounds  or  kilograms 


where 

TV  = 

C  =  capacitj'  of  scale  in  pounds  or  kilograms 

F  ^=  fulcrum  distance  of  beam,  inches  or  centi- 
meters 

R  =  run  of  poise,  inches  or  centimeters 

M  =^  ratio  at  butt  of  beam 
If  the  beam  is  cocked,  that  is,  flies  all  the  way  up  or 
all  the  way  down,  and  indicates  a  true  balance  only 
when  the  load  indicated  on  the  beam  is  exactly  that  on 
the  platform  there  may  be  two  faults :  either  too  much 
weight  above  the  knife  edge  line,  or  too  much  range. 

Obviously,  if  there  is  too  mucli  metal  above  the  knife 
edge  line,  the  remedy  lies  in  placing  sufficient  below  to 
counteract  its  influence.  In  order  to  correct  such 
ti-oubles  ]-eadily  and  avoid  the  useless  addition  of  metal, 
it  is  usual  to  arrange  tlie  balance  ball  so  that  it  can  be 
placed  in  a  position  to  correct  this  fault.  The  diffi- 
culty, due  to  too  much  range,  is  eliminated  by  reduc- 
ing the  range  until  it  has  disappeared.  Slowness  of 
action  is  very  often  caused  by  dull  knife  edges,  unnec- 
essary friction,  too  much  metal  below  the  knife  edge 
line,  or  no  range;  eliminate  the  cause  and  the  effect 
jH'oduced  will  disappear. 
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Siuee  the  beam  has  a  fulcrum  distance  of  5  in.,  the 
total  pull  on  the  butt  of  the  beam  will  amount  to  600 
lb.,  which  gives  a  maximum  moment  of  3000  lb. -in.,  re- 
quiring a  section  modulus  of  0.6  (in.)'*,  which  is  satis- 
fied by  a  section  %  ™-  wide  by  3  in.  deep,  deduction 
having  been  made  for  the  knife  edge  hole.  The  trig 
loop  is  placed  at  the  tip  of  the  beam  and  the  precaution 
to  have  the  trigger  down  whenever  a  load  is  entering 
upon  tlie  live  rails  will  save  the  beam  many  hard  jolts 
and  prolong  its  accuracy. 

More  details  of  tlie  beam  will  be  useful.  For  rapid- 
ity of  weighing  the  fractional  poise  will  be  mounted 
upon  the  main  poise  so  that  the  latter  will  include  the 
weight  of  the  fractional  poise,  its  beam,  and  any  other 
details  that  may  be  necessaiy. 

The  main  beam  will  be  notched  for  eacli  thousand 
pounds,  and  each  notch  accurately  sealed,  indexed  and 
marked.  The  index  and  marking  should  be  cut  quite 
deep,  because  the  service  which  most  scales  undergo  is 
not  of  the  best  and  seldom  is  niucli  attention  given  to 
polishing  and  cleaning  the  beam  or  otherwise  keeping 
it  in  order.  The  fractional  beam  will  not  be  notelied, 
due  to  inconvenience  wliere  quick  weighing  is  desired. 

The  knife  edges  should  be  of  square  steel,  the  bear- 
ing edge  being  ground  and  polished  to  a  true  edge, 
which  must  be  hard  and  sharp,  clean  at  all  times,  to 
assure  accurate  and  sensitive  weighing. 

Projections  upon  the  beam,  or  poises,  are  not  desir- 
able. Dirt  rapidly  accumulates  and  destroys  the  ac- 
curacy of  the  scale.  Likewise,  openings  of  any  kind 
offer  opportunity  for  dirt  to  accumulate  or  weight  to 
be  surreptitiously  extracted  from  the  poise.  In  other 
words,  anything  that  can  be  conscientiously  done  to 
promote  accuracy  in  weighing  must  be  done ;  it  is  j^ref- 
erable  to  leave  no  detail  incomplete. 

The  beam  stand  must  be  built  solid  enough  to  with- 
stand the  shock  of  the  suddenl.y-applied  load.  From 
the  point  of  safety  it  is  desirable  to  keep  the  beam  as 
far  as  possible  from  the  track,  but  too  great  a  distance 
means  a  long  lever,  which  is  objectionable,  due  to  the 
increased  depth  necessary  to  get  the  requisite  strengtli 
and  the  consequent  increase  in  weight.  Cars  average 
close  to  10  ft.  in  width  at  the  eaves ;  whether  this  width 
may  be  exceeded  or  not  is  due  to  clearance  limitations 
on  certain  roads ;  at  any  rate,  future  expansion  must 
be  provided  for.  Allowing  five  feet  between  the  side 
of  the  car  and  the  building  and  about  four  feet  from 
the  outside  of  the  wall  to  the  reach  rod  from  the  tip 
of  the  fifth  lever  to  the  shelf  lever,  we  have  a  fifth  lever 
of  14  ft.  3  in.  long,  a  ratio  of  8  giving  a  fulcrum  dis- 
tance of  19  in.  and  a  long  arm  of  12  ft.  8  in.,  tliis  lever 
being  of  the  first  class. 

PLATFORM,  BRIDGE  AND  RAILS 

A  platform  of  such  gi'eat  size  and  weight  as  required 
for  this  scale  should  have  ample  clearance  and  be  en- 
tirely free  of  any  movement  of  the  weigh  bridge  to  pre- 
vent binding  at  any  point  due  to  the  accumulation  of 


dust  and  dirt.  To  provide  pi'oper  clearance  the  pit 
will  be  made  10  ft.  wide.  To  support  the  platform 
I-beams  spaced  at  proper  intervals  will  be  used.  The 
gi-eatest  load  that  can  come  upon  one  I-beam  will  be 
the  load  upon  one  axle  and  the  maximum  moment  will 
be  when  the  wheels  just  straddle  the  center  line  of  the 
scale ;  this  moment  will  be  about  825,000  Ib.-in.,  a  lo-in.- 
42-lb.  I-beam  being  sufficient. 

To  make  the  platfonn  durable  concrete  should  be 
used.  With  this  construction  repairs  are  infrequent 
and  not  very  costly;  a  tight  cover  for  the  pit  is  as- 
sured. 

The  bridge,  through  its  bearings,  rests  freely  upon 
the  main  lever  knife  edges,  there  being  no  rigid  con- 
nection between  them.  To  prevent  the  bridge  from 
sliding,  a  system  of  lateral  and  longitudinal  checks  is 
pi'ovided.  These  checks  should  be  made  as  long  as  pos- 
sible in  order  to  prevent  binding  when  the  bridge  de- 
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fleets,  while  under  load ;  the  theory  is,  the  longer  the 
check,  the  more  nearly  the  short  path  described  ap- 
proaches a  straight  line. 

The  load  applied  to  the  checks  is  caused  in  several 
ways,  any  one  of  which  may  occur.  The  end  of  the  live 
rail  may  be  some  inches  from  the  solidly  laid  dead  rail, 
so  that  a  blow  is  administered  to  the  end  of  the  live 
rail  as  the  wheels  enter  upon  it.  Another  condition  is 
due  to  adhesion,  or  friction,  between  the  wheels  and 
rails  when  the  brakes  are  applied.  Still  another  condi- 
tion, similar  to  the  first,  is  a  difference  in  the  level  of 
the  live  and  dead  rails,  the  worst  blow  coming  when  the 
live  rail  is  above  the  dead  rail.  Probably  the  worst 
situation  is  when  the  first  two,  or  last  two,  occur  at  the 
same  time.  This  will  come  about  when  three  pairs  of 
wheels  are  on  the  live  rails,  the  fourth  pair  just  enter- 
ing, all  brakes  set  and  the  last  pair  striking  the  ends  of 
tlie  live  rails.  The  conditions  brought  about  by  rail 
inequalities  are  indicated  in  Fig.  8. 

The  pressure,  due  to  the  friction  between  the  wheels 
and  rails,  when  the  car  is  suddenly  stopped,  depends 
upon  the  speed  of  the  car.  Assuming  a  speed  of  5  miles 
per  hour,  the  thrust  will  be 
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y    T 
The  coefficient  of  adlicsion  tor  diy  sanded  rails  is  0.25, 
so 

J,  ^  50,000  X  0.25       5X5280^ 
32  ^    60  X  60 

This  value  is  for  one  pair  of  wheels;  for  three  pairs, 
the  result  will  be  8595  lb.,  which  is  the  thrust  deliv- 
ered to  two  longitudinal  checks,  or  a  thrust  of  4297  lb. 
to  each  one. 

Assuming  a  gap  of  4  in.  between  rail  ends,  and  a 
:U)-in.  wheel,  the  force  of  the  blow  will  be 
p       2  X  50,000       ...^.. 
^=      17.88      --"^"O"^- 
delivered  to  the  two  longitudinal  cliccks,  or  a  thrust  of 
2790  lb.  to  each  clieck.    If  there  is  a  difference  in  level 
of  1  in.,  the  blow  would  be  very  much  aggravated,  as  is 
indicated  below. 

P=-»-QQQ?<^-^^  =17.400  11.. 
1(  m. 

delivered   to  botli   longitudinal  cliecks.  or  S700  lb.  to 

each  check. 

The  total  highest  thrust  will  be  due  to  tlie  sudden 
stopping  of  the  ear  on  the  live  rails  and  the  wheel 
sti'iking  the  end  of  the  rail  when  the  live  rail  is  higher 
than  the  dead  rail,  which  amounts  to  13.000  lb. '  Using 
a  sti-ess  of  7500  lb.  per  sq.  in.,  a  round  bar  li/G-in.  diam- 
eter will  be  sufficient.  In  order  to  provide  adjustment, 
the  check  will  be  provided  with  a  turnbuckle ;  accord- 
ingly, the  end  of  the  bar  will  be  upset  for  a  1-^4-in. 
thread. 

The  lateral  checks  serve  to  prevent  side  motion,  so 
for  tlie  sake  of  uniformity,  they  will  be  made  of  the 
same  stock  as  the  longitudinal  cheeks.  In  order  to 
prevent  binding,  the  cheeks  should  fit  the  check  pins 
with  freedom,  and  sufficient  slack  provided  to  allow, 
say,  Vic'J'i-  movement — just  enough  to  jillow  the  cheeks 
to  be  free  when  there  is  no  load  upon  the  scale. 

The  rails  are  carried  upon  stands  whieli  are  fastened 
to  the  bridge  girders.  These  stands  must  be  rigidly 
fastened  to  the  girder  and  able  to  withstand  much 
abuse,  due  to  derailments.  To  hold  the  rail  firmly, 
suitable  clamps  must  be  used,  which  have  not  tlie  bad 
habit  of  working  loose  in  service. 

A  dead  rail  has  not  been  considered,  it  being  pref- 
erable to  ])rovide  a  relief  mechanism,  or  pass  cars  and 
locomotive  around  the  scale  on  another  track.  Dead 
rails  offer  too  much  temptation  to  an  engineer  to  \ise 
the  live  rails  for  shifting,  etc.,  as  is  very  often  done. 

The  high  axle  loads  of  the  locomotives  now  in  use 
are  often  beyond  the  capacity  of  the  scale  and  such  ex- 
cessive loads  must  not  be  allowed  to  pass  over  the  weigh 
bi-idge. 

While  the  scale  is  designed  to  witlistand  considerable 
misuse  and  much  neglect,  yet  this  provision  does  not 
iu(>an    that   the   abuse   mav   be   continued   with    entire 


safety.  The  metal  will  fatigue,  eventually,  and  pos- 
sible costly  repairs  result.  When  the  design  of  a  track 
scale  is  considered,  it  must  be  borne  in  mind  that  stiff- 
ness in  construction,  coupled  with  lightness  of  moving 
parts  and  absence  of  friction,  is  to  be  desired. 

Upon  the  sealer  depends  the  accuracy  and  depend- 
ability of  the  weiglits  indicated.  Inspection  should  be 
frequent  and  thorough  in  order  to  detect  and  rejjair  any 
damage  that  may  have  occurred  through  age  or  abu.se. 
It  is  always  preferable  to  have  .sufficient  foresight  to 
j.repare  for  an  emei-gency  and,  if  possible,  prevent  a 
breakdown  whicli  may  cause  serious  trouble. 

Too  much  stress  eainiot  be  laid  upon  the  honest  and 
conscientious  performance  of  the  responsibility  laid 
\ipon  the  weigli  niastei'.  The  public  no  longer  tolerates 
tampering  with  weights;  they  have  demanded  honesty 
and  .show  their  eaniestness  of  purpose  by  the  many 
legal  enactments  and  the  frequent  prosecution  of  of- 
fenders. 

NECROLOGY 

:\IAX  JULIUS  ULRICH 

Max  Julius  Ulricli,  designer  in  the  oil  engine  department 
(if  the  De  La  Vergne  Machine  f'ompany.  died  July  27,  1914. 
after  a  three  days'  iUness. 

Mr.  Uh-ieli  was  born  at  Halle,  Germany,  February  8,  1856. 
He  was  educated  at  the  Royal  Technical  Institute  at  Halle 
and  graduated  from  the  Polytechnic  Institute  at  Karlsruhe. 
He  served  an  apprenticeship  to  Emil  Stahrer  at  Leipzig 
from  1870  to  1S73,  and  from  1873  to  1874  was  spent  in  the 
<lrawing  room  of  W.  Uhiand  at  Leipzig.  He  later  spent  a 
>ear  in  shop  experience  with  Sachsenberg  Brothers,  Eosslau. 
in  building  mining  machinery,  and  from  1879  to  1881  was 
designer  for  Messrs.  Haddick  &  Roethe,  pump-builders  at 
AVeissenfels,  Germany. 

After  this,  he  came  to  the  United  States,  and  in  1882  be- 
came s\q)enntendent  and  mechanical  engineer  of  the  Ulricli 
Engine  Company  of  Florence,  Massachusetts,  where  he  re- 
mained until  1894.  During  this  time  he  invented  a  cut-off 
motion  tor  duplex  .steam  pumps  which  was  patented  in  the 
United  States,  England  and  Germany.  From  1892  to  1894, 
lie  served  also  as  designer  for  the  Deane  Steam  Pump  Com- 
jiany.  at  Holyoke.  Massachusetts.  In  1894.  he  became  chief 
ilraftsman  of  the  Deane  Company  and  held  this  position, 
with  the  exception  of  three  years'  absence,  until  1901.  Dur- 
ing the  period  from  1900  to  1902,  he  also  wrote  two  courses 
lor  the  International  Correspondence  Schools  in  hydraulics 
and  immping  machinery  design. 

In  1902  he  came  to  New  York  as  chief  draftsman  for  the 
Alberger  Condenser  Company,  wliicli  position  he  retained 
until  1912.  His  first  undertaking  here  was  the  designing 
of  the  condensers  installed  in  the  59th  Street  power  station 
of  the  New  York  Subway,  by  the  Alberger  Company. 

On  December  15.  1912,  he  became  designer  in  the  oil 
engine  department  of  the  De  La  Vergne  Machine  Company, 
and  held  this  position  at  the  time  of  his  death. 

Mr.  Ulrich  was  a  member  of  the  Verein  deutscher  In- 
aeniciu'e  amX  was  a   prominent  Mason. 
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ENGINEERING   SURVEY 

In  the  first  section,  on  Aeronautics,  will  be  found  data  of 
tests  concerning  the  action  of  wind  on  a  plane  of  an  aero- 
plane under  dynamic  conditions,  that  is,  produced  by  a  blast 
of  which  the  direction  and  intensity  vary  rapidly.  In  the 
next  section,  on  Fuels  and  Firing,  are  reported  data  on  a 
German  smokeless  boiler  furnace,  and  on  peat  testing.  It 
appears,  among  other  things,  from  this  article  that  serious 
attention  is  being  paid  to  the  development,  on  a  strictly 
scientific  basis,  of  the  peat  industry  in  Europe  and  that 
promising  progress  in  this  direction  has  been  already  made. 
The  section  on  Gas  Engineering  is  closely  connected,  in  some 
of  its  features,  with  that  on  Fuels.  Rumrael,  in  the  Journal 
of  the  German  Society  of  Engineers,  discusses  the  use  of 
gas  in  metallurgical  plants  where  it  is  obtained  as  a  by- 
product of  the  operation  of  blast  furnaces  and  coke-ovens, 
and,  after  a  thorough  consideration  of  all  conditions,  comes 
to  the  conclusion  that  the  least  economical  method  of  con- 
suming the  gas  is  by  burning  it  under  boilers,  notwithstand- 
ing the  fact  that,  as  the  author  states,  there  are  many  cases 
in  these  plants  where  steam  drive  is  still  the  best. 

A  number  of  interesting  papers  are  abstracted  from  the 
report  of  the  last  meeting  of  the  French  Gas  Technical  Soci- 
ety, such  as  on  storage  of  coal  under  water;  on  a  new  con- 
struction of  a  centrifugal  tar  separator;  on  an  apparently 
anomalous  phenomenon  in  the  purification  of  gas  by  iron 
oxide;  on  eomburimeters ;  corrosion  of  east  iron  piping; 
safety  valves  for  gas  meters,  and  improved  formula  for  the 
calculation  of  gas  conduits. 

From  a  description  of  a  hydro-electric  installation  in 
French  Northern  Africa  are  taken  data  on  the  Minetti  speed 
governor  used  in  connection  with  large  Francis  water  wheels. 
In  the  next  section.  Internal  Combustion  Engineering,  are 
described  a  number  of  cooling  devices  used  on  internal  com- 
bustion engines  of  various  makes,  as  well  as  a  novel  construe 
tion  of  steel  cylinders.  The  latter  presents  a  good  deal  of 
interest  to  the  American  makers  of  automobile  and,  perhaps 
still  more,  of  aeroplane  engines,  as  a  steel  cylinder,  while  as 
reliable  as  a  east  iron  one,  is  at  least  half  the  weight  of  the 
latter. 

In  a  former  issue  was  described  a  chain  pump  of  novel 
construction  invented  by  a  Frencli  engineer,  Bessonet-Favre. 
It  appears  that  it  has  been  since  introduced  commercially, 
and  in  the  present  issue  we  are  able  to  present  some  data  on 
output  and  power  consumption  of  these  pumps.  We  are 
also  able  to  present  in  this  issue  data  of  tests  of  a  Wefer 
gas  fired  furnace  which  has  been  described  in  detail  in  a 
former  issue ;  the  plant,  with  this  type  of  furnace,  has  shown 
a  total  eflSeiency  of  84.6  per  cent. 

A  brief  abstract  of  the  article  of  Professor  Merigeault  on 
the  theory  of  the  Tesla  turbine  gives  data  on  possible  im- 
provements in  this  type  of  apparatus,  while  the  next  article 
presents  information  on  the  actual  conditions  of  operation 
of  the  apparatus  which  has  become  lately  known  under  the 
name  of  ejectair  (first  described  in  the  English  language  in 
an  abstract  in  the  Foreign  Review).     In  the  section  on  Mis- 
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cellanea  will  be  found  data  on  tests  of  a  mixture  of  mineral 
oil  and  oildag,  showing  that  the  presence  of  the  latter  mate- 
rial insures  a  saving  in  lubricant. 

New  specifications  published  by  the  Association  of  Amer- 
ican Steel  Manufacturers  are  given  covering  structural  and 
boiler  steel,  eonci-ete  reinforcement  bars  rolled  from  billets, 
and  rail  steel  concrete  reinforcement  bars.  From  a  paper 
before  the  Engineering  Association  of  the  South  is  taken  an 
abstract  concerning  the  Nashville  Smoke  Ordinance,  one  of 
the  features  of  which  is  that  it  permits  a  rather  large 
amount  of  smoking.  Interesting  data  on  the  relative  thermal 
eflicieneies  of  steam  and  producer  gas  plants  will  be  found 
in  the  abstract  of  R.  H.  Femald's  paper  before  the  Franklin 
Institute  on  Producer  Gas  from  Low  Grade  Fuels,  while  a 
new  development  in  surface  combustion  boilers,  and  data  of 
tests  of  this  type  of  steam  generators  are  described  in  a 
paper  on  the  Bonecourt  Boiler  published  by  the  Institution 
of  Electrical  Enginers  (London). 

W.  A.  Converse,  in  a  paper  before  the  Railway  Club  of 
Pittsburg,  considers  some  ill  effects  of  boiler  feed  waters 
from  the  point  of  view  of  the  analytical  chemist,  and  throws 
a  good  deal  of  light  on  some  phenomena  which  cannot  be 
said  to  be  generally  weU  understood,  such  as,  e.g.,  the  rela- 
tion between  presence  of  scale  and  corrosion. 

Other  abstracts  refer  to  the  flow  of  metals  under  large 
constant  stresses. 
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Action  of  a  Rapidly  Varying  Wind  on  a  Wing  op  an 
Aeroplane  {Effet  exerce  sur  une  aile  par  un  vent  rapide- 
■inent  variable,  Professor  A.  Lafay,  La  Technique  moderne, 
vol.  8,  no.  9,  p.  329,  May  1,  1914,  3pp.,  4  figs.  eA).  Tests 
made  on  models  of  aeroplane  wings  or  on  actual  support- 
ing planes  are  as  a  rule  exclusively  static  and  the  blast  of 
air  produced  by  the  blower  and  used  for  the  test  is  main- 
tained in  a  permanent  state  during  the  duration  of  each 
test.  In  tliis  case,  an  attempt  was  made  to  study  the  same 
cases  under  dynamic  conditions,  that  is,  to  investigate  the 
\ariable  stresses  produced  by  a  blast,  the  direction  and  in- 
tensity of  which  vary  rapidly.  For  this  purpose,  a  special 
aerodynamometer  has  been  constructed  in  which  very  feeble 
elastic  deformations  are  used  to  balance  the  force  applied. 
The  latter  can  be  evaluated  by  means  of  optical  amplifica- 
tion. AVith  this  apparatus,  it  has  been  found  that  when 
the  wind  jumps  at  an  amplitude  of  twenty  degrees  in  less 
than  a  0.1  second,  the  stress  exerted  at  any  instance  differs 
not  more  than  by  one  tenth  from  that  which  corresponds  to 
a  permanent  state  of  operation,  with  the  same  intensity  and 
direction  of  blast  as  prevails  at  that  instant.  If  one  con- 
siders the  relative  motion  of  the  flying  element  with  respect 
to  the  air,  it  follows  from  this  that  one  may  deduce  from 
suitably  arranged  static  tests,  the  data  necessary  for  the 
calculation  of  the  stresses  produced  in  the  apparatus  under 
given  stresses  such  for  example  as  those  which  arise  when 
an  air-ship  straightens  rapidly  after  a  jump  or  during  its 
entrance  into  an  ascending  or  descending  current  of  air. 
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Fuels  and  Firing 

Smoiceless  BoiLEK  Furnace  {Ehie  rauchlose  Kessel- 
feuerunj,  v.  Pasiiiski.  liauch  unci  Stauh,  vol.  4,  uo.  9,  p. 
137,  June  1914.  3  pp.,  2  figs.  de).  The  article  describes 
what  is  claimed  to  be  an  absolutely  smokeless  boiler  furnace 
which  in  addition  is  very  economical  with  respect  to  fuel 
consumption  under  various  conditions  including  overloads. 
This  is  the  Gartner  furnace,  shown  in  Fig.  lA.  It  has  neither 
special  stoking  apparatus  nor  complicated  mechanism  for 
regulating  the  firing.  The  system  represents  a  type  of  ex- 
tended furnace  with  a  troug-h  grate,  the  coal  falling  through 
an  inclined  shaft  from  laterally  located  bunkers  onto  the 
grate  trough.  It  undergoes,  at  the  edge  of  the  trough,  a 
preliminary  gasification,  and  is  then  perfectly  gasified  by 
sliding  down  towards  the  middle  of  the  grate.  Over  the 
grate  at  a  sufficient  hoiglit  and  directed  towards  the  boiler, 
is  placed  an  ardi  structure;  as  a  result  there  is  a  large  fire 
chamber  which  permits  not  only  the  free  development  of  the 
flame  of  coal  rich  in  volatile  matter  but  also  facilitates  com- 
bustion through  the  heat  radiated  from  the  arch.     However 


coal  as  compared  with  the  former  horizontal  grate  installa- 
tion amounted  to  as  high  as  29  per  cent. 

Contributions  Towards  the  Construction  of  Scien- 
tific AXD  Technical  Foundations  of  the  Peat  Fuel  In- 
dustry (Beitrdge  zum  Aufbau  der  wissenschaftlich-tech- 
nischen  Grundlagen  fur  die  Brenntorfindiistrie,  Professor 
C.  Blacher  and  W.  Duglas.  Feuerwiigstechnik,  vol.  2,  no. 
19,  p.  321,  July  1,  1914,  article  not  finished,  et).  The 
authors  present  the  first  report  of  the  laboratory  of  chem- 
ical technology  of  the  Technical  High  School  in  Riga 
(Russia)  on  the  subject  of  the  establishment  of  scientific 
and  technical  foundations  for  the  peat  fuel  industry.  This 
is  a  subject  of  considerable  importance  in  view  of  the  lack 
of  data  for  the  determination  of  the  peat  value  of  bogs. 
Hitherto,  some  of  the  best  classificators,  such  as  Walgrens, 
limited  themselves  to  such  expressions  as  "  very  good," 
"  bad,"  "  very  pure,"  "  very  impure,"  etc.,  without,  how- 
ever, giving  a  precise  basis  for  the  determination  of  the 
fuel  value  of  the  material  and  it  is  just  with  respect  to 
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Fig.  1     Gaktner  Smokeless  Boiler  Furnace 


favorable  these  conditions  may  be  for  good  consumption, 
there  must  be  also  a  liberal  admission  of  preheated  air  of 
combustion,  and  this  is  effected  by  making  the  air  enter 
the  wide  jjassages  (Fig.  B)  over  the  arch  of  the  fli-e  cham- 
ber where  the  air  is  prelieated  and  reaches  the  vertical  pas- 
sages of  the  front  (under  the  grate)  while  it  is  ciuite  hot. 
In  order  to  make  this  firing  as  adaptaljle  as  possible  to 
various  conditions  of  operation,  a  sidestrip  of  the  grate  is 
provided  uitli  a  separate  air  admission  which  may  be  shut 
off  by  a  valve  s--hown  in  Fig.  A,  and  in  this  way  it  is  pos- 
sible to  vary  the  active  grate  area  of  1.8  qm  (19.3  sq.  ft.) 
without  interfering  with  the  process  of  combustion,  by 
about  twice  0.5  qm  or  5.3  sq.  ft.  This  side  section  of  the 
grate  having  its  separate  air  admission,  can  be  operated 
also  on  compressed  air  which  gives  a  further  possibility  of 
overloading  the  furnace  and  makes  it  particularly  adapt- 
able for  meeting  practical  requirements.  When  it  is  de- 
sirable to  burn  coals  very  ricli  in  volatile  matter,  the  S'ide 
arches  are  provided  with  double  air  admission,  which  may 
be  also  cut  off  by  means  of  a  \alve.  Several  tests  have 
been  carried  out  and  it  was  found  that  as  a  rule  the  furnace 
operated  absolutely  without  any  smoke  except  when  it  was 
being  cleaned.     The  author  claims  also  that  the  saving  in 


the  determination  of  the  ability  to  form  peat  that  an  exact 
method  of  classification  is  very  desirable.  The  authors  have 
tried  to  derive  such  a  method  on  the  basis  of  the  solubility 
of  the  humus  substances  in  a  solution  of  caustic  potash  and 
the  determination  of  that  part  which  remanis  insoluble  in 
this  reagent.  This  method  would,  however,  not  be  con- 
venient on  account  of  the  long  time  taken  in  the  filtration 
of  the  caustic  potash  and  the  formation  of  the  deposit,  as 
well  as  on  account  of  the  fact  that  air-dried  filters  must  be 
necessarily  used.  It  was,  therefore,  found  to  be  more  con- 
venient to  use  the  colorimetric  methods  and  to  determine 
the  color  of  the  solution  obtained  by  soaking  the  peat  in  a 
solution  of  caustic  potash.  The  value,  witli  respect  to  peat 
formation,  was  expressed  by  the  percentage  of  humus  acids 
or  humus  substances.  In  this  case  by  100  per  cent  was  de- 
noted a  solution  of  the  humus  substances  which  after  ex- 
traction by  caustic  potash  solution  and  by  liydrochloric  acid 
appeared  as  speck  peat.  When  both  methods,  the  quanta- 
five  and  the  colorimetric  were  compared,  it  was  found  that 
substances  soluble  in  caustic  potash  gave  different  values, 
which  would  indicate  that  the  caustic  potash  solution  dis- 
solved, in  addition  to  coloring  substances,  a  considerable 
amount  of  non-coloring  substances,  and  it  is  yet  a  ditticult 
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fjuestion  to  say  whether  these  latter  non-eolcriiig  substances 
have  any  value  in  the  formation  of  peat  fuel.  The  adapta- 
bility of  the  eolorimetric  method  for  the  estimation  or  humus 
content  of  peat,  for  the  purpose  of  determinating  fuel 
value,  is  an  open  question  until  it  has  been  determined 
which  substances  give  strength  to  peat  formation,  that  is, 
which  of  the  iiTeversible  colloids  soluble  in  water  give  to 
peat  the  gel  similar  to  that  found  in  the  constitution  of  coal. 
Since,  however,  the  final  purpose  of  the  investigation  is  to 
determine  the  amount  of  peat  formed  from  a  given  extrac- 
tion, it  is,  for  that  particular  purpose,  actually  indifferent 
where  the  percentage  value  obtained  represents  actual  con- 
tents of  the  important  heat  substances  or  gives  purely 
empirical  values  representing  an  increase  of  these  sub- 
stances during  the  process  of  peat  formation.  What  is  nec- 
essary, is  to  obtain  some  process  which  under  similar  cir- 
cumstances, would  always  give  similar  values.  After  numer- 
ous tests,  the  following  process  has  been  worked  out :  0.2  g. 
of  water-free  peat  were  covered  with  50  cu.  cm.  of  water 
to  which  were  added  3  cu.  cm.  of  a  50  per  cent  potassium 
.solution.  The  whole  boiled  for  an  hour  and  the  water  level 
maintained  by  additions  of  fresh  water.  This  was  cooled 
and  poured  into  a  graduated  glass,  filled  up  to  100  cu.  cm. 
and  poured  directly  into  a  filter  of  1815  cm.  Out  of  the  fil- 
trate so  obtained,  20  cu.  em.  and  in  case  of  very  dark 
liquid  10  cu.  cm.  were  poured  into  a  250  cu.  cm.  vessel 
filled  with  water.  The  solutions  so  obtained  which  were  all 
of  quite  different  colors  were  then  compared  first  with  one 
another  and  then  with  the  standard  solution  in  order  to 
obtain  the  percentages  showing  the  contents  of  humus  sub- 
stances in  the  peat.  The  eolorimetric  determination  has  been 
done  in  a  Wolf  colorimeter.  In  the  course  of  these  tests,  it 
jiroved  possible  to  determine  the  degree  of  peat  formation 
in  various  parts  of  a  bog  and  it  was  found  that  as  a  rule 
a  more  complete  peat  formation  was  found  in  the  deeper 
parts  of  the  bog  where  the  layer  was  darker  in  color,  while 
elsewhere  the  layer  containing  large  amounts  of  ash  was 
poorer  in  humus.  During  these  tests,  it  was  found  that  the 
color  of  alkaline  humus  solutions  was  not  permanent  and 
on  this  account  investigators  resorted  to  the  Russian  stand- 
ard solution  used  for  the  analysis  of  sewage  waters,  and 
prepared  in  the  following  manner:  10  g  of  Fe„Cl,,  and  2.5  g 
of  Co  SOj  7  H.O  together  with  10  cu.  cm.  of  concentrated 
hydrochloric  acid  were  dissolved  in  a  liter  of  water  and  100 
cu.  cm.  of  this  solution  passed  into  a  vessel  of  the  Wolf 
colorimeter.  In  the  other  vessel  was  placed  the  solution  the 
value  of  which  was  investigated  and, the  column  of  liquid  was 
reduced  until  its  color  corresponded  to  that  of  the  100  cu.  cm. 
standard  solution.  The  authors  attempt  to  espi'ess  the  fac- 
tor of  climate  numerically  and  further  proceed  to  a  brief 
consideration  of  the  use  of  peat  as  a  domestic  fuel.  (This 
Article  is  not  Finished) 

Qas  Engineering 

The  Gas  System  of  Metallurgical  Plants  (Die  Gas- 
wirtschaft  auf  EisenhiUtenwerken,  A.  Rummel,  Zeits.  des 
Vereines  deutscher  Infjenienre,  vol.  58,  nos.  29  and  30,  pp. 
1153  and  1216,  July  18  and  25,  1914,  13  pp.  gp).  The  pres- 
ent article  investigates  what  the  author  calls  a  gas  system 
of  a  metallurgical  plant,  that  is  the  methods  of  production 
and  utilization  of  gas  obtained  in  connection  with  the  va- 
rious primary  operations  of  the  plant.  It  is  to  a  consider- 
able extent  of  descriptive  nature  and  naturally  has  reference 


almost  exclusively  to  German  conditions.  In  the  main,  the 
author  points  out  the  great  development  of  the  utilization 
of  gas  in  metallurgical  plants  which  has  taken  place  of 
late.  It  is  very  difficult  in  many  cases  to  determine  what 
is  the  most  economical  way  of  utilizing  the  gas  obtained 
and  each  particular  case  in  every  work  has  to  be  determined 
in  connection  with  the  local  conditions  existing  therein.  It 
is  a  good  plan  to  consider  for  this  purpose  each  coke-oven 
plant  or  blast  furnace  as  an  independent  manufacturer 
striving  to  sell  his  gas,  even  though  a  by-product,  at  the 
best  price  obtainable.  On  this  basis,  a  system  may  be  de- 
veloped for  establishing  the  values  at  which  the  gas  may  be- 
come available  for  diiTerent  purposes,  the  prices  of  the  gas 
thus  determined  not  being  necessarily  the  same  in  each  case. 
This  method  of  considering  the  gas  producing  sections  of  the 
plant  as  private  and  independent  enterprises,  is  both  con- 
venient and  productive  of  good  results.  The  different  users 
of  gas  in  the  plant  can  pay  for  the  gas  a  price  only  high 
enough  to  enable  them  to  work  with  it  at  rates  not  more  ex- 
pensive than  if  they  were  using  some  other  fuel  available, 
for  example,  coal.  The  author  makes  his  comparison  main- 
ly, therefore,  on  the  basis  of  a  comparison  of  the  cost  of 
1000  calories  in  good  coal  and  a  similar  amount  of  heat 
units  in  gas.  In  so  far  as  examples  taken  from  actual  prac- 
tice permit  of  drawing  conclusions  as  to  general  rules,  it 
appears  that  in  the  normal  case  it  is  the  most  economical 
system  to  consume  the  gases  produced  by  blast  furnaces,  in 
the  power-house  of  the  plant;  in  the  first  place  for  produc- 
ing the  blast,  in  the  second,  for  current  generation,  and, 
finally,  for  driving  the  gas  blowers  of  the  steel  mills.  Next 
comes  the  use  of  gas  as  fuel  in  the  steel  mills  and  rolling 
mills,  as  well  as  for  the  auxiliary  plants  such  as  tempering, 
heating,  and  so  on.  It  is  only  when  there  is  absolutely  no 
other  way  of  utilizing  gas  that  it  may  be  burned  under  boil- 
ers which  appears  to  be  by  far  the  least  economical  methods 
of  its  utilization.  The  coke-oven  gases  can  best  be  utilized 
for  lighting  purposes,  next,  in  gas  engines,  then  in  open 
hearth  furnaces,  and  finally,  in  the  least  economical  man- 
ner, under  boilers.  With  these  conditions  in  view,  it  ap- 
pears that  in  the  metallurgical  plant  the  gas  engine  is  sub- 
stantially superior  to  the  steam  turbine,  no  matter  how  the 
steam  for  the  turbine  is  generated,  that  is,  whether  gas  fired 
or  coal  fired  boilers.  It  is  not  meant  of  course  that  steam 
is  not  to  be  considered  as  a  prime  mover  for  metallurgical 
plants.  The  author  points  out  where  th.e  steam  can  be  used 
with  advantage  and  what  disadvantages  there  are  in  its  use. 
Exhaust  steam  turbines  have  not  proved  successful  in  metal- 
lurgical plants,  and  the  main  consumer  of  steam  is  found 
to  be  the  rolling  mill  whose  steam  requiri^.ments  vary  with 
great  rapidity  and  with  extreme  irregularity.  This  produces 
an  extremely  economical  operation  on  exliaust  steam  tur- 
bines, even  with  large  steam  receivers.  The  double  pres- 
sure turbine  on  the  other  hand  would  be  well  adopted 
mechanically,  but  has  too  high  an  initial  cost.  On  the  other 
hand,  the  steam  turbine  in  a  power  plant  has  the  advantage 
of  being  able  to  take  large  peak  loads.  The  author  recom- 
mends therefore  to  use  the  excess  of  gas,  between  the  actual 
gas  production  and  the  requirements  of  the  gas  driven  ap- 
paratus in  the  plant,  as  fuel  under  boilers  which  should  be 
equipped  in  such  a  manner  as  to  be  able  to  utilize  either  coal 
or  gas  indifferently.  The  steam  produced  in  such  a  manner 
can  be  very  widely  utilized  and  as  shown  above,  there  are 
many   cases   where   steam   machinery   properly   selected    is 
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quite  suitable  to  metallurgifal  work.  The  author,  after 
investigating  the  proper  nietliods  of  determining  the  price 
of  a  kilowatt,  eomes  to  the  conelusion  that  in  many  cases, 
steam  is  preferable  for  heavy  rolling  mill  drives. 

FORTV-F1R.ST  COXGRKSS  OK  THE  (FrEKCH)  GaS  TECH- 
NICAL SociETV  (XLI-e  Congres  de  la  Societe  Technique  du 
Gas,  Le  Genie  Civil,  vol.  45,  nos.  10  and  11,  pp.  192  and 
217,  July  4  and  11,  1914,  6  pp.,  5  figs.  gde).  The  forty- 
first  Congress  of  the  Gas  Technical  Society  of  France  was 
held  in  Paris  in  June  1914,  the  regular  practice  being  to 
hold  the  Congress  one  year  in  Paris  and  the  next  year  in 
one  of  the  larger  provincial  cities.  A  number  of  interest- 
ing papers  have  been  presented.  Holland  d'Estape  re- 
ported his  experiments  on  the  behavior  of  coal  previously 
stored  under  water  in  storage  bins  and  in  furnaces.  Tlie 
experiments  were  carried  out  with  English  coal  stored  in  a 
reinforced  concrete  cylindrical  silo  10  m.  (32.8  ft.)  high  and 
4000  cu.  m.  (141250  cu.  ft.)  capacity  containing  about  3200 
metric  tons  (3520  short  tons)  of  coal.  The  entire  struc- 
ture was  above  the  ground  in  such  a  manner  that  both  the 
water  and  the  coal  could  be  drawn  out  by  gravity.  Pre- 
liminary experiments  have  shown  that   (1),  coal  kept  at  a 


only  a  short  time  no  difference  was  found  in  either  the 
quantity  or  quality  of  the  gas  obtained  with  dry  or  wet 
coal. 

Mazeran  described  a  ceutrifuyal  tar  separator  having  no 
movable  parts,  provided  with  two  cells,  and  based  on  the 
same  principle  as  the  so-called  cyclone  apparatus.  If  one 
imparts  to  raw  gas  a  rotary  motion  in  a  cylindrical  space 
into  which  it  is  admitted  tangentiaUy  witii  a  large  fall  of 
pressure,  the  action  of  the  centrifugal  force  brings  about  the 
separation  of  tarry  particle  which  enlarge  by  hitting  one 
another,  and  are  finally  projected  on  to  the  periphery, 
owing  to  the  difference  of  density  between  the  condensed 
tar  and  gas.  The  growth  of  the  tar  particles  occurs  in  the 
first  cell  A  (Fig.  2A)  and  the  main  separation  in  the  sec- 
ond cell  B  into  which  the  gas  flows  from  the  center  to  the 


A  Centrifugal  Tar  .Separator,  B  Comburimeter 


certain  depth  absorbs  only  quite  negligible  quantities  of 
water,  and  (2),  that  the  quantity  of  water  retained  by 
adherence  is  jjroportional  to  the  fineness  of  the  coal  (15  to 
20  per  cent  with  fine  coal  and  1.5  per  cent  in  the  case  of 
lumps  35  to  50  mm.,  or  1.4  to  2  in.  in  size).  The  coal  can- 
not be  dried  by  simply  letting  the  water  run  off.  It  was 
found  that,  when  special  valves  are  opened,  the  water  con- 
tained in  the  silo  runs  out  in  ten  and  a  half  hours  but 
drippage  continues  to  flow  at  the  rate  of  about  30  liters  (7.9 
gal.)  per  minute  for  the  first  hour  and  at  the  rate  of  Vo  liter 
(0.13  gal.)  per  minute  after  fourteen  days.  The  silo  was 
filled  up  to  two-thirds  of  its  height  with  run-of-the-mine 
coal,  containing  40  per  cent  of  breeze,  and  in  the  upper 
third  with  three  separate  lots;  run-of-the-uiine,  lump  coal, 
and  ruu-of-the-mine  cleared  of  dust.  Sample  quantities 
of  20  tons  each  were  taken  from  each  of  the  three  lots  of 
coal.  The  run-of-the-mine  coal  which  contained  9.8  per 
cent  of  water  when  coming  out  from  the  silo  three  days 
later  contained  only  fi.2  per  cent  when  it  reached  the  dis- 
tilling rooms,  while  in  the  large  lumps  humidity  has  gone 
down  3.6  and  even  2.8  per  cent.  The  600  tons  of  coal  dis- 
tilled during  these  experiments  have  not  caused  any  appre- 
ciable fall  in  the  temperature  of  the  furnaces.  Calcula- 
tion shows  that  vaporization  of  6  kg.  of  water  per  100 
kg.  of  coal  ought  to  increase  by  about  4.5  per  cent  the 
combustion   of   fuel.     Since  the  coal  stayed   in   the  silo   for 


periphery.  Previous  failures  of  similar  apparatus  was  due 
to  worliing  on  variable  output,  as  a  result  of  which,  it  often 
occurs  tliat  the  velocity  of  rotary  motion  of  the  gas  is  too 
feeble  to  be  efficient. 

A.  Guillet  in  a  ]iaper  on  Purification,  investigates  a  cu- 
rious anomaly  in  the  purification  of  gas  by  successfully 
passing  it  through  three  purifiers.  It  appears  then  that  the 
gas  which  has  not  been  completely  purified  in  the  second 
stage  does  not  materially  change  its  composition  while  pass- 
ing through  the  third  stage.  This  phenomenon  can  be  ex- 
plained by  admitting  that  there  is  a  certain  ratio  between 
the  quantities  of  hydrocyanic  acid  and  hydrogen  sulphide 
in  the  gas  at  which  hydrogen  sulphide  does  not  any  more 
convert  oxide  of  iron  into  a  sulphur  compound.  Hydro- 
cyanic acid  may  in  fact  decompose  iron  sulphide  and  set 
at  liberty  the  hydrogen  sulphide  jsresent.  Therefore,  it  is 
quite  admissible  to  believe  that  in  the  midst  of  a  gaseous 
mass  containing  hydrocyanic  acid,  oxide  of  iron  and  hydro- 
gen sulpl'.ide  may  be  placed  side  by  side  without  any  chem- 
ical reaction  between  these  two  latter  bodies  taking  ])lacc. 
This  would  explain  why  the  gas  containing  small  amounts 
of  ammonia  is  purified  easier  than  gas  previously  well 
w'ashed.  Very  often  hydrocyanic  acid  and  hydrogen  sul- 
phide are  absorbed  together,  but  at  a  velocity  which  varies 
in  accordance  with  external  conditions.  If  two  per  cent  of 
air  be  present,  the  hydrogen  sulphide  is  absorbed   first,  in 
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the  first  stage  of  the  purifier,  and  the  hydrocyanic  acid 
next,  in  the  second  stage.  The  author  comes  therefore  to 
the  conclusion  that  if  a  plant  washes  out  the  hydrocyanic 
acid  by  the  wet  method  in  a  preliminary  manner,  the  use 
of  purifiers  in  three  successive  stages  is  an  eiTor,  and  it 
is  more  sensible  to  group  the  purifiers  so  as  to  have  only 
two  passages  of  approximately  equal  surfaces.  He  recom- 
mends also  not  to  eliange  the  body  of  the  first  stage  until 
a  sulphurization  is  started  in  the  second  stage.  The  ex- 
cess of  oxygen  in  the  gas  after  passing  the  first  stage 
charged  with  fresh  material  is  sufficient  to  regenerate  the 
second  stage,  the  service  of  which  may  be  prolonged  there- 
fore by  several  years.  In  the  discussion  which  followed 
Mallet  stated  that  when  the  gas  comes  out  unclean  from  the 
third  stage,  that  means  that  the  hydrogen  sulpiride  and  the 
hydrocyanic  acid  therein  are  in  a  state  of  equilibrium  which 
does  n(jt  permit  purification  at  the  usual  velocities  of  from 
two  to  four  mm.  (0.078  to  0.157  in.)  per  second. 

In  the  next  paper,  Grebel  and  Velter  give  an  account  of 
comburimetrie  tests  and  a  description  of  the  eomburimeter 
designed  by  Velter.  The  eomburimeter  is  an  apparatus  used 
for  determining  the  quantity  of  air  necessary  for  the  per- 
fect combustion  of  a  gas.  The  essential  pai'ts  of  the  eom- 
burimeter shown  in  Fig.  B  are  as  follows;  The  entrance  of 
the  gas  at  ,1  is  regulated  by  the  needle  p  which  closes  more 
or  less  the  orifice  of  the  injector  i.  Another  device  connected 
with  the  injector  permits  to  regulate  the  admission  of  jiri- 
mary  air  to  the  burner.  In  moving  forward  and  back,  the 
screw  e  carries  with  it  the  disk  d  of  the  injector  (not  shown 
on  the  drawing),  and  throttles  at  d  more  or  less  the  en- 
trance of  the  portion  of  the  total  air  which,  as  primary 
air,  is  admitted  to  the  burner  along  the  path  shown  by  the 
arrow.  The  next  essential  member  is  the  air  admission 
chamber  B,  which  may  be  closed  air-tight  by  the  valve  C. 
The  movements  of  this  valve  are  regulated  by  the  indexed 
screw  A^,  moving  in  front  of  a  graduated  drum  O.  As  a 
rule,  the  air  necessary  for  the  working  of  the  eomburi- 
meter is  brought  in  by  the  draft  of  the  chimney  K  across  the 
throttled  annular  orifice  between  the  valve  C  and  its  seat,  but 
cock  P  located  on  the  side  permits  the  admission  of  a  certain 
amount  of  measured  air  into  the  chamber  B,  even  when  the 
valve  C  is  closed  entirely.  The  next  essential  element  is  the 
annular  burner  G.  A  part  of  the  air  admitted  into  the 
chamber  7?  mixes  at  rf  with  the  gas  coming  from  the  in- 
jector /,  while  ihe  otlier  part  of  the  total  air  is  distributed 
in  the  central  space  and  in  the  peripheral  chamber  F.  The 
fourth  essential  element  of  the  apparatus  is  constituted  by 
the  combustion  chamber  H  and  the  control  chamber  W  lined 
with  asbestos  and  separated  by  a  fire-clay  diaphragm  pro- 
vided with  a  calibrated  oisening  I.  Both  of  them  end  in 
an  identical  diaphragm  J.  In  the  chamber  H'  is  located 
the  central  support  C.  the  purpose  of  which  is  to  carry  a 
cupelling  crucible  made  of  fire-clay  for  absorbing  the  oxide 
of  lead  during  the  tests;  it  contains  a  control  piece  of  lead. 
A  chimney  of  blackened  copper  fitted  to  the  combustion 
chamber  and  consisting  of  a  central  tube  K,  with  a  spy 
window  L,  the  bottom  of  which  is  enclosed  in  a  crystal  cyl- 
inder jacket  K'.  finishes  the  apparatus. 

In  order  to  determine  whether  the  quantity  of  air  ad- 
mitted into  the  apparatus  does  or  does  not  produce  perfect 
combustion,  it  is  sufficient  to  observe  the  surface  of  the  lit- 
tle lead  bath  through  the  spy  window  L.  In  a  reducing 
atmosphere,   the   bath   appears   darker   than    the   cupel.     It 


reflects  mirror-like  on  the  walls  of  the  furnace.  In  slightly 
oxidizing  atmosphere,  the  surface  which  darkens  right  away, 
is  covered  by  tongues  of  colored  oxides,  running  in  all 
directions;  when  the  ratio  of  gas  to  air  is  within  close  lim- 
its, that  is  in  the  neighborhood  of  perfect  combustion,  the 
appearance  of  the  surface  of  the  bath  frequently  passes 
from  one  state  to  another.  As  a  criterion  of  neutrality  of 
combustion  must  be  taken  the  tendency  of  the  litharge 
tongues  to  disappear  and  not  to  appear.  From  experiments 
made  by  Bertin,  it  appears  that  the  sensiljility  of  the  eom- 
burimeter is  perfect  and  the  slightest  variation  in  the  pro- 
portions of  the  air  causes  the  appearance  or  disappearance 
of  the  colored  tongues  on  the  surface  of  the  bath.  In  fact, 
the  lack  of  oxygen  is  more  rapidly  indicated  by  the  disap- 
pearance of  litharge  coloring  on  the  surface  of  the  lead 
bath  than  by  the  carbonmonoxide  reaction  over  the  iodic 
acid.  This  apparatus  permits  also  to  determine  the  rela- 
tive comburivority  of  a  gas  by  operating  with  a  constant 
opening  of  the  air  valve  C.  A  further  advantage  of  this 
apparatus  is  that  it  permits  the  control  of  manufacture  of 
the  most  different  gases,  even  such  as  do  not  produce  any 
lighting  effects,  the  latter  not  being  possible  with  such  indi- 
cators as  those  of  Lowe  and  Methwen. 

Bigeard  presented  a  paper  on  the  causes  of  internal  at- 
tacks on  cast  iron  piping.  He  mentioned  that  at  Angers, 
small  diameter  east  iron  pipes  have  beeji  obstructed  by 
spongy  brittle  deposits  containing  up  to  40  per  cent  of  iron, 
sulphur  and  silica.  The  interesting  fact  is  that  the  large 
proportions  of  sulphur  and  silica,  such  as  detennined  by 
analysis,  in  the  deposits  do  not  correspond  to  the  small 
proportions  of  those  bodies  in  cast  iron.  In  the  discussion 
the  opinion  was  expressed  that  the  sulphur  and  hydrocyanic 
acid,  also  found  there,  may  be  due  to  incomplete  cleaning  of 
the  pipes. 

The  Meter  Company  exhibited  a  device  for  insuring  the 
safety  of  gas  meters  in  night  time.  Instead  of  closing  the 
main  cock,  the  consumer  may  before  gomg  to  bed  turn  this 
device  in  such  a  manner  as  to  permit  the  flow  of  only  a  lim- 
ited quantity  of  gas,  suiHcient  for  any  pur]iose  of  lighting 
during  the  night  time,  but  too  small  to  cause  any  accident 
in  case  of  a  leak.  Further,  a  safety  valve  prevents  the 
danger  of  excessive  leaks  due  to  forgetfuhiess  in  closing 
the  main  cock  after  the  meter  has  been  put  into  normal 
service  and  acts  automatically  in  case  of  a  leak  in  the  inter- 
nal piping. 

Masse  explahis  very  clearly  the  principle  of  establishing 
fi  rule  of  calculation  of  gas  conduits.  As  a  rule,  use  is  made 
of  the  Aubuisson  formula 
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where  /(  denotes  loss  of  head  in  mm.  of  water,  Q  output  in 
cu.  m.  per  hour.  L,  length  of  conduit  in  meters,  D,  its  diam- 
eter in  centimeters,  k  a  coefficient  which  varies  with  various 
investigators  (Monnier  makes  k  =  O.S-l).  After  numerous 
experiments  on  cast  iron  conduits,  Aubery  has  adopted  the 
I'ollowing  formula : 

0  i-s"  L 
h  =  1.025- 


D   -• '■'- 

corresponding  to  a  density  of  gas  equal  to  0.44.  This  rule 
permits  m  general  the  solution  of  problems  relating  to  the 
transportation  of  gas  through  a  conduit  of  any  length.  In 
the  discussion  which  followed.  Grebel  called  attention  to  the 
fact  that  the  formula  of  Auberv  is  close  to  that  of  Monnier 
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and  Blaess  where  the  output  is  a  function  to  p^  —  p,  (p,  exit 
pressure,  /;,  entrance  pressure)  and  not  the  more  modern 
formula;  of  Unwin  and  the  Chicago  Gas  Companies  where 
the  output  is  a  function  of  p'  —  p\  On  the  other  hand,  how- 
ever, this  formula  could  be  made  to  sliow  an  ag'reement  with 
the  results  of  the  experiments  made  by  the  French  Suburban 
Gas  Company  with  tlie  formula?  where  rhe  loss  of  head 
P,  —  p,  is  a  function  of  the  output  Q  raised  to  the  0.85  power 
while  in  all  the  formula;,  ancient  and  modern,  the  second 
power  is  adhered  to.  in  accordance  with  the  theory  of  flow 
of  fluids  in  pipes. 

Hydraulics 

Hydroklectric  INST.-U.LATION  IN  Kabylia  (Installation 
hydro-electrique  en  Kabylie,  L.  Neu.  Memoires  de  la  So- 
ciite  des  Ingenicurs  Civils  de  France,  ser.  7,  vol.  67,  no.  5, 
p.  597,  May.  1914.  11  pp.,  8  figs.  d).  The  article  describes 
a  hydroelectric  installation  in  Kabylia,  Africa.     The  instal- 


rection,  this  motion  being  transmitted  later  on  to  the  gates 
of  the  turbine  by  means  of  the  lever  R  connected  with  the 
governor  shaft  W. 

The  rotary  pumps  can  deliver  a  working  pressure  up  to 
10  atmospheres.  The  distributing  valve  is  perfectly  bal- 
anced; the  levers  a,  b,  and  c  provide  for  its  return  to  its 
middle  position,  and  a  very  small  displacement  of  the  dis- 
tributing valve  is  sufficient  to  start  immediately  the  servo- 
motor. All  changes  in  speed  resulting  from  a  retardation 
of  its  functioning  are  suppressed  owing  to  the  incompressi- 
bility  of  the  oil  which  is  used  to  insure  the  instantaneous 
action  of  the  speed  regulation.  The  hydraulic  pressure  act- 
ing on  the  servo-motor  does  not  act  all  the  time,  but  goes 
into  action  only  at  the  very  instant  when  (he  speed  regula- 
tion has  to  take  place,  its  value  being  proportional  to  the 
resistance  offered  by  the  governing  organs  of  the  turbine 
water  supply  system.  If  it  is  desired  to  stop  the  action  of 
the  governor  while  in  operation  without  at  the  same  time 
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Fig.  3     Minetti  Hydraulic  Turbine  Speed  Regul.\tor 


lation  uses  a  double  type  Francis  water  wheel  provided 
with  a  Minetti  speed  regulator  with  a  servo-motor  operated 
by  oil  under  pressure.  Fig.  3A  and  B  show  the  construction 
of  this  regulator.  Its  essential  parts  are  the  piston  K  mov- 
ing in  a  cylinder  C,  the  two  high  pressure  rotary  pumps 
P,  and  V .,  distributing  double  seat  valve  F  and  fly-ball  gov- 
ernor r.  Each  of  the  ends  of  the  cylinder  communicates  on 
one  hand  with  the  delivery  piping  of  one  of  the  pumps  and 
on  the  other  hand  with  a  discliarge  passage  .1,  or  ^4,  open- 
ing into  the  reservoir  /?.  When  the  engine  runs  at  a  normal 
speed,  the  valve  T'  wliich  controls  the  openings  .-l^  and  A„ 
is  in  its  middle  position  and  therefore  leaves  open  equal 
amounts  of  cross  section  of  the  two  |)assages,  so  that  the  oil 
carried  into  the  cylinder  can  return  back  to  the  reservoir 
without  exerting  any  pressure  on  the  piston.  But  as  soon  as 
the  speed  of  the  engine  begins  to  decrease  or  increase  as  com- 
pared with  normal  speed,  the  valve  F,  in  consequence  of  a 
variation  of  the  work  of  resistance,  is  shifted  under  the 
influence  of  the  centrifugal  governor  and  comes  to  cover  up 
one  of  the  discharge  passages.  Then  the  oil  delivered  by 
the  pump  on  the  closed  side,  not  being  able  to  return  to  the 
reservoir,  forces  the  piston  to  move  in  a  corresponding  di- 


stopping  the  pumps,  the  valve  is  lifted  and  both  ends  of  the 
cylinder  C  placed  into  communication  with  one  another.  This 
valve  also  acts  as  a  safety  valve  by  limiting  the  maximum 
pressure  in  the  apparatus  to  that  necessary  for  operating 
the  gates  on  the  turbine  plant,  and  comes  into  action  in  case 
of  accidental  ruptures  which  may  occur  when  a  hard  body 
gets  into  the  turbine  regulation  device.  The  time  required 
for  closing  is  about  three  seconds,  the  regulation  of  the  tur- 
bine being  practically  instantaneous. 

Internal-Combustion  Engineering 

Modern  Cooling  Devices  foe  Use  on  Internal  Com- 
bustion Engines  (Nenere  KiihleinriclHungcn  fiir  Verbren- 
nungsmotnren,  Dr.  F.  Georgius,  Dinglers  polytechnisches 
Journal,  vol.  329,  no.  29,  p.  453,  July  18,  1914,  3  pp,  8  figs. 
d).  The  article  describes  modern  devices  for  cooling  in- 
ternal combustion  engines.  Wliile  tlie  cooling  forms  a  very 
important  jiart  in  the  operation  of  internal  combustion  en- 
gines, one  of  the  most  dangerous  occurrences  as  far  as  the 
life  of  the  cylinders  is  concerned  is  the  rapid  variation  in 
temperature  and  stresses  produced  thereby,  due  to  the  sud- 
den flow  of  cooling  water  after  it  has  been  interrupted  for 
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a  time  through  some  cause.  For  a  long  time,  water  was  the 
main  cooling  agent,  but  lately  the  Augsburg-Nurenburg 
Machine  Company  has  turned  to  the  use  ol'  oil  with  which 
very  good  results  have  been  obtained  in  the  engines  sup- 
plied to  the  Dutch  warships.  The  oil  in  this  case  runs  in 
a  closed  circuit  and  is  cooled  by  a  fiow  of  water.  It  is 
pumped  under  a  pressure  of  from  2.5  to  5  atmospheres, 
and  is  used  both  for  cooling  and  in  some  instances  for 
lubricating,  as  for  example  in  main  bearings,  driving-rod 
and  crank  shaft.     The  present  article  describes  the  cooling 


vided  with  a  non-return  valve  k;  during  the  suction  stroke 
this  valve  opens;  during  the  pressure  stroke  the  water  is 
compressed  partly  through  the  piping  d  and  partly  by 
means  of  the  piston  rod  6.  As  a  result  no  separate  dri\e  for 
the  cooling  water  circulation  pump  is  required.  This  ar- 
rangement, however,  can  be  used  only  in  the  case  of  engines 
which  have  space  available  for  the  pump  over  the  cylinder 
cover. 

For  engines  in  which  the  fuel  injection  nozzles  are  located 
on  the  cylinder  cover,  it  is  advisable  to  have  a  special  sys- 
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Fig.  4     Cooling  Devices  fok  Use  on  Internal  Combustion  Engines 


devices  placed  on  the  market  by  Krupp,  the  German  Gen- 
eral Electric  Company,  Goudard  &  Mennesson,  Langerer  & 
Reich,  Daimler  Motor  Company,  Kreul  &  Hesselman.  An 
interesting  solution  of  the  problem  of  cooling  is  presented 
by  Kreul.  He  avoids  the  use  of  a  sisecial  water  service 
pump  by  using  a  pump  placed  on  the  cylinder  cover;  in 
this  pump  the  extension  of  the  piston  rod  works  as  a  pis- 
ton as  shown  in  Fig.  4A.  The  pump  a  is  placed  over  the 
cylinder  cover  /  and  the  piston  rod  b  acts  as  the  piston  of 
this  pump.  The  liquid  handled  by  the  pump  is  conducted 
by  the  pressure  pipe  d  on  to  the  cylinder  e  and  the  cylin- 
der covers  /  and  g.  The  water  circulation  takes  place 
through  the   piston    rod   b  w-hieh  is  for   this   purpose   pro- 


tem  of  cooling  the  nozzle  passage  in  the  cover.  To  do  this, 
Hesselman  (Figs,  B  and  C)  provides  for  a  special  water 
chamber  around  the  fuel  passage  in  the  cover  separate  from 
the  general  water  chamber.  The  opening  in  the  cover  is 
divided  by  the  wall  a  into  two  spaces  6  and  c,  connected 
with  one  another  by  the  passage  d.  The  outer  chamber  is 
connected  by  the  opening  e  with  the  water  jacket  of  the  cyl- 
inder while  the  water  runs  away  through  the  passage  /. 
Radial  grooves  g  are  used  in  order  to  prevent  the  water 
coming  in  through  d  from  flowing  through  the  inner  space 
b  in  a  peripheral  direction  and  to  force  the  water  to  run 
along  the  walls  of  the  nozzle  passages. 

When   the   cooling  liquid   is  not  brought   in   through   the 
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piston  rods,  special  pipes  attached  to  tlie  piston  and  dip- 
ping into  a  fixed  tank  are  used.  In  order  to  provide  for  a 
good  packing  ot  these  pipes  in  the  tank  walls,  the  German 
General  Electric  Company  uses  the  gaseous  pressure  me- 
dium flowing  in  a  direction  opposite  to  that  of  the  cooling 
medium.  For  e.xample,  if  an  internal  combustion  engine 
with  opposed  jiistons  such  as  is  shown  in  Fig.  D  is  used, 
than  tlie  cooling  medium  (in  this  case,  water)  is  brought 
on  to  the  lower  piston  by  a  pipe  d  and  another  pipe  e  fixed 
to  the  piston  and  having  a  slight  play  between  it  and  d. 
The  liquid  which  leaks  between  the  pipes  d  and  e  is  caught  in 
the  tank  /  through  the  upper  wall  of  which  the  pipe  e,  pro- 
vided with  mechanical  packing,  passes  through.  The  leak- 
age is  then  conducted  away  by  the  pipe  g.  The  cooling 
water,  at  a  iiigher  temperature,  after  it  has  done  its  work, 
is  taken  away  from  the  piston  through  pipe  h  and  tank  i. 
The  upper  ends  of  the  tanks  /  and  i,  permitting  a  passage 
of  the  pipes  e  and  h,  are  provided  with  chambers  j  which 
are  connected  with  the  scavenging  air  tank  I  by  the  pipe  k. 
The  air  compressed  to  a  pressure  above  atmospheric,  reaches 
from  the  tank  I  into  the  chamber  j  and  from  there  through 
the  pipe  packing  in  part  directly  into  the  atmosphere  but 
mainly  into  the  tanks  /  and  i;  while  passing  into  this  latter 
it  forces  the  liquid  back  into  them  and  thus  prevents  the 
lubricating  oil  from  getting  into  the  driving  parts  as  well 
as  mi.xing  with  the  cooUng  water.  The  air  itself  is  later 
on  allowed  to  escape  together  with  the  leakage  of  the  liquid. 
In  the  case  of  the  cooling  arrangement  of  the  upper  piston 
which  in  all  other  respects  is  designed  in  a  similar  manner 
to  that  of  the  lower  piston,  the  admission  pipe  d  and  re- 
turn flow  pipe  ]i  open  into  the  same  tank  m,  the  connec- 
tion between  the  pressure  chamber  j  and  scavenging  tank  I 
occuring  through  the  pipe  k.  As  a  means  of  packing,  may 
lie  used  a  part  of  the  air  compressed  either  in  the  working 
cylinder  or  in  the  pumps.  The  pressure  of  the  air  used  as 
a  packing  medium  may  be  regulated  by  the  valve  p  and 
since  the  cooling  water  is  certain  not  to  mix  with  the  lubri- 
cating oil,  it  may  be  immediately  used  again  after  it  has 
been  cooled  to  its  initial  temperature.  Another  arrange- 
ment used  by  the  same  concern  in  order  to  prevent  a  leak- 
age of  the  cooling  medium  through  a  movable  pipe  connec- 
tion consists  in  driving  the  cooling  medium  through  the 
piston  and  pipe  connections  not  under  pressure  but  mider 
suction.  In  all  of  these  cooling  chambers  and  pipes  the 
pressure  is  below  atmospheric,  the  flow  of  the  liquid  being 
prevented  thereby.  For  this  purpose  any  pump  may  be 
used,  and  the  pressure  piping  can  open  into  the  suction 
chamber. 

Among  other  types  may  be  used  also  cooling  arrange- 
ments consisting  of  a  rotating  tank  and  stationary  pipe 
system.  By  the  rotation  of  the  tank,  owing  to  centrifugal 
force  acting  on  the  liquid,  a  pressure  and  suction  are  pro- 
duced at  the  openings  of  the  admission  and  exit  pipes  re- 
spectively. A  cooler  designed  on  this  principle  by  Goudard 
and  Mennesson  is  shown  in  Fig.  E.  In  this  case  two  drums 
a  and  a,  located  side  by  side  on  the  same  axis  and  inter- 
connected by  a  bundle  of  pipes  a,  are  used  as  cooling  cham- 
bers. A  stationary  system  of  piping  is  connected  with  this 
rotating  drum  by  the  central  opening  in  such  a  manner  that 
tlie  liquid  is  admitted  into  one  of  the  drums  and  flows  out 
again  through  the  other.  The  pipe  ends  6  and  b,  have  a 
free  opening  into  the  respective  drums  without  there  being 
any  need  for  packing.     The  rotation  of  the  drums  driven 


with  a  considerable  velocity  by  the  engine  produces  without 
any  further  appliances  a  circulation  of  the  eooUng  medium 
through  the  joints  of  the  engine.  In  order  to  prevent  a 
syphonic  action  which  might  take  place  while  the  engine  is 
stationary,  the  system  of  pijjing  is  interrupted  both  at  the 
admission  and  exit  ends  on  the  cooling  jacket.  The  cooling 
drums  are  sometimes  made  of  aluminum.  Owing  to  the  fact 
that  the  two  drums  are  connected  with  one  another  by  the 
system  of  piping  a^,  freely  surrounded  by  outside  air,  a 
good  cooling  of  the  cooling  water  of  circulation  is  produced. 
If  necessary,  fins  c  may  be  added  to  intensify  the  cooling 
action. 

The  arrangement  permitting  a  rapid  cooling  of  the  cir- 
culating water  after  coming  from  the  water  jacket  has  the 
further  advantage  that  the  supply  of  cooling  water  may  be 
maintained  as  low  as  possible.  This  circumstance  is  of  par- 
ticular importance  in  the  case  of  engines  used  on  vehicles 
of  various  kinds.  In  order  to  achieve  this,  Langerer  and 
Reich  make  the  circulating  water  to  come  into  direct  con- 
tact with  air  (Fig.  F  and  G).  A  chamber  o  is  divided 
into  two  by  a  sieve  b.  The  space  is  flUed  with  a  filter  mass. 
The  water  coming  from  the  engine  jacket  arrives  through 
the  pipe  d  and  thus  reaches  the  atomization  pipe  e  which 
distributes  it  over  the  entire  cross-section  of  the  cooler.  In 
the  lower  chamber  of  the  cooler  an  air  atomizer  /  is  built- 
in,  the  upper  surface  of  which  is  arched  laterally  and  has 
a  wave-shaped  appearance  in  the  longitudinal  direction, 
there  being  provided  at  the  crests  of  the  waves  slots  h, 
while  in  the  lower  flat  surface  i  there  are  a  number  of  open- 
ings it.  The  water  entering  through  the  pipe  e  flows  through 
the  sieve  and  the  filtering  mass,  and  later  on  goes  again  to 
the  engine  jacket  from  the  lower  collecting  tank.  The  au- 
to the  atomizer  /  is  supplied  by  a  fan  driven  by  the  en- 
gine or  some  similar  appliance.  It  enters  into  the  cooler 
uniformly  distributed  through  the  longitudinal  slots  h  and 
flows  counter  current  to  the  water  coming  from  the  engine 
jacket,  this  ensuring  an  intimate  contact  between  the  cool- 
ing air  and  tlie  water.  The  sieves  serve  to  prevent  the  fllter 
mass  from  packmg  too  tight.  The  well  known  system  of 
cooling  used  on  the  motor  cars  of  the  Daimler  Company  is 
also  described  in  the  article. 

Steel  Cylinders  {Stahhylinder,  F.  Klitikenberg.  Der 
Motorwagen,  vol.  17,  no.  19,  p.  451,  July  10,  1914.  3  pp.,  1 
fig.  d).  While  the  manufacture  of  cast  iron  cylinders  for 
motor  traction  has  reached  a  high  stage  of  perfection  in- 
volving the  use  of  specially  adapted  high  grade  cast  iron. 
determined  efforts  are  made  in  Germany  to  promote  the  use 
of  steel  cylinders,  especially  where  the  lower  weight  of  the 
latter  is  a  factor  of  importance.  In  Gennany,  a  concern  called 
the  Steel  Motor  Company  Ernst  Jaenisch  &  Co.,  in  Berlin, 
has  of  late  been  making  a  specialty  of  the  manufacture  of 
steel  c.vlinders  for  automobile  engines.  The  manufacture 
has  been  carried  on  in  a  well  regulated  maimer  of  mass  pro- 
duction, with  specially  I'.esigned  machine  tools  and  produc- 
tion to  close  dimensions.  The  en-bloc  type  is  mainly  pro- 
duced. Fig.  5  shows  a  four  cylinder  engine  cast  en-bloc 
80  mm.  (3.14  in.)  bore  and  130  mm.  (5.118  in.)  stroke  for 
a  motor  rated  at  10  h.p.  under  the  German  motor  tax  rules. 
The  general  arrangement  of  the  valves  and  suction  and  ex- 
haust connections  does  not  differ  from  normal  construction, 
but  one  can  see  the  extreme  care  taken  in  the  execution  of 
the   passages,   valve   chambers   and    cooling   water   jackets. 
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The  walls,  contrary  to  wliat  is  done  in  the  case  of  east  iron 
cylinders,  are  made  extremely  thin  and  in  some  places,  for 
example  the  cover  and  cooling  water  jackets,  are  approxi- 
mately not  more  than  thin  sheet  steel;  even  the  valve  cham- 
ber plugs  are  nothing  but  light  steel  pieces.  The  suction 
passages  are,  in  accordance  with  the  modern  practice,  placed 
inside  the  cylinder  block  while  exhaust  piping  is  located 
on  the  outside  and  held  by  means  of  thin  llanges.  The  pur- 
pose of  locating  the  exhaust  piping  on  the  outside  is  to  give 
a  chance  for  better  cooling  since  when,  experimentally,  the 
piping  was  jilaced  inside  the  cylinder  block,  it  resulted  in 
an  irregular  and  one-sided  heating  of  the  block  and  extreme 
stresses  in  the  material.  The  bend  in  the  exhaust  pipe  is 
also  very  light  and  consists  of  thin  steel  piping  0.059  to 
0.078  in.  thick. 

The  cylinders  are  made  of  an  excellent  special  grade  of 
steel  and  machined  throughout.  They  are  adapted  to  any 
compression  pressure  which  may  arise  and  can  withstand 
for  a  long  time  all  possible  stresses,  which  is  not  the  case 
with  the  ordinary  steel  cylinder  with  the  head  simply  welded 
in.  The  valve  guide  bushings  are  made  of  a  special  steel 
casting  and  either  set  in  or  pressed  in  in  the  corresponding 
steel  sleeves  of  the  block  body  without  requiring  any  fur- 
ther means  of  fastening.  A  special  process  not  described  in 
the  article  is  used  for  joining  the  cylinder  with  the  water 
jackets  and  the  latter  with  the  cover  (from  other  informa- 
tion it  would  appear,  autogenous  welding  is  used  for  this 
purpose).  The  machining  of  the  inside  of  the  cylinder  is 
done  in  a  very  simple  manner,  the  cylinder  being  bored  and 
then  simply  reamed  with  a  reamer  of  suitable  dimensions. 

There  might  be  some  trouble  from  the  difference  between 
the  cast  iron  piston  rings  and  the  steel  cylinder;  it  is,  how- 
ever, known  that  the  surface  of  the  cast  iron  cylinder  hard- 
ens within  a  short  time  so  that  the  conditions  of  working 
in  the  steel  and  cast  iron  cylinders  are  about  the  same  and 
no  trouble  worth  speaking  of  has  been  observed  hitherto  in 
the  operation  of  steel  cylinders  in  this  respect.  With  re- 
spect to  cooling  water  circulation,  it  is  essential  that  the 
cooling  water  after  its  entrance  into  the  cylinder  block  be 
admitted  directly  and  automatically  under  the  hot  exhaust 
valve  chamber  before  it  is  allowed  to  rise  further;  for  this 
purpose,  special  passages  are  provided  which  can  be  seen 
on  the  figure  of  the  block  looking  from  above  under  the 
cross-section  of  the  suction  pipe.  The  design  shown  in  the 
drawing  involves  cooling  by  means  of  a  pump,  but  there  is 
also  a  special  construction  with  automatic  cooling  by  the 
thermo-syphon  system. 

Three  main  advantages  are  claimed  for  the  steel  cylinder 
of  this  type  of  construction  :  In  the  first  ])laee,  low  weight, 
approximately  one  third  of  that  of  the  cylinder  of  equal 
output  in  cast  iron,  which  is  of  importance  for  automobile 
construction ;  in  the  second  place,  the  uniformity  in  the  dis- 
tribution of  material  and  possibility  of  usuag  thin  walls  for 
the  cylinder  water  jacket,  exhaust  piping  and  so  on,  permit 
very  advantageous  effects  in  the  introduction  and  dispersal 
of  heat.  The  thermal  efficiency  of  an  engine  and  its  out- 
put, especially  when  operated  at  a  constant  forced  load, 
depend  to  a  very  high  degree  on  the  transmission  of  heat 
to  the  cooling  water  and  the  dispersal  of  heat  to  the  atmos- 
phere, and  the  advantages  presented  in  this  respect  by  the 
use  of  steel  permit  higher  compression  pressures  than  would 
be  the  case  in  similar  cast  iron  cylinders.  The  third  im- 
portant   advantage    is    the    possibility    of    using    the    exact 


shapes  and  dimensions  inside  the  cylinder  block  which  are 
required  by  the  designer  of  the  engine,  without  having  to 
count  with  the  eventualities  of  casting  as  is  the  case  in  cast 
iron  cylinders.  The  use  of  steel  permits  the  employ  of  any 
means  of  construction  and  any  variation  of  cross-section  of 
passages.  The  main  disadvantage  of  this  type  of  construc- 
tion is  its  higher  price;  this,  however,  depends  matei'ially  on 
the  extent  and  method  of  manufacture  and  may  not  count 
so  much  in  view  of  the  important  advantages  lying  on  the 
other  side. 

Pumps 

COXCERNING   THE    CALCULATION   OF    WaTER-JET   AiR   PuMPS 

[Zur  Berechnung  der  Wasserstrahl-Luftpumpen,  Professor 
C.  Plieiderer,  Zeits.  des  Vereines  detitscher  Ingenieure,  vol. 
58,  no.  24,  p.  965,  June  13,  1914,  and  no.  25,  p.  1011,  June 
20,  1914,  12  pp.,  10  figs.  teA).  The  article  presents  meth- 
ods of  calculation  of  so-called  water-jet  pumps;  that  is.  de- 
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vices  in  which  the  kinetic  energy  of  the  water  jet  is  used  to 
deliver  gases,  such  as  air,  from  a  level  of  low  pressure  to  a 
level  of  high  pressure.  The  author  derives  a  fundamental 
equation  of  the  water  jet  pump,  and  shows  that  the  nozzles 
of  these  pumps,  when  low  suction  pressures  are  used,  must 
have  contracting-expanding  cross  sections  such  as  are  used 
in  the  Laval  nozzle.  He  shows  further  the  conditions  which 
lead  to  an  oscillation  in  the  air  vacuum  and  cause  inter- 
ruptions in  the  operation  of  the  pump.  He  develops  a  proc- 
ess which  gives  means  to  prevent  the  interruptions  in  the 
flow  of  water  and  undesirable  variations  in  its  velocity.  He 
detei'mines  further  the  efficiencies  of  water  jet  pumps  and 
proves  that  such  a  pump  works  the  more  efficiently,  the 
higher  the  velocity  of  the  water  and  the  smaller  the  amounts 
of  water,  on  condition,  however,  that  the  amount  of  water 
is  still  sufficiently  large  to  handle  the  respective  amomit  of 
air  to  be  delivered.  He  gives  several  examples  showing 
processes  used  in  the  calculation  of  jet  pumps  and  distin- 
guishes between  nozzles  with  a  straight  central  line  and  annu- 
lar nozzles  and  shows  that  in  the  case  of  the  latter  the  cir- 
cular motion  of  the  water  requires  the  use  of  special  equa- 
tions. He  proves  further  that  water  jet  pumps  actually 
behave  like  piston  pumps  with  an  infinitely  small  clearance, 
in  so  far  as  thev  have  a  tendency  to  maintain  the  amount  of 
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air  taken  in  constant,  notwithstanding  the  variations  in  the 
suction  pressure. 

The  Spiral  Chain  Pump  (Die  Spiraldrahtpumpe,  Kraft 
vnd  Betrieb,  vol.  3,  no.  6,  p.  89,  June  27,  1914,  1  p.,  2  figs. 
de).  In  The  Journal  August  1912,  pages  1252  and  1253, 
was  described  and  illustrated  a  new  device  for  raising  liq- 
uids consisting  of  a  closely  wound  spiral  with  the  chain 
inside  designed  by  the  French  engineer  Bessonet-Favre.  At 
that  time,  no  precise  data  of  tests  was  available.  The  chain 
pump  of  this  design  presents  certain  advantages  in  being 
able  to  handle  equally  well  {-old  or  warm,  dean  or  dirty 
water,  and  because  it  lias  no  \alves,  stuflfing-boxes  or  pack- 
ing, it  must  be  very  simple  in  operation  and  cheap  to  in- 
stall. The  following  data  of  tests  may  be  of  interest.  To 
convert  the  data  to  American  units,  it  is  necessary  to  mul- 
tiply the  volume  of  water  given  in  cubic  meters  by  35.314 
which  will  give  eu.  ft.  and  the  h.p.  by  m  which  is  the  con- 
version constant  to  change  from  continental  horse  power 
to  the  corresponding-  American  unit. 

TABLE  1     DATA  AND  TESTS  OF  A  BESSONET-FAVRE  CHAIN  PUMP 


Diam- 

1 
Num- 

Output and  Power  Consumption  for  a 

Delivery 

Head  of 

eter  of 

ber 
of 

Chain. 

mm. 

Wire 

10  m. 

20  m. 

30  m. 

40  m. 

50  m. 

60  m. 

24 

1 

3900 
0.25 

3650 
0.4 

3350 
0.5 

cbm.  per  hr. 
h.p. 

27 

I 

4500 

4350 

4150 

3900 

3600 

3250 

cbm.  per  hr. 

0.3 

0.45 

0.6 

0.7 

0.8 

1.0 

h.p. 

32 

1 

5500 

5300 

5100 

4900 

4700 

4500 

cbm.  per  hr. 

0.35 

0.55 

0.7 

0.8 

1.0 

1.2 

h.p. 

40 

2 

10000 

9800 

9575 

9325 

9050 

8750 

cbm.  per  hr. 

0.6 

1.0 

1.2 

1.8 

1.7 

2.1 

h.p. 

55 

2 

15000 

14600 

14200 

13800 

13400 

13000 

cbm.  per  hr. 

0.9 

1.5 

1.7 

2.2 

2.6 

3.0 

h.p. 

62 

3 

20000 

19500 

19000 

18500 

18000 

17500 

cbm.  per  hr. 

1.1 

2.0 

2  3 

2.9 

3  5 

4.1 

h.p. 

80 

3 

30000 

29500 

29000 

2S500 

28000 

27500 

rbm.  per  hr. 

1.75 

2.9 

3.5 

4.5 

5.4 

6.3 

h.p. 

Evaporation  Test  of  a  Steam  Boiler  Equipped  with 
Improved   Wefer    Gas   Firing    (Verdampfungsversueh    an 
einem    mit    der    verbesserten    Wefer-Gasfeuerung    ausgerii- 
steten  Dampfkessel.  A.  Biitow  and  0.  Dobbelstein,  Gliick- 
auf,  vol.  50,  no.  26,  p.  1030,  June  27,  1914,  2  pp.,  1  fig. 
de).    This  article  is  practically  a  continuation  of  the  article 
on  the  same  subject  and  by  the  same  author,  abstracted  in 
The  Juunial,  July  1912,  page  1118,  where  previous  tests  of 
the  same  system  of  firing  on  a  double  boiler  have  been  re- 
ported.    Since  then   tiie  Wefer  system  of  firing  has  been 
improved  and  reconstructed  in  the  form  shown  in  Fig.  6. 
The  coke-oven  gas  jaasses  from  the  gas  chamber  a  through 
40  pipes  h  into  boiler  openings  c  of  the  graphite  body  d 
where  it   mixes  with   the   air  entering  through   the  annular 
sliding  valve  e  and  burns  up  in  the  fire  room  /.    The  entire 
Ijurner  is  set  in   a   cylindrical  extension   g   of  the   firebox 
frame.     The  firebox  is  directly  connected  with  the  external 
atmosphere  by  a  centrally  located  pipe  200  mm.   (7.87  in.) 
inside  diameter;  in  the  former  design  this  pipe  was  closed 
by  the  loosely  lying  explosion  cover,  which  now  lies  over  the 
gas  chamber  •,  the  new  arrangement  has  the  advantage  of  pro- 
viding  a   larger   free    cross-section    for    possible    explosion 
shocks.     In  the  older  design,  there  were  only  25  gas  ad- 
mission pipes  which  formed  a  closed  central  bundle ;  the  pres- 
ent arrangement  makes  possible  a  better  subdivision  of  the 
gas,    and    mi.xing    between    the    gas    and    air.      The    burner 
openings  have  been  slufted  to  the  end  of  the  fire  tube  by 
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Friction  (Tesla)  Turbixe.s  (Les  turbines  a  frottement  ou 
Tesla,  Professor  E.  Merigeault.  Bevtie  de  Mechaniques,  vol. 
34,  no.  6,  p.  538,  June  30,  1914.  7  pp.,  (5  figs.  0-  The  ar- 
ticle gives  an  attempt  at  construction  of  the  theory  of  the 
Tesla  turbine  as  well  as  a  discussion  of  its  theoretical  effi- 
ciency. As  regards  the  possible  improvement  of  this  type 
of  turbine,  the  author  states  that  it  lies  in  the  direction  of 
decreasing  as  far  as  possible  all  internal  friction  which 
causes  loss  of  efficiency,  and  recommends  the  following  meth- 
ods. First,  to  use  disks,  the  internal  and  external  radii  of 
which  are  close  to  one  another  so  that  a  molecule  of  water 
may  escape  after  having  made  a  single  turn.  At  any  instant, 
therefore,  there  will  be  present  only  one  spiral  of  current 
and  this  spiral  will  approach  in  its  shape  an  arc  of  a  circle. 
Second,  to  add  to  the  disks,  spiral  transverse  partitions 
directing  the  current  whioli  are  so  close  to  one  another  that 
they  will  be  like  a  streamline  passing  in  a  channel  between 
two  successive  partitions.  In  this  way  the  current  of  fluid 
will  exert  on  the  entire  periphery  a  friction  against  metallic 
walls  combined  with  a  movable  wheel.  Here  again  eaci; 
si)iral  will  come  very  close  to  an  arc  of  a  circle. 


Fig.  6     Lmproved  Wefer  G.vs  Firing 

building  the  burner  into  the  extension  g  and  by  this  means 
the  fire  tube  has  been  made  available  for  useful  heating 
throughout  its  entire  length.  Finally,  in  order  to  provide 
as  large  a  contact  space  as  possible  between  the  gas  mix- 
lure  and  tlie  incandescent  pieces  of  fire  clay  and  to  achiev* 
thereby  a  complete  combustion,  a  layer  of  pipe-pieces  ;'  hat 
been  placed  behind  the  fire  brick  grating  /(.  The  arrange- 
ment of  the  plant  as  compared  with  that  reported  pre- 
\iously  has  been  changed  somewhat  through  the  installa- 
tion of  a  gas  holder  of  40.000  cbm.  (1,412,580  cu.  ft.)  ca- 
pacity which  permits  to  maintain  the  gas  pressure  quite 
steady,  contrary  to  wliat  was  the  case  in  the  former  tests. 
The  benzol  plant  has  been  enlarged  so  that  the  gas  is  now 
practically  free  from  benzol  and  therefore  of  a  somewhat 
lower  heating  value.  Tlie  tests  were  made  on  April 
26,  1914,  with  a  double  flue  boiler  of  115.4  qm.  (1135  sq.  ft) 
heating  surface.  Its  results  are  shown  in  table  2.  A  com- 
parison of  these  data  with  the  data  obtained  in  the  previous 
tests  shows  that  notwithstanding  the  increase  in  the  boiler 
output  from  21.83  to  28.38  kg.  per  hr.,  the  total  efficiency 
of  the  plant  went  up  to  84.6  per  cent  or  increased  by  5.4 
per  cent.  It  must,  however,  be  borne  in  mind  that  in  the 
former  tests  the  heating  value  of  the  gas,  as  obtained  by 
analysis,  lias  not  been  referred  to  the  temperature  of  deter- 
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minatioii.  If  tliis  fact  be  taken  into  consi(lerati<in  and  the 
difference  in  heating  value  of  ]05  W  E  (189  B.t.u.  per  lb.) 
be  introdnced  into  the  calculation,  the  rise  in  boiler  efB- 
eiency  will  be  reduced  to  3.4  per  cent,  which  still  shows  that 
the  change  in  construction  lias  improved  the  AVefer  boiler. 

TABLE  2     DAT.\  OF  TEST.S  OF  AN  IMPRO\ED  WEFER  GAS  FIRING 
INSTALL.A.TION 

Duration  of  test 8  hr. 

Steam  pressure 12.0  atmospheres  gage 

Feedwater  consumption,  kg/lb 26608/58537 

Steam  generation: 

from  water  at  0  deg.   cent.    (32  deg. 

fahr.)  to  .steam  at  100  deg.  cent.  (212 

deg.  fahr.)  and  637  WE  (1146  B.t.u.) 

kg/lb 26204/57648 

Steam  generation  per  hr.,  kg/lb 3275.5/7206 

Steam    temperature    at    su{)erheater,    deg. 

cent. /fahr 297,0/566.6 

Total  gas,  volume,  cbm,  cu.  ft 5633/198,924 

Gas  volume  per  hr.,  cbm/cu.  ft 704. 1/24864 

Pressure,  gage,  in  the  gas  piping,  mm.  water.  148.0 

Gas  temperature,  deg.  cent.,  fahr 35.0/95 

Barometer,  mm.  mercury 755.3 

Composition  of  gas,  per  cent : 

CO2 1.6 

0 1.8 

CO 4.6 

H • 52.2 

CH4 28.8 

Heavy  hydrocarbons 1.6 

N 9-4 

Average  composition  of  flue  gases,  per  cent : 

CO2 8  3 

0 3.24 

CO 

Excess  of  air 1.6  times 

Temperature    in    the    fire    chamber,    deg. 

cent./fahr 1425/2597 

Average  temperature  of  flue  gases  in  the 

flue,  deg.  cent./fahr 225/437 

Results: 

Output  of  steam  at  637  WE  (1146  B.t.u.) 

per  1  cbm  of  gas  kg/lb.  per  cu.  ft.  of  gas.  4 .  65/0 .  288 

Output  per  1  qm  of   heating  surface,  per  hr. 

kg/lb,  per  .sq.  ft 28.38/2.6 

Saturated  steam,  per  cent 77.6 

Superheated  steam,  per  cent 7.0 

Loss  through  conduction  and  radia- 
tion, per  cent 15.4 

Total,  per  cent 100 

Steam  Ejecto-Conden.ser.s  (Les  ejectn-condenseurs  a 
vapeur,  Professor  Aime  W'itz,  La  Technique  moderne,  vol. 
9,  no.  1,  p.  1.  July  1,  1914,  8  pp.,  14  fig.  dee).  The  arti- 
cle describes  various  types  of  steam  ejecto-condensers  mainly 
for  use  with  steam  turbines  such  as  the  Leblane,  Parsons, 
Korting  and  Delajiorte  apparatus.  The  main  interest  of 
the  article  lies  in  the  information  given  of  tests  of  the  latter 
type  made  by  the  author  at  the  plant  of  the  Breguet  Com- 
pany. The  apparatus  itself  know'n  under  the  name  of 
ejeetair  has  been  previously  described  in  The  Journal,  July 
1913.  p.  1183.  The  article  describes  the  experimental  in- 
stallation used  for  these  tests.  In  the  first  series  of  tests 
were  determined  the  characteristic  curves  of  the  operation 


of  the  ejeetair  under  different  temperatui'es  of  tiie  water 
at  exit  from  the  main  condenser  and  at  admission  into 
the  small  auxiliary  condenser  placed  between  the  two  ejec- 
tors. The  name  of  characteristic  curve  was  given  to  the 
curve  plotted  with  the  fall  of  vacuum  in  centimeters  of 
mercury  as  ordinates,  and  the  admission  of  supplementary 
air  in  kilograms  per  hour  as  abscissae.  These  curves  should 
be  plotted  within  the  regions  of  approximately  half  load 
and  full  load,  with  and  without  cooling;  the  fall  of  vacuum 
would  be  expressed  with  regard  to  the  theoretical  vacuum  as 
determined  by  the  difference  between  the  normal  barometric 
pressure  of  760  mm.  and  the  vapor  tension  corresponding 
to  the  temperature  of  water  in  the  condenser  in  millimeters 
of  mercury.  The  comparison  between  the  eljaracteristics  at 
half  load  and  at  full  load  should  have  brought  out  the 
well   known   theorem   that   the   fall   of   vacuum   referred   to 


Theoretical  Vacuum  corresponding  totheTemf; 
of  the  Water  drawn  from  ttie  Condenser 
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Fig.  7     Ch.vr.^ctebistic  Cubves  of  the  Del.iporte  Eject.\ib 

the  theoretical  vacuum  corresponding  to  a  given  tempera- 
ture of  water  flowing  out  from  the  condenser,  depends  only 
on  the  amount  of  air  admission  and  not  on  the  quantity  of 
steam  admitted  to  the  condenser.  This  tlieorem  assumes 
that  the  condenser  is  perfect.  Its  more  or  less  approx- 
imate verification  ougiit  to  give  a  basis  for  estimating  the 
degree  of  perfection  of  the  apparatus  and  its  practical 
value.  On  the  other  hand,  it  gives  a  criterion  of  the  pre- 
cision of  the  results  observed.  The  comparison  between  the 
curves  obtained  with  and  without  cooling  from  atop  brought 
ciut  another  iact.  namely,  that  in  carrying  the  curves  down 
to  the  origin  of  the  co-ordinates  by  means  of  an  extrapola- 
tion, which,  however,  should  not  be  excessive,  a  point  is  found 
where  the  action  of  the  cooler  is  zero.  At  this  point  there 
is  no  more  air  in  the  condenser,  and  the  abscissa  of  this 
point  gives  consequently  the  weight  of  air  brought  by  the 
water  of  injection.  At  this  point  also,  the  theoretical  vacuum 
is  obtained,  and  its  position  gives  a  new  point  of  control 
for  the  observations  made.  With  the  characteristics  hav- 
ing been  plotted  and  verified  in  this  manner,  the  values  for 
the  total  air  admission   can   be  deduced   in   grams  per  sec- 
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ond  and  per  horsepower,  and  the  percentage  of  the  vacuum 
actually  obtained  can  be  determined  as  a  function  of  the 
theoretical  vacuum  for  various  temperatures  of  water  in  the 
condenser.  These  new  results  give  very  interesting  graph- 
ical curves  obtained  by  using  as  ordinates  ihe  weight  of  air 
extricated  per  second  per  h.p.-hr.,  and  as  abscissa;  the  vacu- 
ums in  per  cent  of  the  theoretical  vacuum;  thus,  by  taking 
into  consideration  the  possible  utilization  of  the  calories  ex- 
pended in  the  apparatus  on  feeding  it  with  live  steam,  new 
curves  were  obtained  of  great  value.  The  author  gives  in 
considerable  detail  the  results  obtained  in  his  experiment 
both  in  tabular  form  and  in  curves.  On  account  of  lack 
of  space,  we  shall  reproduce  here  only  the  most  important 
curves.  In  figure  7.  curves  1,  2  and  3  are  eharaotoristic 
curves.  One  notices  that  curve  4  of  the  vacuum  taken  with 
water  coming  from  the  condenser  at  about  41  deg.  cent. 
(105.8   deg.    falir.)    and   for   the   purpose   of   cooling  water 


Fig.  8     Lollar  Boiler 

being  used  at  about  18.5  deg.  cent.  (05.3  deg.  fahr. )  re- 
mains for  a  long  time  above  curve  3  wliich  corresponds 
to  the  same  temperature  of  cooling  water  and  a  temperature 
of  40.5  deg.  cent.  (104.9  deg.  fahr.)  in  the  main  condenser. 
For  an  admission  of  air  of  4.5  kg.  (9.9  lb.  per  hr.),  the 
variation  is  about  18.5  mm.  The  two  curves  intersect  at 
the  origin  at  a  point  which  corresponds  strictly  to  the 
theoretical  vacuum  for  the  temperature  of  the  water  taken 
from  the  condenser  which  is  an  important  proof  of  the  pre- 
cision of  the  results  obtained.  This  point  of  intersection 
has  for  abscissa  the  value  of  —  1.5.  The  author  comes  to 
the  conclusion  that  this  expresses  the  admission  of  sup- 
plementary air  due  to  the  water  of  injection  in  the  con- 
denser and  perhaps  also  due  to  leakage  of  some  other  sort. 
In  order,  therefore,  to  find  the  total  air  admission,  the 
values  of  the  abscissa-  will  have  to  be  increased  by  1.5  kg. 
or  3.3  lb.  The  author  also  confirms  the  previously  known 
fact  that  the  admission  of  the  air  in  the  upper  part  of  the 
injector  produces  a  less  depressing  effect  than  when  the  air 
is  admitted  directly  into  the  condenser. 


Lollar  Boilers  and  Radiators  (LoUar-Kessel  und  Radi- 
atoren,  Pradel.  Zeits.  fur  Beleuchtungswesen,  Heizungs- 
I-iiftungs-Technik,  vol.  20,  no.  17.  de).  The  author  de- 
.scribes  the  so-called  Lollar  boilers  and  radiators,  a  type  of 
sectional  boilers  used  to  a  considerable  extent  in  Germany. 
While  coke  is  the  natural  fuel  for  this  type  of  boilers, 
boilers  have  been  also  built  for  use  with  brown  coal  and 
lignite  briquettes.  Fig.  8A  shows  tiie  efficiency  loss  through 
Hue  gases  and  draft  in  the  case  of  five  different  loads  on  the 
Ijoiler.  Figs.  B  and  C  show  the  construction  of  such  a  boiler 
designed  to  use  lignite  briquettes  and  generate  low  pressure 
steam.  Fig.  B  shows  the  boiler  in  actual  construction  and  Fig. 
C  with  the  front  section  removed.  The  main  advantage  of 
the  Lollar  briquette  boiler  consists  in  the  fact  that  the  firing 
is  done  on  the  half  gasification  principle,  the  gasification  of 
the  fuel  taking  place  on  an  inclined  grate  which  through 
constant  shaking  is  automatically  kept  free  from  clogging 
with  ashes.  The  auxiliary  air  is  preheated  to  a  very  high 
degree  before  it  reaches  the  combustion  chamber  and  on 
this  account  causes  the  complete  combustion  of  the  gases  in 
the  combustion  lying  above  the  grate.  This  combustion 
ciiamber  is  separated  from  the  boiler  by  plates  of  refrac- 
tory material.  The  admission  of  the  main  and  auxiliary  air 
of  combustion  occurs  through  a  common  fresh  air  valve 
operated  either  by  hand  or  by  a  separate  governor.  This 
arrangement  has  the  advantage  that  the  ratio  of  tlie  two 
kinds  of  air  admitted  remains  identical  at  all  times  and  for 
all  loads,  and  in  this  way  a  perfect  combustion  without 
soot  formation  is  secured  under  all  circumstances  independ- 
ently of  the  performance  of  the  attendance.  It  has  been 
many  times  found  that  the  gases  developed  during  the  com- 
bustion of  lignite  briquettes  are  apt  to  cause  explosions 
when  fresh  air  is  suddenly  admitted,  thus  endangering  the 
boiler  attendants.  In  order  to  prevent  the  occurrence  of 
such  explosions,  the  Lollar  boiler  is  provided,  as  shown  in 
Fig.  B,  with  the  screen  door  over  which  is  placed  the  charg- 
ing door  proper.  This  latter  is  connected  with  the  air  valve 
in  such  a  manner  that  when  it  is  opened,  the  air  valve  closes ; 
as  a  result  the  air  enters  in  a  state  of  fine  sub-division 
through  the  yet  closed  screen  door  and  such  gases  as  may 
have  been  present  in  the  charging  chamber  have  time  to  be 
quietly  consumed  before  the  screen  door  is  cpened  for  charg- 
ing the  fuel. 

Miscellanea 

Comparative  Tests  op  Mineral  Lubricating  Oils  with 
AN  Addition  of  1.5  per  cent  of  Oildag  {Vergleichende 
Vritersuchungen  von  Mineral-Sehmiardlen  mit  1.5  vH  Zusatz 
von  Oildaij,  A.  Saytzeff.  Zeits.  des  Vereines  detitscher  In- 
genieure,  vol.  58.  no.  29.  p.  1174,  SVo  pp.,  8  figs.  ce).  The 
article  gives  a  brief  account  of  tests  carried  out  in  the 
Laboratory  of  Applied  Meclianics  of  the  St.  Petersburg 
Polytechnic  Institute  in  the  Summer  of  191.3  on  the  use  in 
lubrication  of  pure  oil  and  oil  with  an  addtiion  of  1.5  per 
cent  of  Oildag.  The  oils  used  were  the  Gargoile  Dynamo 
Oil  E.  and  Etna  Engine  Oil  of  the  Vacuum  Oil  Company. 
The  tests  were  made  in  accordance  with  the  Petroff  proc- 
ess for  the  determination  of  the  coefficient  of  mternal  fric- 
tion ■r\.  and,  by  means  of  the  Martens  oil  testing  machine, 
for  the  determination  of  the  frictional  resistance  TT''  and 
the  coefficient  of  friction  /.  The  article  gives  the  data  ob- 
tained in  the  form  of  tables  and  curves.  It  was  found  that, 
as  compared  with  pure  dynamo  oils,  oil  with  an  addition  of 
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1.5  per  cent  Oiklag-  at  temperatures  above  '.iO  deg.  cent.  (S(i 
deg.  fahr.)  dift'ered  but  sligbtly  from  one  another  with  re- 
spect to  internal  friction ;  it  was  advisable  to  add  a  little 
Oildag  to  thin  oil,  mainly  when  the  bearings  begin  to  heat; 
the  mechanical  friction  of  thick  oils  was  reduced  by  about  7 
per  cent  by  the  addition  of  1.5  per  cent  of  Oildag.  In  every 
case,  the  addition  of  one  to  two  per  cent  of  Oildag  resulted 
in  material  reduction  of  the  consumption  of  lubricating  oil. 

ENGINEERING  SOCIETIES 

ASSOCIATION  OF  AMERICAN  STEEL  MANUFACTURERS 

As  the  publications  of  the  Association  were  not  avail- 
able at  the  time  of  making  the  abstract,  the  present  informa- 
tion has  been  taken  from  the  Industrial  IVurld,  vol.  48,  no. 
29,  July  20,  1914,  p.  857.  The  Association  of  American 
Steel  Manufacturers  has  printed  specifications  as  revised 
April  21,  as  follows: 

Structural  and  boiler  steel. 

Concrete  reinforcement  bars  rolled  from  billets. 

Rail  steel  concrete  reinforcement  bars. 

In  structural  and  boiler  steel,  the  principal  changes  are 
the  narrowing  of  the  tensile  range  for  tire  box  steel  from 
10,000  lb.  to  8,000  lb.,  and  new  tables  covering  the  per- 
missible variations  in  gage  and  weight  of  sheared  plates. 
These  tables  replace  tables  which  were  adopted  by  the  asso- 
ciation in  1896  and  which  have  since  been  widely  copied  into 
nearly  all  plate  specifications.  The  present  tables,  giving 
percentages  of  permissible  variation  up  and  down  respec- 
tively, according  to  different  thickness  and  widths  of  plates, 
refer  to  individual  plates  rather  than  to  averages.  The  sub- 
division as  regards  width  particularly  is  carried  out  in  much 
more  detail  than  in  the  old  tables. 

In  the  specifications  for  concrete  reinforcement,  bars 
rolled  from  billets  an  intermediate  grade  of  bars  has  been 
introduced,  with  a  tensile  strength  of  70,000  to  85,000  lb. 

In  the  rail  steel  reinforcement  specification,  paragraph 
5  (a)  reads  as  follows  respecting  tests: 

One  tensile  and  one  bending  test  shall  be  made  from  each 
lot  of  10  tons  or  less  of  each  size  of  bar  rolled  from  rails 
varying  not  mere  than  10  lb.  per  yd.  in  nominal  weight. 
Should  a  test  specimen  develop  flaws  or  should  the  tensile 
test  specimen  break  outside  the  middle  third  of  its  gaged 
length,  it  may  be  discarded  and  another  test  specimen  sub- 
stituted therefor.  In  case  a  tensile  specimen  does  not  meet 
the  specifications,  an  additional  test  may  be  made. 

ENGINEERING   ASSOCIATION   OF  THE   SOUTH 

Proceedings,  vol.  25,  no.  2,  April,  Maij  and  June  1914, 
Nashville 

Control  of  Mississippi  Floods,  Professor  W.  H.  Schuerman 
Report  of  Special  Committee  on  Nashville  Smoke  Ordinance, 

C.  H.  Simpson  (abstracted) 
Report  of  Special  Committee  on  Nashville  Smoke 
Oedinaxce,  C.  H.  Simpson  (24  pp.,  g).  The  article  pre- 
sents some  data  on  the  history  of  the  Nashville  smoke  ordin- 
ance as  well  as  the  text  of  that  ordinance.  One  of  the  fea- 
tures is  that  it  permits  dense  smoke  for  thirty  min.  of  the 
first  hour  in  which  the  boiler  is  being  fired  up  and  twelve 
min.  in  each  hour  following  should  it  be  necessary  to  clean 
out  or  start  a  new  fire.  At  the  present  time,  Nashville  has 
a   thoroughly   organized    Smoke   Department.      Any   person 


who  violates  any  of  the  |irovisions  of  the  smoke  ordinance 
except  as  otherwise  prcivideil  therein  shall  be  find  not  less 
than  15.00  and  not  mmc  tlian  .t25.00  for  each  offense. 

FRANKLIN   INSTITUTE 

Journal,  vol.  178,  no.  2,  August  lilli,  I'kiladelphia 
Modern   Research   in    the    Metallurgy    of    Iron,   Allerton    S. 

Cushman 
Producer  Gas  From  Low  Grade  Fuels,  R.  H.  Fernaid  (ab- 
stracted j 
Locomotive  .Supcriicaters  and  Their  Performance  (discus- 
sion, abstract  of  the  original  article  in  The  .Journal, 
August  1914,  p.  168) 
Producer  Gas  From  Low  Grade  Fuels,  R.  H.  Fernald 
(20  pp.,  20  figs.  de).  The  article  discusses  the  production 
of  producer  gas  from  low  grade  fuel  mainly  with  the  view 
of  indicating  the  commercial  conditions  influencing  the  in- 
stallation of  low  grade  fuel  producer  plants.  As  compared 
with  the  steam  plant,  the  producer  gas  installation  is  about 
twice  as  economical.  A  comparison  is  made  between  one 
of  the  most  efficient  steam  plants  in  this  country,  the  Inter- 
borough  Rapid  Transit  Company's  59th  Street  Power  Sta- 
tion in  New  York  City,  and  the  theoretical  gas  plant  de- 
vised on  the  same  scale  by  Mr.  Stott,  Superintendent  of 
Motive  Power  of  the  same  company.  In  the  steam  plant 
out  of  970  B.t.u.  put  into  the  furnace  100  B.t.u.  are  real- 
ized at  the  bus-bars.  In  the  gas  plant  in  order  to  realize 
100  B.t.u.  at  the  bus-bars,  465  B.t.u.  have  to  be  charged 
into  the  producer.  From  a  series  of  tests  of  a  number  of 
different  Illinois  coals,  a  comparison  of  the  quantity  of  fuel 
for  h.p-hr.  required  in  the  steam  plant  and  in  the  pro- 
ducer gas  plant  at  the  Bureau  of  Mines  showed  that  on  the 
average  the  former  required  2.6  times  as  much  as  the  latter. 
The  author  gives  detailed  data  of  the  distribution  of  heat 
in  typical  steam  and  gas  plants  and  passes  then  to  the  de- 
scription of  the  main  types  of  gas  producers  now  in  use  such 
as  the  suction  type,  the  up-draft  pressure  type,  the  down- 
draft  type  and  the  double  zone  type. 

INSTITUTION   OF   ELECTRICAL   ENGINEERS 

Journal,  vol.  ■'>2,  no.  236,  June  15,  191  i,  London 
The  Bonecourt  Boiler,  C.  D.  McCourt  (11  pp..  7  figs.). 
The  article  describes  what  is  known  as  the  Bonecourt  Boiler 
which  is  a  surface  combustion  boiler.  The  combustible  gas 
and  air  in  the  proportions  tiieoretically  required  for  com- 
plete combustion  are  intimately  mixed  together  so  as  to 
produce  a  homogeneous  gaseous  medium  which  is  then  de- 
livered at  a  high  speed  into  a  bed  of  refractory  material 
on  the  surface  of  which  combustion  takes  place  flamelessly. 
As  such  a  mixture  of  gas  and  air  is  explosive,  it  has  to  be 
supplied  to  the  granular  bed  at  a  speed  greater  than  the 
speed  at  which  the  mixture  will  ignite  in  a  backward  direc- 
tion. It  is  found  that  with  a  combustion  proceeding  in  this 
way,  the  proximity  qf  water  cooled  surfaces  has  no  hinder- 
ing effect  on  it  and  it  is  possible  to  arrang'e  the  granular 
bed  in  relation  to  the  water  space  as  to  obtain  the  maxi- 
mum possible  proximity  of  the  water  to  the  heat  zone.  As 
it  is  more  convenient  to  pack  the  interiors  of  the  tubes  with 
refractory  granules  than  to  surround  water  tubes  with  these 
granules,  the  multitubular  type  of  boiler  was  the  one  to 
which  this  system  has  first  been  applied.  The  boiler  tubes 
are  closed  at  their  entrance  ends  by  fire-clay  plugs  having 
holes  through  which  the  gas  mixture  passes.   The  holes  are  of 
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such  cross-section  that  tlie  speed  of  flow  of  tlie  mixture  is 
greater  tlian  its  speed  of  ignition.  In  order  to  cause  the 
gas  mixture  to  pass  through  the  apertures  in  tlie  fire-clay 
plugs  with  the  required  speed  and  to  enable  the  products  of 
combustion  to  overcome  the  resistance  offered  by  the  refract- 
ory jjaeking  in  the  boiler  tubes,  it  is  necessary  to  main- 
tain a  certain  dit>'erente  of  jsressure  between  the  opposite 
ends  of  the  boiler  tulies.  The  amount  of  this  pressure 
difference  required  will  depend  upon  the  rate  of  evapora- 
tion. In  general,  the  pressure  difference  of  15  in.  of  water 
gage  will  suffice  for  an  evaporation  of  20  lb.  of  water  from 
and  at  212  deg.  falir.  per  sq.  ft.  of  heating  surface  per  hr. 
With  an  increase  of  the  pressure  difference,  the  evaporation 
likewise  increases  and  it  is  found  that  the  evaporation  pro- 
duced is  proportional  to  tlie  square  root  of  the  pressure 
difference  which  is  ai)])lied.  This  pressure  difference  can 
be  obtained  in  one  of  two  ways,  either  by  supplying  the  mix- 
ture to  the  biiiler  tubes  under  a  positive  pressure  or  by 
drawing  away  the  products  of  combustion  at  the  exit  ends 
of  the  boiler  tubes  by  means  of  a  single  fan. 

As  regards  the  process  which  takes  place  in  a  boiler  tube 
of  this  type  of  boiler,  it  appears  that  the  temperature  in 
the  granular  packing  at  the  entrance  or  firing  end  of  the 
tube  will  approximate  the  calorific  intensity  of  the  gas  em- 
ployeil.  With  coal-gas  or  coke-oven  gas,  the  temperature 
at  this  |)oiiit  is  in  the  neighborliood  of  1800  deg.  cent.  (3272 
deg.  fahr.).  This  is  the  temperature  in  the  center  of  the 
cross-section  while  the  temperatuve  of  the  granules  in  eon- 
tact  with  the  tube  surface  is  very  niui-li  lower  so  that  the 
granular  packing  is  red-hot  or  white-hot  at  the  firing  end, 
but  its  temperature  decreases  \ev\  rapidly  along  the  tube. 
The  functions  of  the  granular  packing  are  as  follows:  in  the 
first  place,  the  red-hot  granules  serve  to  insure  absolute 
com|)letion  of  combustion  even  in  the  absence  of  any  air 
in  excess  of  the  theoretical  requirements;  in  the  second  place, 
they  radiate  heat  to  the  sides  of  the  containing  tube,  thus 
largely  accounting  for  the  larger  rate  of  heat  transmission 
obtained,  and  in  the  third  place,  the  grannies  even  in  that 
part  of  the  tube  where  the  temperature  is  so  low  as  to  pre- 
vent heat  being  communicated  to  any  noticeable  extent  by 
radiation,  serve  to  battle  the  combustion  products  and  hurl 
them  rapidly  and  with  violence  against  the  tube  walls,  thus 
increasing  the  heat  transmission  through  the  fact  of  the  hot 
gases  impinging  on  the  tube  surface.  For  a  given  kind  of 
packing  in  tlie  tubes,  there  must  be  provided  a  detinite  ratio 
between  the  length  and  bore  of  the  tubes  in  order  to  obtain 
sufficient  cooling  of  tiie  combustion  gases.  If  it  is  desired 
to  employ  longer  tubes  of  the  same  bore,  this  may  be  done 
without  sacrificing  considerations  of  economy  by  employing 
a  packing  material  of  a  more  open  nature  in  the  tubes.  As 
regards  heat  losses  in  the  boiler,  several  sources  of  these 
appearing  in  solid  fuel  boilers  do  not  have  to  be  considered 
in  the  surface  combustion  type,  and  in  a  Bonecourt  type 
the  combustion  products  leave  the  system  at  the  temperature 
of  about  110  deg.  cent.  (230  deg.  fahr.),  where  a  feed-water 
heater  is  employed  so  that  the  amount  of  heat  carried  away 
by  the  waste  gases  is  very  small,  while  owing  to  the  compact- 
ness of  the  plant,  the  radiation  loss  is  also  small,  amounting 
to  about  about  two  per  cent.  It  appears  therefore,  that  the 
heat  utilized  in  steam  generation  varies  from  94  to  95  per 
cent  of  the  heat  originally  available  in  the  gas  burned. 

The  author  describes  in  some  detail  the  plan  where  this 
type  of  boiler  is  used  as  a  link  in  the  system  of  generating 


power  from  coal  by  means  of  ammonia  recovery  gas  pro- 
ducers. In  the  described  plant,  conditions  were  established 
so  that  an  expensive  fuel  such  as  the  illuminating  gas  of 
London  is  advantageously  employed  for  steam  generation. 
The  boiler  is  8  ft.  long  and  3  ft.  6  in.  in  diameter  and  is 
provided  with  five  tubes,  each  of  0  in.  bore.  It  is  capable 
of  evaporating  about  2000  lb.  of  water  per  hr.,  and  is  used 
for  supplying  steam  to  a  steam  hammer.  The  advantages 
of  using  this  type  are  the  readiness  with  which  steam  can 
be  raised  when  wanted  for  the  hammer  and  the  immediate 
wanner  in  which  the  making  of  steam  responds  to  the  turn- 
ing on  and  off'  of  the  gas.  A  novel  type  of  construction 
has  been  adopted  for  this  boiler.  The  tubes  instead  of  be- 
ing of  unifonn  bore  throughout  contract  sharply  at  the 
entrance  end,  the  first  0  in.  of  the  tubes  being  only  of  such 
bore  as  is  required  for  the  supply  of  the  gas  mixture.  This 
type  of  construction  permits  of  dispensing  with  the  use  of 
the  fire-clay  plugs  and  the  first  part  of  the  tube  which  con- 
\eys  the  gas  to  the  fire-clay  packing  and  is  kept  cool  by  the 
water  in  the  boiler.  The  author  states  by  the  way  that  gran- 
ular packing  may  be  employed  for  the  purpose  of  increasing 
heat  transmission  in  so-called  waste  heat  boilers  where  the 
heating  medium  consists  of  products  of  combustion  from  a 
furnace  or  gas  engine.  There  is,  of  course,  no  surface  com- 
bustion in  the  tubes  of  this  kind  of  boiler  as  the  granular 
packing  serves  merely  to  increase  the  heat  transmission 
througli  the  walls  of  the  tube  by  radiating  heat  from  the 
hot  granules  and  also  bj-  causing  the  hot  gases  to  impinge 
repeatedly  on  the  tube  walls.  In  addition  to  the  gaseous 
fuel  or  hot  waste  gases,  Bonecourt  boilers  can  be  fired  also 
with  li(juid  fuel.  In  this  case  practically  the  same  proc- 
esses occur,  since  the  combustion  of  liquid  fuel  is  only  a 
special  case  of  gaseous  combustion :  when  liquid  fuel  burns, 
it  is  really  the  combustible  vapors  given  off'  by  it  that  are 
burned.  But  special  methods  for  securing  comjilete  combus- 
tion of  liquid  fuel  in  contact  with  or  in  close  proximity  to 
water  cooled  surfaces  have  to  be  developed  for  this  purpose. 
The  lioiler  which  is  now  used  in  the  works  of  Bonecourt 
Surface  Combustion,  Ltd..  in  London  is  5  ft.  in  diameter 
and  12  ft.  long  and  is  furnished  with  five  boiler  tubes,  each 
it  in.  bore.  The  boiler  tubes  are  ])acked  with  refractory  ma- 
terial arranged  on  the  staggered  plan.  The  liquid  fuel  is 
supplied  to  the  boiler  tubes  under  the  pressure  due  to  a 
head  of  aliout  12  ft.  The  air  required  for  the  combustion 
is  sui)]ilied  from  a  fan  at  the  pressure  of  from  5  to  30  in. 
water  gage,  the  t)il  being  sjjread  by  the  air.  There  is  at  the 
entrance  of  each  boiler  tube,  a  gasification  chamber  for  the 
spray  of  liquid  fuel.  The  purpose  of  this  chamber  is  to  gas- 
ify or  at  least  to  partly  gasify  the  liquid  fuel.  This  gasifica- 
tion is  brought  about  by  the  heat  of  the  chamber  and  the  i)ar- 
tial  combustion  of  tlie  liquid  fuel  which  later  serves  to  main- 
tain the  chamber  at  the  required  temperature.  The  cham- 
ber is  far  too  small  to  enable  comjilete  combustion  of  the 
fuel  to  take  place.  The  following  are  the  results  of  a  test 
carried  out  on  the  oil-fired  boiler  referred  to  at  the  London 
Woi'ks  of  the  Bonecourt  Company : 

Steam  pressure,  gage  (per  sq.  in.)..  .110  lb. 

Temperature  of  oil 80  deg.  fahr.  (27  deg.  cent.) 

Air  pre.';? ure 37  in.  of  water 

Pres.=ure  in  smoke-box 3  in.  of  water 

Temperature  of  combustion  pro- 
ducts leaving  boiler  tubes  and 
entering  feed-water  heatei 608  deg.  fahr.  (320  deg.  cent.) 
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Teini)erature  of  combustion  products 

leaving  feed-water  beater 275  deg.  fahr.  (135  dog.  cent.) 

Temperature  of  cold  feed 43  deg.  fahr.  (6  dog.  cent.) 

Temperature    of    feed    from    feed- 
water  heater  to  boiler 119  deg.  fahr.  (48  deg.  cent.) 

Duration  of  test 3  hr. 

Total  water  evaporated 7,625  lb. 

Water  evaporated  per  hr 2,542  lb. 

Water  evaporated  per  lir.  from  and 

at  212  deg.  fahr 3,085  lb. 

Total  tube  surface  (five  tubes  9-in. 

bore  12  ft.  long) 141  sq.  ft. 

Total  lieating  surface  of  boiler 123 . 7  sq.  ft. 

Steam  raised  per  sq.  ft.  of  heating 

surface  per  hr.  from  and  at  212 

deg.  fahr 25  lb. 

Total  oil  burned 545  lb. 

Oil  burned  per  hr 181.7  lb. 

Water  evaporated  from  and  at  212 

deg.  fahr.  per  lb.  of  oil 17 .0  lb. 

Net  calorific  value  of  oil  (per  lb.) .  .  17,800  B.T.U.'s 

WK  ■  7625  X  1175.9  X  100 

t/fnciency  = =92.5  per  cent 

545  X  17800 

A    continuous    sample    of    the    combustion    lu'odncts    was 
taken  <lnrint;  the  test,  and  was  found  to  aunlyze: 

Per  cent 

Carbon-dioxide 12 . 8 

Oxygen 3.4 

Carbon-monoxide 0.0 

Nitrogen 83.8 


lOU .  0 


The  points  which  characterize  this  boiler  may  be  enumer- 
ated as  follows: 

1.  Complete  combustion  of  the  oil,  no  pi'oduets  of  par- 
tial combustion  being  found  in  the  flue  gases. 

2.  The  air  required  for  complete  combustion  of  the  oil 
is  only  slightly  in  excess  of  the  theoretical  requirement. 

3.  Entire  absence  of  smoke  when  once  the  boiler  has  been 
started  up,  and  practically  no  smoke  while  starting. 

4.  The  oil  is  supplied  to  the  boiler  cold  and  at  a  very 
low  pressure,  the  air  supplied  for  the  combustion  being  suf- 
ficient to  effect  the  necessary  spraying  of  the  oil. 

5.  The  combustion  products  are  cooled  down  to  a  point 
below  which  further  cooling  would  scarcely  be  practicable  or 
economical. 

6.  An  evaporation  of  25  lb.  of  water  per  sq.  ft.  of  heating 
surface  per  hr. 

7.  The  effective  transmission  to  the  water  in  the  boiler  of 
92.5  per  cent  of  the  net  heat  available  in  the  oil  burned, 
even  when  evaporating  at  the  above  stated  high  rate. 

8.  Exact  and  immediate  regulation  of  steam  production. 

RAILWAY   CLUB   OF   PITTSBURGH 

\'ol.  IS,  nu.  : ,  May  22,  1914,  Pittsburgh,  Pa. 
Some  III  Effects  of  Boiler  Feed  W.^tees  and  Their 
Cai-se.s,  W.  a.  Converse  (40  pp.,  30  fig.  d).  The  article 
presents  a  very  comprehensive  discussion  of  ill  effects  of 
boiler  feed  waters  and  their  causes  covering  both  the  theory 
of  boiler  scale  formation  and  corrosion  and  some  of  the 
practice.  The  author  gives  also  a  number  of  analyses  of 
boiler  feed  water  and  discusses  the  action  of  such  waters 
in  the  light  thrown  on  its  composition  by  the  analytical  data. 
Thus,  in   one   case   he   finds  that   water   containing  quite   a 


large  amount  ot  carbonate  of  soda  (22.789  grains  per  gal.) 
produced  a  deleterious  effect  on  the  condition  of  the  gaskets. 
He  explains  that  this  was  due  to  the  fact  that  the  gaskets 
upon  the  market  to-day  are  largely  made  up  either  of  asbes- 
tos  or  asbestos   composition   or   of  rubber   or  rubber   com- 
position,  both    of   which   are   to   a   large   extent   soluble   in 
strong   alkaline  solutions.     Control   experiments   have   been 
made  and  have  shown  th.at  no  such  troubles  are  experienced 
where  water  is  used  containing  practically  the  same  amounts 
of   the   substances   other   than    the   soda   salts.     In    another 
analysis,  a  large  amount  of  suljihate  of  lime   (44.989  grains 
per  gal.)  was  found.     The  water  gave  rise  to  strong  forma- 
tion  ot  scale  and   in   addition   produced   serious   corrosion 
underneath  the  scale.     This  is  an  interesting  fact  because  it 
is  not  uncommon  to  find  that  an  assumption  is  made  to  the 
effect   that   boiler  scale   protects   the   metal   from   corrosion. 
This  may  be  true  in  most  cases  but  in  the  present  instance, 
it  was  found  that  under  the  layer  of  the  scale,  there  was 
an  action  going  on  identically  similar  to  that  of  sulphuric 
acid   upon   iron.     The  water  itself,   however,   was  not  acid 
and   contained   no   free   sulphuric   acid   which   consequently 
must  have  been  a  liberated  product.     It  would  appear  from 
the   investigation   thus  far  carried  on  that  the  sulphate  of 
lime  which  constituted  the  greater  part  of  the  scale  decom- 
posed at  a  temperature  reached  when  the  scale  had  become 
of  sufficient  thickness.     Sulphur  was  liberated  and  attacked 
metallic  iron.     The  sulphate  of  iron  formed  as  the  result  of 
initial    corrosion    being   a   very    unstable    salt,    broke    down 
under  the  action   of  temperature   and   moisture,   and  again 
liberated  sulphuric  acid,  leaving  behind  the  iron  in  the  form 
of   iron   oxide.     A   cyclic   or   continuous   action   took   place 
therefore,  and  a  comparatively  small  amount  of  sulphuric 
acid  produced  a  very  large  amount  of  corrosion.     The  proof 
that   the  process  occurred  substantially  as  above   described 
could  be  obtained  by  taking  into  consideration  that  sulphate 
of  lime  does  not  break   up   below   a   certain   temperature. 
When    accordingly,    by    means    of    mechanical    devices,    the 
scale  formation  in  the  boiler  in  which  the  experiment  was 
carried  on,  was  turbined  down  to  half  its  original  thickness 
and  kept  at  it,  it  was  found  that  no  corrosion  underneath 
the   scale   formation  took   place   as   the   temperature   at   the 
point  of  contact  was  kept  below  the  limit   of  liberation  of 
sulphuric   acid. 

In  the  next  analysis,  a  comparatively  large  amount  of 
suspended  matter  was  found  with  accompanying  foaming 
when  the  water  was  used  in  the  boiler.  An  experiment  was 
carried  on  for  the  purpose  of  determming  whether  or  not 
the  foaming  was  due  to  the  presence  of  precipitated  car- 
bonates. The  feed  water  was  treated  in  such  a  manner  as 
to  remove  about  one  half  of  the  carbonates  of  lime  and  mag- 
nesia, shown  by  analysis,  and  then  pumped  into  the  boiler: 
it  was  found  that  it  was  possible  to  operate  the  boiler  over 
a  period  of  60  days  with  no  trouble  from  foaming.  Further 
experiments  developed  the  fact  that  the  same  results  could 
be  obtained  by  changing  the  carbonates  into  other  substances 
by  chemical  reaction  at  a  much  lower  cost.  The  analysis  in 
the  same  instance  developed  that  the  presence  of  black  putty- 
like substance  in  the  cylinders  of  the  engine  was  due  to  the 
presence  of  carbonates  of  lime  and  magnesia  in  the  water 
since  this  substance  was  nothing  but  a  mixture  of  such  car- 
bonates with  cylinder  oil.  Since  oil  itself  carried  none  of 
them,  the  only  way  for  them  to  reach  the  cylinders  was  by 
being  carried  over  mechanically  with  the  steam.    This  trouble 
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can  also  be  overcome  by  changing  the  nature  of  the  precipi- 
tated substances  by  chemical  reaction. 

The  author  presents  further  analyses  wiiicli  conhrm  the 
contention  that  ill  effects  of  water  are  not  exclusively  at- 
tributable to  the  quantities  of  substances  contained,  but 
more  particularly  to  their  relative  amounts.  In  two  cases, 
water  contained  considerable  amounts  of  chloride  of  mag- 
nesia. In  one  case,  there  was  a  serious  corrosion  above  the 
water  line,  in  another,  there  was  none.  The  former  was 
clearly  due  to  the  decomposition  of  the  chloride  of  mag- 
nesia and  formation  of  a  veiy  dilute  solution  of  hydrochloric 
acid,  while  in  the  second  case,  corrosion  did  not  occur  be- 
cause along  witii  the  chloride  of  magnesia  there  was  a  con- 
siderable amount  of  carbonate  of  lime  present  which  com- 
bined with  the  hydrochloric  acid  liberated,  and  produced 
chloride  of  lime.  In  other  words,  there  may  be  in  the  water 
substances  neutralizing  the  injurious  action  of  other  sub- 
stances present. 

Further  analysis  establishes  the  interesting  fact  that  water 
may  contain  very  small  amounts  of  total  solid  matter  and 
still  be  entirely  unfitted  for  the  duties  of  boiler  feed  water. 
Water  containing  1.8  grains  per  gal.  of  total  solid  matter, 
or  apparently  an  ideal  water  for  boiler  purposes,  was  used 
in  a  stationary  plant  with  the  result  that  it  was  found  neces- 
sary to  replace  the  cold  water  portion  once  in  every  six  or 
seven  months  while  no  corrosion  took  place  in  the  boiler. 
An  investigation  w^as  carried  out  by  taking  four  samples  of 
■water  from  the  original  source  of  supply  near  the  inlet  to 
the  pipe  system,  near  the  outlet  of  the  system,  and  from 
the  pet-cock  at  the  bottom  of  the  water  column.  The  an- 
alysis showed  that  the  quantity  of  iron  contained  in  sample 
from  near  the  inlet  corresponded  with  that  contained  in 
the  sample  from  original  source  but  in  the  sample  from  near 
the  outlet,  two  and  a  half  times  as  much  iron  was  found 
which  showed  conclusively  that  the  water  dissolved  iron  in 
passing  through  the  pipe  system.  In  the  case  of  the  sample 
from  the  boiler,  there  was  found  a  large  amomit  of  iron 
held  in  suspension  but  the  same  amount  in  solution  as  was 
found  in  the  sample  taken  from  near  the  outlet  of  the  cold 
water  system  which  showed  that  in  passing  through  the  pipe 
in  question,  the  water  had  taken  up  as  much  iron  as  it  could 
hold  in  solution  and  did  not  exert  a  corrosi\e  action  on  the 
boiler  on  account  of  it  being  already  saturated.  The  author 
passes  then  to  a  discussion  of  the  ionic  theory  of  solutions 
and  its  bearing  on  corrosion  in  boilers. 

In  the  discussion  which  followed,  the  question  was  brought 
up  as  to  pitting  of  locomotive  boilers  which  had  been  taken 
out  of  service,  drained  and  set  aside  for  a  considerable  time. 
Locomotives  which  had  been  set  aside  and  filled  with  water 
remained  in  perfect  condition  at  the  end  of  the  same  period. 
The  speaker  explained  that  there  was  possibly  greater 
action  of  free  oxygen  when  the  boiler  was  left  open  with 
air  circulating  through  it.  Another  condition  that  might 
govern  in  this  case  is  the  permeation  of  the  air  in  the  empty 
boiler  with  sulphur  gases  always  present  in  the  atmosphere 
about  shops  where  much  coal  is  used  as  a  fuel.  It  is,  there- 
fore, as  a  general  rule,  a  much  safer  plan  to  keep  boilers 
filled  with  water  rather  than  leave  them  empty. 

ROYAL   SOCIETY 

Proceedings,  Series  A,  vol.  90,  no.  A  619,  Juhj  1,  1914, 
London 

On    the    Flow    of    Metals    under    Tjarge    Constant 


Stresses,  K.  N.  da  C.  Andrade  (15  pp.,  5  figs.  e).  The 
article  presents  the  data  of  a  research  having  for  its  object 
the  examination  of  the  general  laws  of  flow  in  metallic 
wires  when  extended  so  as  to  cover  the  region  of  large  per- 
manent set  by  stresses  kept  constant  throughout  the  flow. 
One  of  tiie  purposes  of  the  investigation  was  to  see  if  very 
pure  metals  behaved  in  the  same  way  as  commercial  metals, 
and  whether  it  was  true  that  the  non-viscous  character  of  the 
initial  part  of  the  extension  time  curve  was  due  to  im- 
purities. In  the  course  of  the  research  a  type  of  flow  not 
hereto  observed  was  found.  To  test  the  flow  under  con- 
stant stress,  the  device  of  the  hyperbolic  weight  was  em- 
ployed ;  by  the  use  of  such  a  weight  sinking  as  tlie  wire 
stretched  into  a  liquid  of  suitable  density,  the  effective  load 
was  diminished  in  such  a  way  that  the  stress  over  the  cross 
section  remained  constant  as  the  wire  thinned.  All  the 
metals  investigated  except  mercury  were  used  in  the  form 
of  wire  while  for  mercury  a  special  method  was  resorted 
to.  The  iron  and  copper  wires  were  carefully  annealed,  and 
after  this  treatment  gave  consistent  results.  It  was  found 
that  without  exception  all  the  single  metals  (not  alloys) 
ga\e  at  the  various  temperatures  investigated,  curves  of  ex- 
tension against  time  which  could  be  closely  represented  by 
the  formulae: 

1  =  1,  {I  J^  a  t\)  e^' 

by  assigning  suitable  values  to  the  constants.  The  constants 
l„,  /3,  and  I-  are  not  purely  artificial  but  have  a  physical 
processes  corresponding  to  each  one  of  them;  that  is  U  rep- 
resents the  immediate  length  of  loading,  ^  is  the  coefficient 
which  gives  a  measure  of  that  part  of  flow  whose  I'ate  de- 
creases as  the  time  increases,  and  k  measures  the  final  flow 
which  proceeds  viscously. 

The  curves  for  iron  at  444  deg.  cent,  resemljled  those  for 
lead  at  1(5  deg.  cent,  and  there  was  no  difference  of  type. 
The  main  result  of  this  part  of  the  work  was  to  show  that 
typical  metals  of  widely  different  nature  obeyed  the  same 
general  laws  of  flow  and  that  the  apparent  difference  of 
type  disappeared  when  a  wide  range  of  temperature  was 
considered.  The  higher  the  temperature  for  a  given  metal, 
the  more  the  viscous  type  of  flow  predominated.  Small  im- 
purities did  not  affect  the  general  type  of  extension  curves 
and  pure  mercury  at  —  78  deg.  cent,  had  much  the  same  curves 
as  soft  commercial  iron  at  444  deg.  cent.  It  has  been  fur- 
ther shown  that  for  metals  the  flow  tended  to  become 
in  every  case  finally  viscous  and  an  investigation  was  made 
to  discover  if  possible  what  change  was  produced  in  the 
metal  which  sets  it  in  a  condition  to  flow  viscously  and  how 
the  change  could  be  effected.  It  w^as  found  that  by  extend- 
ing the  wire  rapidly  under  a  large  stress  for  a  short  time  it 
could  be  put  in  a  condition  to  flow  viscously  from  the  start 
when  subject  to  a  smaller  stress.  The  more  rapid  the  pre- 
liminary extension,  the  smaller  the  rate  of  the  viscous  flow 
under  the  subsequent  smaller  stress.  It  has  also  been  found 
tliat  severe  preliminary  twisting  would  put  the  wire  in  a 
state  to  give  the  viscous  flow  almost  from  the  start.  With 
increasing  amount  of  preliminary  twist,  the  rate  of  flow 
first  of  all  decreased,  but  reached  a  minimum,  and  then  in- 
creased slowly,  probably  owing  to  tears  in  the  metal.  A 
twist  of  a  given  number  of  turns  was  more  effective  in  hard- 
ening the  metal  if  it  was  applied  half  in  the  one  direction 
and  then  half  in  the  other  than  if  it  were  applied  all  in  one 
direction. 
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PERSONAL  NOTES 

John  W.  Nickerson  has  accepted  a  position  with  the 
Cheney  Brothers  Silk  Mills,  in  South  Manchester,  Conn., 
as  industrial  engineer,  having  recently  resigned  from  a  sim- 
ilar position  with  the  Sayles  Bleaeheries,  Saylesville,  R.  I. 

S.  Warren  Potts  has  resigned  as  mechanical  engineer  of 
the  E.  W.  Bliss  Company,  Brooklyn,  to  accept  a  similar 
position  with  R.  Hoe  &  Company,  New  York. 

Lucius  L.  Moses  has  opened  an  office  as  consulting  engi- 
neer ui  Seattle.  Wash. 

Frederick  L.  Farrell  has  resigned  from  the  B.  F.  Sturte- 
vant  Company,  New  York,  to  enter  the  employ  of  the  Green 
Fuel  Economizer  Company,  also  of  New  York. 

Victor  E.  Schmiedeknecht,  designer  for  the  Aurora  Au- 
tomatic Machinery  Company  of  Chicago,  has  accepted  a  sim- 
ilar position  with  the  Pneumatic  Jack  Company,  Louisville, 
Ky. 

Henry  Martin  Leland  has  become  president  and  advisory 
manager  of  the  Cadillac  Motor  Car  Company,  Detroit,  Mich. 

Forrest  E.  Cardullo,  professor  of  mechanical  engineering 
at  New  Hampshire  College,  Durham,  N.  H.,  has  resigned  to 
take  a  position  in  the  University  of  Texas,  Austin,  Tex. 

Henry  E.  Longwell,  formerly  consulting  engineer  for  the 
Westinghouse  Machine  Company,  is  now  general  manager 
of  the  Westinghouse  Air  Spring  Company,  New  Haven, 
Conn. 

Ferdinand  Jehle,  formerly  associated  with  the  Commercial 
Engineering  Laboratories,  Detroit,  Mich.,  has  been  appointed 
laboratory  engineer  for  the  Automobile  Club  of  America, 
New  Y'ork  City. 

Samuel  S.  Webber,  recently  resigned  as  chief  engineer  of 
the  Trenton  Works  of  the  American  Steel  &  Wire  Company, 
Trenton,  N.  J.,  after  25  years  of  service. 

R.  E.  Chandler,  dean  of  engineering  of  the  Oklahoma 
Agricultural  and  Mechanical  College,  has  resigned  to  become 
head  of  the  mechanical  engineering  department  of  the  New 
Hampshire  College,  Durham,  N.  H. 

R.  H.  Danforth,  for  the  past  six  years  with  the  United 
States  Naval  Experiment  Station  and  the  post  graduate 
department  of  engineering  of  the  United  States  Naval 
Academy,  Annapolis,  has  been  appointed  professor  of  hy- 
draulics and  mechanics  at  the  Case  School  of  Applied  Sci- 
ence, Cleveland.  Ohio. 

W.  C.  Rowse,  who  has  been  experimental  engineer  with 
the  Cutler-Hammer  Manufacturing  Co.,  New  York,  since 
April  1913,  has  been  appointed  professor  of  mechanical  en- 
gineering at  the  LTniversity  of  Manitoba,  Winnipeg,  Mani- 
toba, Canada,  and  will  take  up  his  new  duties  September  1. 

Frederick  B.  Garrahan  has  severed  his  connections  with 
the  International  Nickel  Co.,  Bayonne,  N.  J.,  to  accept  the 
position  of  superintendent  in  charge  of  steam  shovel  work 
of  J.  N.  Bastress  &  Co.,  Fern  Glen,  Pa. 

EMPLOYMENT  BULLETIN 

Note:  In  sending  applications  stamps  should  be  en- 
closed for  forwarding. 

The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to 
be  the  medium  of  securing  positions  for  members,  and  is  pleased  to 
receive  requests  both  for  positions  and  for  men.  The  published 
notices  of  "  men  available  "  are  made  up  from  members  of  the  Soci- 
ety. Notices  are  not  repeated  except  upon  special  request.  Names 
and  records  are  kept  on  the  ofBce  list  three  months,  and  if  desired 
must  be  renewed  at  the  end  of  such  period.  Copy  for  the  Bulletin 
must  be  in  baud  before  the  12th  of  the  month. 

POSITIONS  AVAILABLE 

715  Small  factory  m  Massachusetts  building  box  ma- 
chinery and  saw  mills,  desires  superintendent.  Man  famil- 
iar with  modern  machine  shop  and  foundry  practice;  32  men 
employed. 

721     Technical   graduate,   with   some   experience   as   ma- 


chinist and  in  erecting  and  installing  machinery ;  headquar- 
ters Chicago.     Salary  about  .flOO  per  month. 

801  Lecturers  in  general  mechanical  engineering  subjects 
for  the  coming  season;  Canadian  LTniversity;  approximate 
salaries  $1250  \o  $1500. 

802  Assistant  engineer  for  small  concern  in  Eastern 
Pennsylvania,  to  have  charge  of  handling  of  orders,  estimat- 
ing, as^ist  chief  draftsman  in  interpreting  orders  and  cor- 
respondence, handling  of  all  correspondence  in  connection 
with  orders,  sales  records,  and  possibly  occasional  selling. 
Apply  by  letter. 

sol  Young  engineer  with  several  years  experience, 
wanted  for  condenser  department  of  Philadelphia  concern, 
to  lay  out  condenser  plants  and  make  necessary  estimates 
and  calculations.  Graduate  of  the  mechanical  engineering 
department  of  the  University  of  Pennsylvania  preferred. 
Apply  by  letter. 

805  Young  engineer,  recent  graduate  or  with  possibly  a 
year's  experience;  work  will  consist  of  boiler  tests,  gas  analy- 
ses, sampling  of  coal  and  ash,  and  possibly  some  steam  en- 
gine indicator  work  and  miscellaneous  testing.  Salary  sixty 
dollars  a  month. 

MEN    AVAILABLE 

1-900  Student  member,  eight  years  experience  mechanical 
drafting  room,  one  year  civil  engineering,  steel  works,  and 
two  and  one-half  years  superintendent  in  small  shops,  desires 
position  as  assistant  superintendent  in  large  shop  or  super- 
intendent in  small  shop. 

1-901  Graduate  mechanical  engineer,  age  30,  married,  at 
present  holding  responsible  executive  position,  jilant  mana- 
ger, with  small  manufacturing  concern,  desires  a  similar  po- 
sition or  one  as  assistant  to  superintendent  or  manager  with 
company  with  good  chance  for  advancement.  Six  and  one- 
half  years  varied  engineering  experience.  Specialty,  pressed 
steel  both  light  and  heavy. 

1-902  Associate-Member,  age  29,  experience  in  design 
and  development  of  marine  motors  and  gas  tractors,  boat 
building,  reconstruction  of  automobiles  and  trucks;  technical 
correspondent  and  systematizer ;  experimenting  and  investi- 
gating work.  Inventive  ability  along  practical  lines.  Posi- 
tion desired  as  designing  or  experimenting  engineer  or  execu- 
tive. Can  make  a  good  proposition  to  capitalist  to  develop 
marine  oil  engine  for  specialized  field. 

1-903  Member,  technical  graduate,  experienced  in  execu- 
tive work  of  large  corporations,  also  wide  training  in  the  re- 
quirements of  a  corporation  or  consulting  engineer  for  work 
such  as  design  of  power  plants  and  machinery,  their  con- 
struction, maintenance  and  operation,  purchasing  and  execu- 
tive charge  of  engineering  work.  Desires  a  position  as  works 
manager  or  superintendent. 

1-904  Graduate  mechanical  engineer,  age  28,  married, 
seven  years  experience  as  machinist,  toolmaker  and  master 
mechanic.  Desires  position  in  testing  work,  design  or  teach- 
ing. 

1-905  Member,  age  30,  mechanical  engineer,  14  years  ex- 
perience as  draftsman,  checker,  designer  and  manager,  last 
employed  as  American  representative  for  large  English  en- 
gineering firm  taking  entire  charge  of  sales,  advertising,  de- 
veloping new  ideas,  and  general  office  work.  Has  traveled 
all  over  United  States.  Desires  similar  position.  Can  fur- 
nish best  references.    Location  New  York. 

1-906  Member  with  education  and  experience  as  marine 
engineer  desires  to  communicate  with  any  persons  intending 
to  fit  out  sea-going  ships  under  the  American  flag  in  the 
present  European  crisis.  Is  profitably  employed  and  is  will- 
ing to  consider  only  a  more  profitable  connection. 

1-907  Junior,  graduate  mechanical  engineer,  two  years 
experience  in  power  plant  engineering  and  two  years  indus- 
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trial  engineering,  systematizing  and  managing  large  plant, 
desires  position  with  engineering  fii-m  or  in  industrial  plant. 

1-908  Junior  member,  M.  E.  Purdue  University,  age  26, 
careful,  painstaking,  progressive,  executive  ability,  three 
years  experience  in  machine  and  power  plant  design,  at  pres- 
ent and  for  past  year  in  charge  of  erection  and  equipment 
of  factory  buildings.  Desires  to  locate  permanently  with  re- 
liable concern  as  assistant  to  mechanical  engineer  or  works 
manager.    Best  references. 

1-909  Junior  member,  graduate  mechanical  engineer,  age 
27,  three  years  drafting  and  general  engineering  experience, 
desires  position  with  engineering  or  construction  company. 
Salary  $100  per  month.    Location  immaterial. 

1-910  Member,  mechanic,  designer,  organizer  and  execu- 
tive, good  ability,  practical  experience,  interested  in  devising 
methods  for  reduction  of  manufacturing  costs,  desires  posi- 
tion along  these  lines  with  pi-ogressive  company,  or  would 
join  smaller  company  in  position  requiring  all-round  experi- 
ence. 

1-911  Member,  mechanical  engineer,  twenty  years  ex- 
perience in  power  plants,  heating,  ventilating,  plumbing,  ma- 
chine tools,  refrigerating  machines,  gas  and  oil  engines  and 
general  engineering  work,  inventive  and  executive  ability, 
English,  French  and  German  eon-espondent,  desires  position 
with  consulting  engineers.  Salary  $3000.  Location  New 
York  or  vicinity. 

1-912  Junior,  M.  E.,  age  24,  experienced  in  design  high 
grade  stationary  machinery,  engines,  hoists,  compressors, 
blowers,  pumps  and  condensers,  desires  position  where  this 
experience  will  be  of  value.  At  present  employed  but  de- 
sires to  locate  in  New  York  or  vicinity. 

1-913  Member,  age  32,  12  years  experience,  desires  posi- 
tion as  executive  or  mechanical  engineer.  Can  take  fuU  charge 
of  engineering  department  with  concern  that  wants  results 
and  where  there  is  opportunity  to  advance.  Salary  $2700- 
3000.    At  present  employed. 

1-914  Student  member,  age  25,  experience  in  gas  engine 
work  as  tester,  experimental,  and  assistant  engineer  with  one 
of  the  oldest  and  largest  concerns  in  the  country,  desires 
position  with  gas  engine  manufacturing  company,  preferably 
small,  along  these  lines. 

1-915  Sales  engineer,  technical  graduate,  ten  years  ex- 
perience in  successful  plant  operation  and  management,  de- 
sires position  in  steam,  hydraulic  and  mill  equipment.  Sal- 
ary and  commission.     At  present  employed. 

1-916  Junior,  technical  graduate,  age  25,  man-ied,  five 
years  experience  in  shop  and  office  on  light  machinery  and 
electrical  specialties,  desires  executive  position.  Salary  sec- 
ondary consideration  if  opportunity  for  advancement  is  good. 

1-917  Member,  mechanical  engineer,  graduate  of  leading 
technical  school,  five  years'  experience  in  machine  shop  as 
machine  designer;  twelve  years  experience  as  patent  attor- 
ney, has  been  admitted  to  Bar.  Desires  position  of  respon- 
sibility in  patent  law  department  of  manufacturing  company. 
Some  inventive  ability. 

1-918  Junior,  age  38,  broad  experience  in  handling  high 
grade  mechanical  specialties  and  acquaintance  in  manufac- 
turing and  engineering  fields,  desires  to  represent  manufac- 
turer in  East  or  Middle  West. 

1-919  Junior,  age  27,  graduate  mechanical  engineer,  four 
years  experience  in  general  plant  work,  including  drafting 
room  and  sliop,  desires  position  with  chance  for  advancement. 
At  present  employed, 

1-920  Mechanical  engineer,  ten  years  experience  drafting 
and  machine  design,  last  four  years  experimental  work,  de- 
sires position  along  these  lines,  or  as  chief  engineer,  assistant 
to  superintendent  or  outside  man. 

1-921     Mechanical  engineer,  age  30,  experienced  in  pumps 


and  pumping  machinery,  gasolene,  oil  and  steam  engines, 
sugar  house  machinery,  drawing  and  erection  room,  also 
sales  experience,  desires  responsible  position. 

1-922  Member  with  exceptional  mechanical  and  electrical 
technical  training,  five  years  experience  in  research  work 
on  steam  turbines  and  centrifugal  air  compressors,  five  years 
chief  engineer  complete  charge  of  designing,  manufacturing, 
testing  and  installing  vacuum  cleaner  systems,  including  de- 
velopment of  portable  and  stationary  vacuum  cleaning  ma- 
chines, desires  position  where  his  experience  and  training 
can  be  applied.    Development  engineering  preferred. 

1-923  Junior,  age  27,  technical  graduate,  nine  years  ex- 
perience in  drafting  and  design  of  steam  power  and  indus- 
trial plants,  heating  and  ventilating  .systems,  also  testing, 
desires  position  with  broader  outlook  as  nieelianical  engineer 
or  assistant  to  superintendent  of  industrial  firm.  At  present 
employed.     East  or  Middle  West  preferred. 

1-924  Stevens  graduate,  age  23,  past  thirteen  months  with 
large  steel  company,  desires  position  with  industrial  engi- 
neers or  as  assistant  to  manager  of  an  industrial  concern. 

1-925  Member,  Cornell  graduate,  two  years  post  graduate 
study  in  Germany,  age  39,  four  years  experience  as  in- 
structor and  ten  years  as  designer  of  steam  engines  and 
steam  turbines,  desires  position  as  assistant  professor  of 
mechanical  engineering. 

1-926  Member,  technical  graduate,  age  35,  with  shop,  de- 
sign, sales  and  management  experience,  wide  acquaintance 
with  manufacturers  in  New  England  and  having  an  estab- 
lished office  in  one  of  the  leading  manufacturing  cities  in 
Connecticut,  desires  to  act  as  manufacturers'  agent  for  re- 
sponsible companies. 

1-927  Graduate  University  of  Cincinnati,  age  24,  four 
years  experience  as  machinist,  foundry  experience,  and  one 
year's  experience  in  power  plan  construction  and  design, 
would  consider  position  with  good  chance  for  advancement, 
or  as  instructor  in  engineering  or  technical  school. 

1-928  Junior,  age  32,  technical  graduate,  post  graduate 
course  with  large  electric  works,  twelve  yeare  experience  in 
design,  construction  and  operation  of  power  houses  and  sub- 
stations, experienced  in  high  voltage  design  and  construction. 
Best  references  as  to  character  and  ability.  Salary  ,$200. 
Location  New  York. 

1-929  Technical  graduate,  age  33,  ten  years  experience  in 
light  metal  manufacturing  and  foundry  work;  thoroughly 
familiar  with  modern  and  economic  methods  of  shop  man- 
agement, seeks  position  as  superintendent,  preferably  with 
large  company.     At  present  employed. 

1-930  Mechanical  engineer,  ten  years  wide  and  varied  ex- 
perience in  the  lines  of  heavy  and  special  machinery,  also 
general  manufacturing  and  maintenance  work.  Designing, 
testing  and  demonstration  experience. 

1-931  M.  I.  T.  graduate  in  mechanical  engineering,  post 
graduate  course  in  electrical  engineering,  twenty  years  ex- 
perience in  design  and  construction  of  machinery  and  build- 
ings, manufacturing,  systematizing  and  accounting,  desires 
permanent  position. 

1-932  Mechanical  engineer,  fifteen  years  experience  shop 
work,  road  work,  power  plant  operation,  design  and  testing, 
special,  and  automatic  machinery,  also  heating,  desires  posi- 
tion in  the  East. 

1-933  Factory  superintendent  or  foreman,  conversant 
with  modern  shop  practice,  executive  and  meclianicnl  ability; 
twelve  years  practical  experience  production  efficiency, 
maintenance  and  operation  of  industrial  plants  and  equip- 
ment and  systematizing  of  shops.     Location  immaterial. 

1-934  Student  member,  M.  E.  1911,  desires  position  in 
shop  of  manufacturing  concern  with  view  to  entering  sales 
department. 
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1-935  Associate-Member  thoroughly  familiar  with  large 
compouDcl  condensing  and  non-condensing  Corliss  engines, 
also  steam  engine  indicator  practice,  desires  position  as  con- 
struction or  operating  engineer. 

1-936  Electrical  and  mechanical  engineer,  38,  first-class 
executive,  who  has  headed  large  organizations,  both  in  con- 
structional and  manufacturing  work,  charge  of  important 
government  work.  Experienced  in  sales  organization,  ag- 
gressive and  a  good  developer.  Desires  position  with  manu- 
facturing or  construction  company.  Apply  through  the 
Society. 

1-937  Cornell  graduate,  mechanical  and  electrical  engi- 
neer with  fourteen  years  broad  experience  in  the  design, 
erection,  operation  and  appraisal  of  public  service  and  in- 
dustrial properties,  factory  operation  and  maintenance;  and 
sales  engineering.  Desires  a  permanent  position  with  con- 
sulting engineers  or  manufacturing  company  in  or  near  New- 
York  City.     Appraisal  engineering  preferred. 

1-938  Student  Member,  age  23,  graduate  of  Middle  West 
University,  1914  M.  E.,  experience  as  machinist,  mechanical 
draftsman  and  rate  setter,  desires  position  as  assistant  to 
superintendent  or  to  manager  of  some  industrial  concern. 
Location  immaterial. 

1-939  Member,  for  the  past  13  years  connected  in  various 
capacities  with  the  operation,  extension  and  improvement  of 
steam  power  plant  systems  and  with  successful  record,  de- 
sires to  connect,  preferably  with  an  industrial  concern  wish- 
ing to  employ  a  high  grade  engineer  capable  of  operating 
a  similar  plant  or  chain  of  plants  to  best  advantage  and  ana- 
lytically treating  economical  development.  Age  35.  Mar- 
ried.    At  present  employed. 

1-940  Managing  sales  engineer,  open  for  contract  to 
build  up  business  with  New  Y'ork  as  headquarters.  Has  spe- 
cialized in  power  plant  equipment,  contractors  and  convey- 
ing machinery.  Practical  shop  and  field  experience ;  diplo- 
matic and  progressive. 

1-941  Member,  technical  graduate,  several  years  experi- 
ence designing,  testing  and  erecting,  desires  position  as  chief 
draftsman,  mechanical  engineer  or  designer  of  steam  pumps, 
simplex  or  duplex.     At  present  employed. 

1-942  Member,  age  43,  married.  Three  years  at  !Mass. 
Inst.  Tech.,  thoroughly  experienced  in  railway  car  designing 
and  building.  All  positions  from  draftsman  to  proprietor. 
Thorough  knowledge  of  export  business,  3  years  in  South 
America  as  salesman.     Best  references. 

1-943  Member,  technical  graduate;  37  years  of  age;  15 
years  experience  in  teaching  Manual  Arts  subjects,  drawing 
and  machine  design,  kinematics  of  machinery,  building  con- 
struction, steel  and  concrete  construction,  steam  and  other 
engineering  subjects,  desires  to  correspond  with  progressive 
concerns  contemplating  the  engagement  of  a  sales  engineer. 
Exceptionally  well-fitted  both  in  training  and  personality 
for  such  a  position.     Location,  preferably  Eastern  States. 

1-944  Member,  technical  graduate,  twelve  years  experi- 
ence design  and  installation  of  power  plants,  heating  and 
ventilating  systems  and  shop  equipments. 

1-945  Junior,  technical  graduate  with  experience  in 
shops,  drafting  room,  test  plant,  engineering  and  erection 
departments  of  large  manufacturing  concern,  desires  posi- 
tion with  engineering  or  manufacturing  concern. 

1-946  South  American  Markets.  Mechanical  and  elec- 
trical engineer,  nine  years  with  large  corporation,  bi'oad  en- 
gineering and  responsible  executive  experience,  can  arrange 
to  go  to  South  America  with  South  American  gentleman 
speaking  Spanish  fluently  and  familiar  with  business  and 
social  customs  of  those  countries,  for  the  purpose  of  investi- 
gating South  American  markets.  Exceptional  opportunity 
for  American  manufacturers. 
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struction   of    Steel    Full    Postal    Cars,    and    Fixtures 

Therein. 
Utilization  of  Wood-Waste,  Ernst  Hubbard.     Translated 

from  the  German  by  M.  J.  Salter.     London,  1903. 
Wahrscheinlichkeitsrechnung,  Emanuel   Czuber.     ed.  2 

vols.  1-2.    Leipzig,  190S,  1910. 
AVood  Products,  Distillates  and  Extracts,  P.  Dumesny 

and  J.  Noyer.    London,  190S. 

trade  catalogues 

Best  Manufacturing  Co.,  Pittsburgh,  Pa.      Catalog    and 

hand  book  of  piping  materials  fur  steam,  air,  hydrau- 
lic, uo.  103,  1912. 
Clinton   Wire   Cloth    Co.,   Clinton,  Mass.     Steel  Fabric, 

May,  1914. 
Deutsche  Maschinenfabrik  A.  G.,    Duisburg,    Germany. 

Founders  and  managers  of  our  works,  past  and  present, 

90  pp. 
Gartenfeld  Cable  Works,  description  of.     Gift  of  K.  G. 

Frank. 
Heine  Safety  Boiler  Co.,  St.  Louis,  Mo.    Boiler  Logic,  28 

pp. ;   Superheater  Logic,  11   pp. :   large  Heine  boilers, 

4  pp. 
H.   W.  Johns-Manville  Co.,  Cleveland,  0.     J.-M.  Power 

Expert,   June.   1914;    .J.-M.    Roofing    Salesman,    June, 

1914. 
Koehring  Machine  Co.,  Milwaukee,  Wis.    Koehring  mixer, 

June-July  1914. 
Leschen,  a.,  &  Sons  Rope  Co.,  .St.  Louis,  Mo.     Leschen's 

Hercules,  June,  1914. 
Pels,  Henry  &  Co.,  London,  Eng.     List  55,  Hand  Lever, 

punching,  shearing  and  cropping  machines. 


THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

ABRIDGED  LIST  OF  OFFICERS  AND  COMMITTEE  CHAIRMEN' 
James  Hartness,  President  Calvin  W.  Rice,  Secretary 


R.  M.  Dixon,  Finance  Committee 

II.  R.  CoBLEiGH,  House  Committee 

Leonard  Waldo,  Library  Committee 

L.  P.  Alford,  Committee  on  Meetings 

TheO.  Stebbins,  Committee  on  Membership 

C.  I.  Earll,  Publication  Committee 

Fred  J.  Miller.  Public  Relations  Committee 

R.  H.  Rice.  Research  Committee 

Jesse  M.  Smith.  Committee  on  Constitution  and  Bv-Laws 


1  a  complete  list  of  the  ofEcers  aud  committees  of  the  Society  will  be  found  in 
the  Year  Book  for  1914.  and  in  the  January  and  July  1914  issues  of  The 
Journal 


LOCAL  meetings 
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Boston:  R.  E.  Curtis 
Buffalo:  David  Bell 
Chicago:  S.  G.  Neiler 
Cincinnati:  J.  B.  Stan  wood 
Milwaukee:  E.  P.  Worden 
Minnesota:  Max  Toltz 
New  Haven :  H.  B.  Sargent 
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Philadelphia:  H.  E.  Ehlers 
San  Francisco:  Robert  Sibley 
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THE  WARNER  &  SWASEY  COMPANY 

Works  and  Main  Office:  CLEVELAND 

Branch  omces:    NEW   YORK        BOSTON        BUFFALO        DETROIT    and    CHICAGO 
UNIVERSAL  HOLLOW-HEXAGON  TURRET  LATHES  TURRET  SCREW  MACHINES  BRASS-WORKING  MACHINE  TOOLS 


Turret 

Screw 

Machines 

For  more  than  a  quarter 
of  a  century  representing- 
the  highest  standard  of 
construction. 


SIZES — ?'8  to  35^"  bar  capacity: 
10  to  20  "  swing. 


Turret  Lathe  equipments  planned. 
Estimates  of  output  furnished. 
Representative  ix,tU  iisit  \ou 


Equipped  for  highly  specialized  manufac- 
ture, in  large  or  small  lots;  or  for  general 
work,   as   may   be   desired. 
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TRADE  MARK 


BRISTOL'S   RECORDERS 


R  EG.  U.  S.   PAT.    office:. 


Eliminate    Guesswork    and    Increase    Efficiency 

Modern  methods  of  scientific  management  have  settled  beyond  all  question  that  the  use  of  Recording 
Instruments  is  indispensable  in  order  to  secure  the  highest  efficiency  and  economy  results. 

The  difference  between  the  use  and  non-use  of  recorders  is  the  difference  between  guesswork  and 
certainty. 

BRISTOL'S  RECORDERS  cover  the  field  completely.  Wherever  there's  an  operation  where  the 
choice  lies  between  approximate  judging  or  definite  certaint}',  there's  a  BRISTOL'S  RECORDING 
INSTRUMENT  designed  to  reflect  the  true  story  of  facts. 

BRISTOL'S  RECORDERS  are  made  for  Pressure,  Temperature,  Electricity,  Time,  Motion,  Speed, 
Humidity,  Rate  of  Flow,  etc.  There's  a  simplicity  about  BRISTOL'S  RECORDING  INSTRUMENTS 
which  places  them  in  a  class  by  themselves — an  accuracy  which  is  dependable — a  quality  which  is  known 
and  recognized  wherever  Recording  Instruments  are  used. 

Write  for  Bulletin  C-i6i. 


THE    BRISTOL    COMPANY 


Waterbury,    Conn.,    U.  S.  A. 


Are   You    Responsible? 

TS  your  O.K.  desired  when  a  new  turret  lathe  is  under  consid- 
-^    eration?      If  so,  this  information  will  be  of  interest  to  you. 

The  present  day  requirements  demand  something  more  than  a 
lathe  fitted   up   with   a  turret. 

There  are  several  makes  of  turret  lathes  on  the  market,  and  they  differ  as  widely  as 
high  speed  cutting  steels;  therefore,  it  is  but  justice  to  yourself  to  carefully  note  this 
information,  and  refer  to  it  before  putting  your  O.  K.  on  the  order. 

The  object  of  a  turret  lathe  is  to  reduce  the  time  and  cost  per  unit  by  reducing  the 
number  of  operations,  eliminating  waste  motion,  superfluous  operating  parts  and  reduce 
the  operator's  movements  to  a  minimum  by  ha\ing  all  operating  parts  in  the  most 
accessible  place.  Simplicity  of  construction  offsets  the  heavy  repair  bills  and  idle 
machinery. 

Every  feature  that  tends  to  reduce  the  cost  per  unit  and  cost  of  upkeep,  and  improve 
the  quality  of  workmanship  adds  a  point  to  the  usefulness  of  the  machine  and,  what  is 
very  important  to  you — these  points  figure  strongly  in  your  estimates. 

These  are  the  points  which  govern  the  decision  of  the  experienced  buyer  or  mechanic — 
they  are  the  points  on  which  the  known  reputation  of  the  Jones  &  Lamson  Co.  was  built. 

On  pages  2  and  3  of  the  August  issue  of  the  Journal  of  the  American  Society  of  Mechani- 
cal Engineers,  features  of  the  Cross  Sliding  Head  were  described. 

Some  important  features  of  Turret  construction  are  given  on  the  next  page. 


7S/ 


TURRET  TURN/NG  RACK. 
2S063        J-JO^B. 


RATCHET  PIN,  SSe. 

ausMi/vs,  seo. 

^PR/I^G.  /033. 


TURRET    BUSH/NG, 
S7S 


STOCK  STOR 

z:  CSS7. 

J:  C-/67. 


LATCH. 
£f*S. 
STOP  CONTROLLC/^.  T-QI/*. 


Simplicity  of  Construction 

NINE  changes  of  feed  of  the  Cross  Sliding  Head  and  Turret,  with  a  slight  shift  of  the  single  control- 
ling lever  shown  in  both  positions  on  the  opposite  page.     The  head  and  turret  carriage  have 
independent  stops  and  feed  release. 
All  operating  parts  are  within  reach  of  the  operator  and  arranged  so  both  hands  may  be  used  on  different 
operating  parts  without  interference, — an  important  feature. 

The  turret  mechanism  on  all  turret  lathes  is  subject  to  severe  duty  and  unless  the  mechanism  is  simple 
and  strong,  and  the  mechanical  principle  correct,  constant  trouble  in  the  form  of  inaccurate  workman- 
ship and  repairs  is  the  inevitable  result,  and  this  trouble  increases  with  the  age  of  the  machine. 

Look  at  the  construction  of  this  turret  mechanism.  Note  the  simple  mechanical  principle,  positive 
action  and  indestructible  parts — nothing  complicated — nothing  frail  and  nothing  to  get  out  of  order. 

When  the  turret  carriage  is  thrown  backward  the  projecting  end  of  the  "turret  turning  rack"  {see 
drawing  for  names  and  numbers)  engages  with  a  stop,  and  cam  "2068"  rides  on  the  under  surface  of  the 
"turret  turning  rack,"  forcing  the  "locking  pin  lever"  and  the  "turret  locking  pin"  down.  A  spring 
latch  automatically  grips  and  holds  them  in  this  position  while  the  "ratchet  gear  2062"  engages  with 
the  rack  teeth  of  the  "turret  turning  rack"  and  revolves  the  turret  to  the  next  tool  position,  where 
the  latch  is  automatically  released  by  the  "trip  screw"  (shown  in  small  section  view).  When  the  latch 
is  released  a  strong  spring  instantly  forces  the  tapered  "turret  locking  pin"  upward  and  firmly  locks 
the  turret  until  the  next  position  is  desired.  Nothing  could  be  more  simple,  accurate  or  durable  for 
this  purpose.     These  and  many  other  superior  features  are  found  on  the  Jones  &  Lamson  Turret  Lathes. 

JONES    &    LAMSON    MACHINE  COMPANY 

Springfield,  Vermont,  U.  S.  A.,  and  97  Queen  Victoria  Street,  London,  E.  C. 

Germany,  HoUand,  Switzerland  and  .Austria-Hungary:  M.  Koyemann,  Charlottenstrasse  112,  Dusseldorf,  Germany. 
France,  Spain  and  Belgium:  F.  Auberly  &  Co.,  91  Rue  de  Maubeuge,  Paris.     Italy:  W.  Vogel,  Milan. 
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Drying   Problems 
May  Confront  You 


V 


acuum 


D 


Our 


rying 


A 


pparatus 


removes  moisture,  at  lowest  temperature,  rapidly,  thoroug-hly, 
uniformly,  economically.  Thirty  years  of  experience  in  this 
one   field   of   activity  cannot   help  but   be   of  value  to  you. 


The    thousands    of    installations  in  daily  operation  and  the  many 
repeat  orders  are  the  best  evidence  of  our  claims  to  be  of  service. 

J.  P.  DEVINE  CO. 


1372  Clinton  Street 


Buffalo,  N.  Y. 


HeatTrQnamission 
/Ipparatus 

for  variaus  induslries  and  marine  purposes 


A.     HEATING  AND  COOLING  LIQUIDS         ^ 


WATER  HEATERS 

1.  Closed  type  Boiler  Feed  Water  Heaters. 

2.  Domestic,  for  Hotels,  Apartment  Houses,  etc.  ^ 
_       _    _      _                      3.    Water  Heaters  for  Industrial   Purposes— Laun- 
dries, Dye  Works,  etc. 

^  WATER  COOLERS 

J  1.     Re-cooling  Water  for  Internal  Combustion  Engines.  > 

OIL  HEATERS 
L    Heating  Fuel  Oil.  f 

J  2.     Heating  Oil  in  manufacturing  processes. 

OIL  COOLERS 

^  I.     Re-cooling  Turbine  Bearing  Lubricating  Oil.  r 

.  2.    Re-cooling  oil  used  for  cooling  pistons  and  bear- 

d  ings  of  internal  combustion  engines. 

_      _    _  3.    Re-cooling  Electric  Transformer  Oil. 

^  4.    Re-cooling  oil  from  steel  quenching  tanks.  f 

B.    HEATING  AND  COOLING  GASES  w 


L    Combined    Heating,    Cooling    and    Ventilating 
Thermofans. 

2.  Air  heating  by  steam  for  drying  and  heating.  . 

3.  Air  cooling  by  brine  or  cold  water. 

C.    EVAPORATORS  AND  DISTILLERS  ' 


1.     lor  producing  boiler  feed  make-up  and  potable 
water  from  salt  or  other  impure  water. 

D.    CONDENSING  '' 


1.  Auxiliary  Steam  Condensers. 

J  2.  Industrial  Vapor  Condensers. 

,  3.  Natural  Gas  Condensers. 

^    ^^^  i 

Schutte  SKoErting  Cd. 

Pipe /Ipparatus  Dept., 

^    Phil-  '    '    '  • 
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OneBlMlPCanProaace 


Boiler  Horse  Power  and  Output  Capacity 
No  Longer  Bear  A  Fixed  Relation — 

Formerly  a  more  or  less  definite  equation  of  1  b.h.p.  =  1.25  kw.  or 
1  b.h.p.  =  1.5  kw.  was  assumed  in  planning  a  power  station. 
But  look  over  the  central  stations  today.  The  turbine  and  improved 
systems  of  combustion  have  broken  down  that  fixed  relation — ratios 
of  b.h.p.  to  kilowatts  are  being  secured  that  would  have  dumbfounded 
the  mechanical  world  a  few  years  gone. 

And  it  is  significant  that  most  of  the  remarkable  cases  of  wide  dis- 
crepancy between  installed  boiler  horse  power  and  kilowatt  output 
(obtained  or  planned)  are  in  plants  fired  by 


'kKrOoker 


•n 


For  instance,  the  original  ratio  at  New  York  Edison  Waterside  No.  2,  of  1.5  kw. 
per  boiler  horse  power,  lias  been  increased  by  TAYLOR  STOKERS  to  4.2.  At  the 
new  South  Boston  Station  of  the  Boston  Elevated  TAYLOR  STOKERS  have  estab- 
lished a  ratio  of  3.2.  The  planned  ratio  at  the  new  TAYLOR  STOKERED  201st 
Street  Station  of  the  United  Electric  Light  and  Power  Company  is  4.7,  while  the 
12-2365  h.p.  boilers  at  the  Delray  Station  of  the  Detroit  Edison  will  be  fired  by 
TAYLOR  STOKERS  to  produce  a  ratio  of  4.22— in  emergencies  5.65. 

Please  note  also  that  there  is  another  point  clinching  the  argument  in  favor  of 
T.\YLOR  STOKERS  for  these  central  stations— namely,  their  ability  to  build  up 
such  ratios  whenever  and  as  rapidly  as  the  extra  current  is  required. 

Write  our  Stoker  Department  for  a  list  of  prominent  industrial 
plants  and  generating  stations  equipped  with  TA  YLOR  STOKERS. 

American  Engineering  Co. 

Philadelphia 
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MOST 
MODERN 
BOILER 


The  most  modern  boiler  is  the  Heine 
Two-Pass  Boiler  which  gives: 

(1)  Large  Capacities. 

(2)  High  efficiency  of  heat  absorption 
and  low  flue  gas  temperatures,  as  there 
are  two  long  passes  for  the  gases. 

(3)  Perfect  combustion,  owing  to  the 
fire  brick  roof  over  the  furnace  and 
the  long  length  of  unchilled  flame. 

(4)  Minimum  draft  drop  through 
the  boiler,  owing  to  the  few  numbers 
of  turns  taken  by  the  gases. 

These  features,  when  combined,  give 
the  highest  coal  efficiency  and  highest 
commercial  efficiency  and  make  the 

HEINE 

the  most  modern  boiler. 

If  you  arc  interested  in  the  com- 
parative efficiency  of  cross-baffling 
and  horizontal  baffling,  see  the  paper 
by  Kriesinger  and  Ray,  Western  Soc. 
of  Engineers,  June  2,  1913. 

Ask  for  our  pamphlet  on  large 
Heine  Boilers  and  test  of  two- 
pass  boiler  at  the  Grand  Cen- 
tral Terminal,  N.  Y. 

HEINE  SAFETY 
BOILER  COMPANY 


2465  E.  Marcus  Av. 


St.  Louis,  Mo. 


Every   Green's   Economizer 

Is 

Thoroughly 
Tested 


Hydraulic  Pressure  Test  of  Completed  Economizer  Stcti 


HERE   arc   over    60    million  horsepower  of  Economizers 

Tin  daily  service,  and  54%  of  our  orders  are  repeat  orders, 
proof  positive  that   Green's   Economizers   are   profitable 
j  and  satisfactory  in  operation. 

The  average  life  of  Green's  Economizers  is  from  20  to  30  years.  Scores  of 
Economizers  installed  in  this  country  when  we  first  established  our  business 
here  are  still  in  operation. 

Green's  Economizers  are  cast  from  the  best  grade  of  carefully  selected  iron  and  in  the 
process  of  their  manufacture  is  embodied  the  experience  of  60  years. 

When  the  pipes  are  first  taken  out  of  the  sand  in  the  foundry,  and  before  any  machine 
work  is  done  upon  them,  they  are  individually  tested  to  500  lbs.  pressure. 

.After  the  pipes  have  been  machined  and  assembled  in  the  headers,  they  are  again  tested 
to  twice  the  working  pressure,  which  is  repeated  on  the  complete  Economizer  after  it  is  assem- 
bled on  the  customers'  premises. 

The  metal  to  metal  tapered  joints  where  the  pipes  join  the  top  and  bottom  bo.xes  are 
finished  to  limit  gauges,  and  the  method  of  pressing  the  pipes  into  the  bo.xes  assures  that 
ever>'  pipe  is  forced  home  an  equal  amount,  a  result  impossible  of  attainment  where  the  pipes 
are  pressed  in  individually. 

Green's  method  of  connecting  the  sections  by  means  of  flexible  joints  placed  outside  of 
the  Economizer  chamber  provides  the  flexibility  required  to  take  care  of  unequal  expansion 
and  contraction  or  unequal  settling  of  foundations. 

Recent  developments  in  steam  plant  practice  render  the  Economizer  essential  to  the 
highest  economy. 

Send  for  our  booklet  M.E.147  "The  Proper  Ratio 
Between  Boiler  and  Economizer  Heating  Surface." 

The    Green    Fuel    Economizer 

Matteawan,  N.  Y. 

New  York  City,  Boston,  Chicago,  Atlanta,  San  Francisco,  Los 
Angeles,  Seattle,  Salt  Lake  City,  MontreaL 

Kngineers:  Builders  of  Green's  Fuel  Economizers.  Fans,  Blowers  and 
Exhausters,  Steam  Air  Heater  Coils,  Waste  Heat  Air  Heaters,  Mechani- 
cal Draft,  Heating  and  Ventilating  and  Dr>-ing  Apparatus,  Draft 
Dampers  and  Engines.  3T4 


"We  Use  These  Valves  on  Practically 

All  Our  Engines" 


Dotted  line  shows  valve 
when  pressure  has  exre**tied 
Spring  tension. 


Oufsi<le  view  sliowlng  adjust- 
able spring  which  bringa  any 
desired  pressure  against  the 
swing  gate. 


The  Merrell-Soule  Co.,  of 
Syracuse,  N.Y.,  have  now  used 
Nelson-Erwood  Valves  over  8 
years.  This  is  what  Mr. 
O.  E.  Merrell  wrote  us  last 
November: 

"  We  use  these  valves  on  the  exhaust  side  of 
practically  all  our  engines,  more  particularly 
because  we  maintain  a  lo-lb.  back-pressure 
on  the  exhaust,  which  requires  at  times  the 
closure  of  the  exhaust  valve. 

••  The  NELSOX-ERWOOD  Valve  in  this 
position  pre\ents  accident  to  the  engines 
which  might  occur  upon  the  failure  of  an 
employee  to  open  an  ordinary  gate  on  the 
exhaust  when  starting  the  engine. 

"  The  first  one  of  these  vaKes  was  installed 
in  ico6  and  was  applied  to  an  engine  which 
(.perates  365  days  a  year.  This  engine  has 
l;)een  out  of  service  only  four  (4)  days  in  the 
last  six  and  one-half  years.  All  of  these 
^■alves  have  worked  satisfactorily  and  we 
have  had  no  occasion  to  make  any  repairs." 

NELSON-ERWOOD 

Swing   Gate  Valves 

are  giving  power  plants  everywhere  service 
such  as  this,  as  atmospheric  relief  valves 
on  engines  and  turbines;  back  pressure 
valves  to  atmosphere;  safety  gate  vahes 
between  cylinder  and  condensers;  safety 
non-return  valves  on  boiler  header  lines, 
etc.,  etc.  Safety  apparatus  of  this  kind  is 
an  essential  part  of  the  equipment  of  every 
power  plant.  Safety  for  your  investment 
in  any  type  of  valves  will  be  assured  if  you 
buy  Nelson  Valves,  "  A  Safe  Valve  In- 
vestment." 

Let  us  tell  you  all  about 
Nelson -Erii'oods  and  other  Nelsons. 
No    obligation,    so    write    now. 


Nelson  Valve  Co. 


7612-20  Queen  St.,  Chestnut  Hill 


Philadelphia     m 
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"IMPERIAL" 

SHORT  BELT  DRIVE  AIR  COMPRESSORS 

You  will  save  expense  and  avoid  belt  troubles,  economize  on  floor  space, 
and  secure  a  smoother  running"  air  compressor  and  one  of  gfreat  overall 
efficiency. 

"Imperial"  Short  Belt 
Electric  Air  Compressors 
are  furnished  from  stock, 
complete  with  motor,  slide 
rails,  starter,  endless  belt 
and  Short  Belt  attachment, 
"  Imperial  "  Combination 
Reg-ulator,  foundation  bolts, 
washers,  etc.,  all  ready  to 
connect  to  station  wiring 
and  receiver  piping". 


Here   is   What   One   User  Says: 

"  We  find  the  short  bell  drKe  on  our  XB-2  compressor  entirely  satisfactory 
and  would  recommend  it  for  installation  similar  to  ours. 

There  is  no  evidence  of  hack  lash  on  the  belt.  We  have  had  this  equipment 
in  use  one  year  and  would  much  prefer  the  short  belt  drive  to  a  gear  driven 
compressor;  my  theory  being  that  the  flexible  belt  does  not  jar  and  rack  the 
working  parts  of  either  compressor  or  motor  as  gear  would. 

There  has  not  been  one  minute's  trouble  or  delay  with  this  compressor  since 
it  was  started  a  year  ago,  and   I   feel   that   I   cannot  speak  too  highly  of    it." 


TWHT  Bn  7  rffrs 
si/r  rn  slippag£ 


rzcoH  cp-^cn  jtrsv  jy  217  e.r:/fc^  ^5  great 
Ordinary  Long  Belt  Drive 


"Imperial"   Short    Belt    Drive 


The  above  diagrams  illustrate  the  difference  in  the  two  methods  of  drive. 

Built  in  capacities  up  to   1500  cubic  feet  and  pressures  from  15  to  no 
pounds — direct  or  alternating  current. 

Bulletin  3312 

INGERSOLL-KAND  COMPANY 


NEW  YORK 
LITTLE  DAVID  DRILLS 


Offices  the  World  Over 


LONDON 


HOISTS 


LITTLE  DAVID  RIVETERS 
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Pi-ndant  Con- 

irul  Switch, 

Handy  far 

Operator 
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Scores  of  G-E  Planer  Drives  in  Use 
on  This  Continent 

From  Alaska  to  the  Gulf  and  Coast  to  Coast  a  large  number  of  G-E  Reversing 
Motor  Equipments  for  Planers  are  in  satisfactory  operation.  Repeat  orders  con- 
stantly testify  to  this. 

You  are  invited  to  investigate  this  equipment  which  has  the  following  advantages: 

Freedom  from  shocks,  giving  quickest  re- 
versals possible  without  jar. 

Unexpected  return  of  current  to  wires  al- 
ways finds  motor  and  control  apparatus  ready 
to  receive  it. 


Vastly  more  economical  in  operation  and 
upkeep  than  any  other  existing  drive. 

Maximum  cutting  speed  always  sustained 
giving  greatly  increased  production. 

Reverses  remarkably  close  to  a  line. 

Standard  motor  speeds  250-1000  r.p.m. 

Man>-  speed  combinations,  allowing  slowest 
cutting  and  highest  return  speed  to  be  com- 
bined. 


Quiet  operation. 

Sparkless  commutation. 

Control  in  easy  reach  of  operator. 


This  equipment  is  conservatively  rated  and  has  ample  power. 
Investigate    tlie    power    rating    of    the    motor    you    buy. 

General  Electric  Company 


Atlanta.  Ga. 
Baltimore,  Md. 
Birmingham  Ala. 
Boise.  Idaho 
Boston.  Mass. 
Buffalo,  X.  V. 
Butte.  Mont. 
Charleston.  \V.  Va. 
Charlotte,  X.  C. 
Chattanooga.  Tenn. 
Chicago,  111. 
Cincinnati,  Ohio 


Cleveland,  Ohio 
Columbus,  Ohio 
Dayton.  Ohio 
Denver,  Colo. 
Des  Moines.  Iowa 
Detroit,  Mich. 

(Office  of  Agent) 
Elmira,  X.  V. 
Erie,  Pa. 

Fort  Wayne,  Ind. 
Hartford,  Conn. 
Indianapolis,  Ind. 


Largest   Electrical    Manufacturer    in    the  World 

General  Office:      Schenectady,  N.  Y. 
ADDRESS     NEAREST     OFFICE 


Jacl^sonville.  Fla. 
Joplin.  Mo. 
Kansas  City,  Mo. 
Knosville,  Tenn. 


Los  .Angeles.  Cal. 
Louisville.  Ky. 
Memphis,  Tenn. 
Milwaukee.  Wis. 


Minneapolis.  Minn. 
Xashville   Tenn. 
Xew  Haven.  Conn. 
Xew  Orleans,  La. 
N*ew  York,  X.  V. 
Xiagara  Falls,  X.  Y. 
Omaha,  Xeb. 
Philadelphia,  Pa. 
Pittsburgh.  Pa. 
Portland,  Ore. 
Providence,  R.  I. 
Richmond,  Va. 


Rochester.  X.  Y. 
Salt  Lake  City,  i.'tah 
San  Francisco.  Cal. 
St.  Louis,  Mo. 
Schenectady.  X.  V. 
Seattle,  Wash. 
Spokane.  Wash. 
Springfield,  Mass. 
Syracuse.  X.  Y. 
Toledo,  Ohio 
Washington.  D.  C. 
Voungstown,  Ohio 


For  Texa=.  Oklahoma  and  Arizona  business  refer  to  Southwest  General  Electric  Company  fformerly  Hobson  Electric  Co.),  Dallas,  El  Paso. 
Houston  and  Oklahoma  City.     For  Canadian   business  refer  to  Canadian  General  Electric  Company.  L'.d..  Toronto.  Ont. 


12 


When  steam  must  show  on 
every  radiator  in  a  system  hav- 
ing doubtful  conditions,  then 
you     unhesitatingly    select    a 

Mills  Water 
Tube  Boiler 


Y(/Li  haw  conlidence  in  it  l)ce-ausc  it  is 
a  quick,  N'ii^orous  steamer — tlie  tire  siir- 
taces  are  water  tubes  extending  into  the 
fire  chamber,  so  that  the  fine  streams  of 
water  feel  the  effect  of  the  hottest  part 
of  the  fire. 

The  grates  help  in  maintaining  a  brisk  fire 
because  non-clogging — the  ashes  fall  through 
openings  of  increasing  area. 

Mills  Water  Tul:)C  Boilers  \\ill  furnish  steam 
for  e\ery  radiator  because  the  conser\^ati\'e  rat- 
ings are  in  accordance  with  the  experience  and 
practice  of  the  large  number  of  architects  and 
healing  contractors  with  whom  the  manufactur- 
ers have  been  in  close  touch  for  many  years. 

You  can  rely  on  the  ratings  in  Catalog 
No.  910;  send  for  it. 

The  H.  B.  Smith  Co. 

ManitfadJtrers  of  Mil's,  Mercer,  Meuh.  "H.  B."  CotUi^c 
and  GnUi  I^nUrs  for  Steam  ami  Water  WarminR:  Princess, 
Imperial.  Sovereign.  Aerial.  Gold  Pin  and  School  Piti 
Radiators.   "  Brcckenridge"    A  uUnnalic   A  ir    Valves,    etc. 

WESTFIELD,  MASS. 

BOSTON  NEW  YORK  PHILADELPHIA 

L?8  Washington  St.  No.     ,W  East  Houston  St.  l22.SArchSt. 


Forty  Years^ 
Experience 
in  Building 
Special  Machines 

U.y  knitting  mills,  paper  making,  w(jod 
w(;rking  and  nearly  every  other  kind  of 
jiurpose  has  fitted  us  to  help  you  sol\-e 
your  own  problems. 

Let  us  build  \our  special  machine  or 
contract     machine    work     in     oin-     large 
modern  factory.     The  methods  and  tools 
which  we  employ  insure  rapid  production 
I    of  accurate  work  at  a  reasonable  cost. 

I  We'll  relieve  you  of  ever}-  detail  of 
I  the  manufacturing  end,  leaving  you  free 
I    to  devote  your  time  to  the  sales. 

I  A  trial  order  is  solicited 

I  Estimates  gladly  furnished  from  blueprints 

1  Write 

We   hold  all  Plans   and   Execute   all 
N  Work  in  Strict  Confidence 

C.  H.  Cowdrey  Machine  Works 

FITCHBURG,  MASS. 


Contractors,    Builders    and    Designers 
of  Special  Machinery 


mmmnmivK^X'. 
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Cast  Steel  Valves 

for  Superheated   Steam 

Globe  Angle  Check  Gate 


Jenkins  Bros.  Cast  Steel  Valves  are 
specially  built  for  superheated  steam. 
They  withstand  the  extremely  high 
temperatures,  the  tremendous  shift- 
ing pressures,  and  the  violent  changes 
in  expansion  and  contraction  inci- 
dent to  this  kind  of  service. 

The  steel  used  is  made  from  select- 
ed irons,  and  for  strength,  ductility 
and  soundness  the  castings  are  fully 
equal  to  those  produced  commercial- 
ly by  any  known  process.  The  seat 
rings,  discs,  bushings  and  spindles  are 
made  of  Monel  Metal,  a  natural 
alloy,  containing  about  70%  nickel, 
of  great  tensile  strength.  The  valves 
will  safely  carr>^  a  working  steam 
pressure  up  to  350  pounds,  and  total 
temperature  of  800  degrees  F.  No 
Engineer  can  afford  to  take  chances 
with  superheated  steam.  With  Jen- 
kins Bros.  Extra  Heavy  Cast  Steel 
Valves  you  may  be  sure  of  a  maxi- 
mum safety  and  economy  with  a 
minimum  of  danger  and  trouble. 

We  invite  your  inquiries,  and  shall 
be     glad     to     furnish      estimates 

All  Genuine 
Jenkins  Bros.  Valves 
Have  the   Diamond 
Trade  Mark — 
Your  Protection 

Jenkins  Bros. 

New   York,  Boston,  Philadelphia,  Chicago 

Jenkins  Bros.,  Limited,  Montreal,  P.  Q.,  London,  E.  C. 


1? 
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DE  LAVAL 

Centrifugal  Pump 

will  supply  more  water 
at  less  cost 

THE  cost  of  pumping  with  a  De 
La\al  Steam-turbine-dri\cn 
[)ump  is  less  than  with  a  recipro- 
cating pump.  The  o\erhead 
charges  are  greatly  reduced  as 
compared  with  triple-expansion, 
crank-and-fly-wheel  engines,  while 
the  steam  economy  is  better  than 
that  of  compound  engines  or  of 
direct-acting  reciprocating  pumps. 

If  you  have  reciprocating  pumps  of  low 
or  moderate  efficiency  already  installed,  it 
will  pay  to  put  in  a  De  Laval  Centrifugal 
Pump  driven  by  a  De  Laval  Low-pres- 
sure or  Mixed-flow  Turbine  to  run  on  the 
exhaust  of  the  reciprocating  pump.  In 
this  way,  the  capacity  and  economy  of 
the  plant  may  be  increased  50  to  75%, 
without  installing  more  boilers  or  burning 
more  coal. 

If  you  are  interested  in  pumping  problems, 
send  for  our  new  300-page  book,  B.  58. 

DE  LAVAL 

Steam  Turbine  Co. 

Trenton        '^s        New  Jersey 
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Make  Sure  That  the  Stop  and  Check 
Valves  You  Buy  are  Properly  Designed 


Some    Users  of  the 
Davis  Class  C  Valve 

American  Locomotive  Works 

International  Harvester  Co. 

I*acl4ard  Motor  Car  Co. 

SIu'r«  in-VVil!iams  (^o. 

Illinois  Steel  i'O. 

National  Tulie  Co. 

Cleveland  Worsted  Mills  Co. 

National  Lead  Co. 

United  Verde  Copper  Co. 

Armour  Glue  Works 

Bemis  Baft  Co. 

Tennessee  Coal,    Iron  &  R.  R.  Co. 


.\ii  automatic  safety  dovice  must 
l)f  dependable  or  it  is  of  little  value. 
If  there  is  a  possibility  of  its  not 
working  in  an  emergency,  you  don't 
want  it. 

Most  all  stop  and  Check  Valves  feature 
an  internal  steam  dash  pot.  They  have 
no  indicator.  There  is  no  way  of  deter- 
mining their  working  condition.  Scale 
formation  or  expansion  of  the  parts  is 
sure  to  cause  trouble  with  such  valves. 
.■\nd  you  can't  tell  anything  about  their 
condition  until  an  emergency  occurs.  It 
may  then  be  too  late  to  prevent  the 
damage  which  the  valves  are  supposed  to 
forestall. 

There  is  onc!  Stop  and  Check  Valve- — 
The  Davis  Class  C — that  you  can  always 
depend  upon.  It  will  not  stick.  It  will 
not  pound.  You  can  see  it  work.  You 
can  test  it  by  hand.  The  internal  con- 
struction is  similar  to  a  globe  valve.     All 


the  moving  parts  except  the  disc  are  on 
the  outside. 

It  has  an  oil,  instead  of  a  steam,  dash 
pot.  No  matter  how  slight  the  move- 
ment of  the  disc,  this  oil  dash  pot  pre- 
vents pounding.  The  counter-weight 
lever  serves  as  an  indicator — you  can  see 
the  \alve  work.  It  also  provides  means 
for  testing  by  hand. 

Which  type  of  valve  would  you  prefer  ? 
The  one  that  has  trouble  built  right  into 
it  or  the  one  that  is  designed  to  prevent 
trouble  ? 

The  demand  for  the  Davis  Class  C 
Stop  and  Check  VaK^e  is  increasing  every 
day.  Many  prominent  plants  are  equipped 
with  them.  Note  some  of  those  that 
are  mentioned.  When  the  time  comes 
to  buy  valves  for  your  plant,  study  the 
design  of  them  all.  The  more  you 
know  about  the  others,  the  better  you 
will  like  the  Davis  Class  C. 


G.  M.  Davis  Regulator    Company 

439    Milwaukee    Avenue,   Chicago 
New  York  —  Boston  —  Philadelphia  —  Pittsburgh  —  San  Francisco 

Makers  of  Valve  Specialties  since  1875 
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Turbo  Air  Pump  Is  ThoroughluTes^:ecl 

The  Test  Room  of  the  Wheeler  Condenser  &  Engineering  Co.  is  the  most  elabo- 
rate of  any  condenser  and  air  pump  builder  in  the  country,  being  fitted  with  a  full 
compleinent  of  vacuum  and  pressure  gauges,  a  special  weir  tank  for  measuring 
water,  air  nozzles  and  displacement  bell  for  measuring  air,  besides  the  usual 
equipment  of  calibrated  motors,  and  electrical  meters,  speedometers,  etc. 

Every  Wheeler  Turbo  Air  Pump  is  tested  for 
capacity  and  vacuum  before  being  shipped. 
This  test  is  a  thorough  check  on  the  capacity 
of  the  apparatus  and  insures  that  the  condenser, 
when  installed,  will  give  the  specified  \'acuum 
without  delay. 

For  full  information  on  Wheeler  Turbo  Air  Pumps, 
send  for  our  new  Bulletin  S-111. 

WHEELER 

Condenser    &    Engineering    Co. 

Carteret       The  PloneerCondenser  Builders       NcwJcrSCy 
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Exhaust 


Surface       /°°°°°o 
Cortaenser  ^  „  „  o  o  o  o 


To  Dry  Air  Pwnp 

Cenfnfuqal  Wet  A  ir  Pump 


Venturi  Meter  Tube 


Unique  Use  of  a 
Venturi  Hot 
Water  Meter 


Venturi  Meter  Reveals  Cause  of  Condenser  Troubles 

The  surface  condenser  of  a  certain  8,000  K.W.  steam  turbine  generator  unit  was  giving 
trouble  and  at  times  of  lightest  load  the  vacuum  was  poorest.  The  centrifugal  wet  air 
pump  ran  at  a  constant  speed  and  to  all  appearances  it  was  working  satisfactorily. 

In  order  to  determine  the  nature  of  the  trouble  a  4  inch  Venturi  Meter  was  set  in  the 
discharge  pipe  from  this  pump  and  it  showed  that  the  rate  of  pumping  fluctuated  through 
wide  limits.  Upon  careful  examination  it  was  found  that  the  water  was  pum]:)ed  from  the 
condenser  much  faster  than  the  steam  was  condensed.  Each  time  the  condenser  was 
pumped  entirely  dry  the  suction  of  the  pump  was  lost  and  it  was  not  regained  again  until  the 
water  level  rose  to  the  level  of  the  center  of  the  pump. 

A  change  was  therefore  made  in  the  method  of  driving  pump  so  that  its  speed  could  be 
reduced  during  the  hours  of  light  load  and  this  overcame  all  of  the  trouble  experienced. 

The  nature  of  the  trouble  as  found  was  different  from  what  had  been  expected  and  had 
it  not  been  for  the  meter  a  prolonged  and  possilily  costly  examination  would  have  been 
made  in  other  directions.    Venturi  Meters  can  introduce  savings  in  your  plant. 

Write  to-day  for  Bulletin  No.  6S-A. 

Builders  Iron  Foundry,  "B 

New  York  Chicago 


uilders 

San  Francisco 


of  the  Venturi,"  Providence,  R.  I. 


Portland 


Seattle 
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LUNKENHEIMEif 

■■  NON-RETURN 

SAFETY  BOILER  STOP  VALVES 

Prevent  steam  from  other  boilers  of  a  battery  discharging  into  one  that  is  disabled. 
A  sudden  decrease  in  pressure  in  any  boiler  will  cause  a  Lunkenheimer  Non-return  Safet\' 
Boiler  Stop  Valve  attached  to  that  boiler  to  immediately  close,  and  will  not  open  until 
the  pressure  equalizes  that  of  the  other  boilers  in  the  battery. 

Among  other  products  manufactured  by  The  Lunkenheimer  Company  may  be  men- 
tioned Globe,  Angle,  Cross,  Check,  Lever,  Gate,  Pop  Safety,  Relief,  Throttle,  Blow-off, 
Screw  Down  Check  Valves,  etc.;  "Puddled"  Semi-steel  and  Cast  Steel  Valves  of  all  types; 
Water  Columns,  Gauges  and  other  Boiler  Mountings;  Whistles  and  Ground  Key_  Work  of 
all  descriptions;  Injectors  and  Ejectors;  Lubricators  and  Lubricating  Devices;  Oil  Pumps, 
Oil  and  Grease  Cups,  Gasoline  Engine  .Appliances,  etc. 

Your  local  dealer  can  furnish  them;  if  not,  write  us. 

A  complete  description,  with  illustrations  of  the  entire  line,  can  be  had  by  referring 
to  Lunkenheimer  Catalogue  No.  50.     Write  for  a  copy. 

IH£  LUNKENHEIMER  ££. 

,0.4c  ^"QUALITY"-— 

Largest  Manufacturers  of  High  Grade  Engineering  Specialties  in  tlie  World 


CINCINNATI,   OHIO 


New   York 


Chicago 


Boston 


London 
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THE   201ST   STATION 

OF    THE   UNITED   ELECTRIC    LT.   &   PWR.   CO. 

NEW  YORK  CITY 

is   equipped   with 

'^^       32  VULCAN 
SOOT  CLEANERS 

because  the  VULCAN  SYSTEM  proved  to  l)e  the 
easiest  and  quickest  way  of  getting  rid  of  soot. 
SIDE  BLOW  DOORS  WERE  OMITTED  tcj  pre- 
vent air  leakage.  The  VULCAN,  by  being  installed 
thru  the  top  of  the  boiler,  permitted  the  boilers  to 
be  set  closer  together,  thereby  saving  valuable 
floor  space. 

Send  for  our  b(jok  "  Economical  Steam  Production  "  on  the  subject  of  "  Soot  in 
Relation  to  Boiler  Efficiency."  It  is  of  much  interest  to  Mechanical  and  operating 
engineers.     A  complimentary  copy  will  be  mailed  promptly  upon  request. 

G.  L.  SIMONDS  &  CO.  228  So.  La  Salle  St.,  Chicago 


VULCAN  SOOT  CLEANER 
Top  Installation 
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MODLL280,   Single  Raniie 
Portable  Voltmeter. 

One-quarter  Size) 


MODEL  280,  Triple  Range 
Portable  Volt-Ammeter 

(One-quarter  Slie.) 


WESTON 

Miniature  Precision  Instruments 
for  Direct  Current 

A  new  group  of  very  small  Indicating  Instruments 
COMPACT  — ACCURATE— DURABLE  — BEAUTIFUL 

PORTABLK 

Voltmeters,  Millivoltmeters,  Volt-Ammeters,  Ammeters,  Mil- 
Ammeters,   arir  siu^plied  in  s;nyle,  double  and  irijile  ranges. 

The  triple  range  volt-ammeter  comprising  six  instruments  in 

one.      This  group  also  includes  BATTERY  TESTERS. 

SWITCHBOARD 
Voltmeters     Volt-Ammeters     Ammeters      Mil-Ammeters 

This  new  line  of  instruments  represents  the  latest  development  of  the 
pivoted  moving  coil,  permanent  magnet  type  for  low  ranges. 

The  refinement  of  design  and  mechanical  work  in  them  has  been  carried 
to  a  degree  which  would  appear  to  be  almost  impossible  of  accomplishment, 
if  the  results  were  not  evident  in  the  Instruments  themselves. 
They    embody    characteristics  which    have    made    the   well    known    Weston 

Standards  famous   throughout   the  world. 
They  are  accurate,  dead  beat  and  extremely  sensitive. 

They  may  be  left  continuously  in  circuit  at  full  load  without  injury  and  are 
shielded    against    the    external    electrical   and    magnetic  Influences   of 
other  apparatus   in   their  vicinity. 
They  are  substantially  constructed   and  may   be  safely  sent  long  distances 
through  the  malls  and  will  withstand  an  extraordinary  amount  of  vibration  without  injury. 
They  have  the  longest  scale  ever  provided  in  instruments  with  equal  length  of  pointer. 
Each  model  has  been  thoroughly  tested  under  the  most  severe  conditions  of  service  and  in  experiments  extending  over  more 

than  one  year. 
The  portable  Instruments  tnay  be  conveniently  carried  in  the  coat  pocket. 
The  prices  have  been  established  upon  so  low  a  scale  that  any  one  may  possess  one  or  more  of  these  remarkable  instruments 

at  moderate  cost. 
If  you  cannot  obtain  the  instruments  desired  from  your  dealer,  write  us. 
The  several  models  and  ranges  ofier  a  selection  from  over   3t0   different   combinations,    listed    in    Bulletin    No.   8.      Will    be 


MODEL  267.  Switcbboard 
Ammeter. 

(One-quarter  Size) 


MODEL    268,    Switchboard 
Volt- Ammeter.  Reads 

Amperes.  Press  Button  for 
Volts.    {One-quarter    Sl«e.) 


mailed  upon  request. 

WESTON  ELECTRICAL  INSTRUMENT  COMPANY, 


Sumlry  Bn.wn.  114  Liberty  Bt..  New 

York  City. 
Badt-Wfcstburg  Elec.  Co..  832    Mo- 

nadnock  block,  Chicago,  III. 
F.  E.  Gilbert.  303-4  Hale  BldR..  1326 
Choatnut  Street.  Philadelphia,  Pa. 
Geo.  H.  MosemaD,    176  Federal  St.. 

Boeton.  Mass. 


Milton     Mill.    915     Olive    St..     Si. 

Louis.  Mo. 
B.  K.  Sweeney  Electrical  Co..  2910 

Huron  St..  Denver,  Colo. 
Frank   E.   Smith.    682    Mission    St.. 

San  Francisco.  Cal. 
S.   C.   Dliismore.    1033    Dime    Bank 

Bldg.,  Detroit.  Mich. 


Walter  P.  Ambos  Co..  1720  Eiiai  12th 

St..  Cleveland,  Ohio. 
A.  H.  Winter  Joyner.  Ltd.,  76  Bay 

St.,  Toronio,  Canada. 
Weston   Instrument    Co..    Ltd..    Ge- 

neststrasse  6.  Schoneberg,  Berlin. 

Germany, 
D.   R.  Peiest.  415  Fourth  Naf  1  Bank 

Bldg..  Atlanta.  Ga. 


Main  Office  and  Works; 
NEWARK,  N.J. 

Edwin  Wortham.  Suite  28.  Alilsoa 
Building.  8th  St..  i  Main  St  . 
Richmond,  Va. 

Montreal      -j 

v^couver  C      Noiffi^m  EI<Kfric  0>mpaiff 

Calgary         '  i>*tk) 

Weston  Electrical  Insi rumen t  Co.. 
Audrey  House.  Ely  Place.  Hol- 
born.  London.  E.  C. 
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FULTON 

Oil  and  Steam  Engines 

Are  Bacl<:ed  by  Our  Reputation  for  Reliability 
'* Sixty  Years  of  Successful  Manufacturing" 


We  build  our  machinery  complete  in  our  own  plant.  Long  ex- 
perience has  demonstrated  the  proper  materials  to  be  used  in  our 
castings  and  our  workmanship  is  of  the  highest  class. 

Fulton=Tosi  Oil  Engines,  Diesel  Type 

Fulton=Corliss,  Medium  and  Hi8:h  Speed  Engines 

Write  for  Oil  Engine  Bulletin  "A." 


FULTON  IRON  WORKS 


1259  Delaware 


ST.  LOUIS,  MO. 


s 
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AFETY    AND    ECONOM 


T" 


T 


Y 


Lagonda  Automatic 
Cut-Oft  Valve. 


Three  Basket  Type — Showing  Outlet 
and  One  Basket  Renio\e'i. 


'HE  Lagonda  Multiple  Water  Strainer  in  your  water 
supply  main  will  remove  all  objectionable  solid 
matter  and  insure  constant  and  economic  condi- 
tions of  pump  and  condenser  operation.  They  are  easily 
and  quickly  cleaned  without  interruption  of  supply,  and 
take  up  small  floor  space. 

The  Lagonda  Automatic  Cut-off  Valve  saves  life  and 
property,  automatically  closing  in  case  a  break  occurs 
in  either  a  boiler  tube  or  a  steam  line  or  header.  Ask 
for  our  handsomely  illustrated  catalogue  for  full  par- 
ticulars. 

Lagonda  Tube  Cleaners  are  built  for  all  conditions. 
Water,  steam  or  air  turbine  cleaner  and  high  power  me- 
chanically driven  cleaners.  Give  us  your  conditions  and 
let  us  supply  you  with  the  best. 

Write  for   Bulletins 


STLjciui£.oiK«Ga  Dcmcn 


DALtAS. 

sANnuNoam 

PIUL  HOmREAL  lOMOOl 


Quick  Repair  Head.  Water  Turbine  Tube  Cleaner. 


Makers  of  Lagonda  Boiler  Tube  Cleaners.  Automatic  Cut-Off  Valves,  Reseating 
Machines,  Boiler  Tube  Cutters  and  Water  Strainers. 
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Hamilton-Corliss  Engine 

Installed  in  a  power  plant  is  a  guarantee  for  successful  and  economical 
operation  combined  with  Reliability,  Economy,  Noiseless  Operation 

and  Perfect  Regulation.  That  is  the 
reason  why  the  most  exacting  users  of 
steam  engines  select  our  make  of  engine. 
Our  experience  covers  a  long  period  of 
time  dating  back  almost  to  the  incep- 
tion of  the  Corliss  idea  of  valve  control. 
Why  not  benefit  by  our  experience?  Our  large  corps  of  expert 
Engineers  is  at  your  service  and  we  can  adapt  our  engines  to  any 

kind   of   service.  IVrife   for   Bulletins. 

The  Hooven,  Owens,  Rentschler  Co. 

Hamilton,   Ohio 


Tandem  Compound  Corliss  Rolling  Mill  Engine 


Offices    in    all   large    cities 


De  La  Vergne 
Oil  Engines 


Ivpi-;  FH  Oil  Engine 
Send  lor  Bulletin  \o.  132 


Have  been  de\eloi)ed  (jver  a  periud  of 
twenty  years  in  the  United  States  to 
meet  American  conditions. 

Heavy  Mexican  crude  oil  with  sulphur  up  to 
33^%  is  the  cheap  American  fuel. 

Specially  trained  operating  engineers  are  ex- 
pensive. The  De  La  Vergne  engine  has  been 
highly  developed  and  will  burn  this  cheap  fuel 
and  operate  with  only  ordinary  attention. 

We  guarantee  when  operating  at  three-quar- 
ters or  full  load  of  fuel  consumption  of  one-half 
pound  (y6  of  a  gallon)  per  Brake  Horse  Power 
Hour  of  any  commercial  fuel  or  crude  oil  pro- 
duced in  the  United  States  or  Mexico. 

The  economy,  the  abilitj-  to  burn  the  heaviest 
fuels  and  the  simplicity-  of  the  De  La  Vergne  en- 
gine make  it  the  ideal  source  of  power  for  fac- 
tory service,  electric  installations,  ice  plants  and 
isolated  stations  of  every  description. 

We  build  engines  from  I2  to  8oo  H.  P. 

As  many  as  eight  successive  orders  compris- 
ing forty-two  engines  in  all,  have  been  placed 
by  a  single  customer  for  his  own  use — proof 
positive  of  satisfactory  ser\ice. 


De  La  Vergne  Machine  Company 

1123  E.   138th  Street  New  York  City 
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oose  T 
the 
@:hrane 

Meter 


HE  Cochrane  Metering  Heater,  or  the  Cochrane 
Intk'peiuient  Meter  installed  according  to  our  patents, 
meters  the  hottest  water,  as  above  212  deg.  where 
back  pressure  is  carried.     No  escape  of  vapor. 

The  Cochrane  Metering  Heater  improves  the  plant  effi- 
ciency by  utilizing  exhaust  steam  to  heat  the  boiler  feed  water, 
as  well  as  reveals  the  efficiency  and  capacity  of  the  boilers. 

Cochrane  Meters  are  accurate  at  all  partial  loads,  and  are 
guaranteed  to  within  i  J^%  of  absolute  accuracy  by  weight. 

The  Cochrane  shows  the  varying  rate  of  flow  at  each  in- 
stant, as  well  as  the  total  for  any  elapsed  time. 

The-  Cochrane  Meter  tells  how  many  pounds  of  water  are  evaporated 
per  pound  of  coal,  which  kind  of  eoal   is  most  economical,  which  fireman 
is  most  efficient,   which  .st>le  of   firing  is   best,  how  much 
efficiency     is     increased   by 
boiler  cleaning,  whether  the 
boilers   are    being  driven  to 
their    capacity,    how   much 
steam  is  used  per  Kw.  out- 
put    or    the     efficiency     of 
engines    and    generators, 
whether  it  pays  to  bank  the 
fires  or  let  them  go  out  and 
start  up  again,  etc.,  etc. 


Our  books,  "Hot  Water 
Meters  and  Their  Practical 
Applications"  and  "  Pre- 
cision in  the  Measurement 
of  Water,"  will  be  sent 
upon  request. 


HARRISON    SAFETY    BOILER   WORKS 

3199  N.  17th  St.  PHILADELPHIA.  PA. 


"■■■■Ill  n  1  M  nil  III*   mill      iiiM  1    III  11     ly  (       «i 


New   Centrifugal   Fire    Pump   for  Hose  and 
Automatic  Sprinkler  Systems 


These  pumps  are  of  the  horizontal  type 
and  are  built  in  two  or  three  stages  for 
100  pounds  pressure.  They  are  of  the 
highest  quality  and  are  built  in  conformity 
with  the  specifications  of  the  Fire  Under- 
writers. 

This  pump  is  made  in  five  sizes  having 
capacities  ranging  from  500  to  1500  gallons 
per  minute. 

On  request  we  will  send  you  our  new 
bulletin  with  full  description. 

Ask  for  Bulletin  No.  118. 


THI 


ILAI^@lISTIMIIFEo@ir  [^ 


78  W.  FALL  ST., 


SENECA  FALLS,  N.  Y. 


BRANCHES   AND  AGENCIES   IN    PRINCIPAL   CITIES 
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^HE  first  Nordberg  Uniflow  Engine  was  built  tiiree  years  ago.  and  the  series 
of  150  tests  made  upon  this  engine  demonstrated  its  high  efficienc\- 
and  large  capacity  for  overload.  Nordberg  Uniflow  Engines  are  being  built 
in  the  single-c>linder  and  duplex  designs  and  with  Corliss  Valves  for  saturated  steam  and  Poppet 
Vahes  for  high  pressure  superheated  steam. 

The  illustration  above  shows  a  recent  duplex  engine  of  750  HP.,   150  r.  p.  m.  direct  connected  to  a  500  K.  \\ . 
generator.     This  engine  operates  with  saturated  steam  and  is  fitted  with  the  Nordberg  high  speed  Corliss  Valve  Gear. 
Each  cylinder  has  half  the  total  capacity  and  the  steam  e.xpands  from  boiler  pressure  to  condenser  pressure  in  each 
~\iindcr. 
ynOnRFDr  ^^^^   duplex  ENGI.VE  is  EQUIV.ALEXT   IN   ECONOMY  TO  .\   COMPOUND   ENGINE. 

If  you  are  not    acquainted    with    the   advantages    and    distinguishing    features    of    the    Nordberg   Uniflow 
Engine,  write   for  our   Bulletin  No.  21.      If  interested  in  Poppet  Valve  Engines,  ask  for    our  Bulletin  No.  25 


1 


MACHINERY 


NORDBERG  MANUFACTURING  CO. 

MILWAUKEE,  WISCONSIN 

Manufacturers  of  High  Efficiency  Corliss  Engines;  Uniflow  Engines;   Poppet  Valve  Engines;   Air  Compressors; 
Blowing  Engines;  Hoisting  Engines;  Pumping  Engines;  and  other  machinen.-. 


M\CHIN'[RY 


THE   NASH  ENGINE 


For  27  years  tHe  leader 

in  Vertical  Gas 
Engine  Design 


Specially  adapted  for 

Electric  Generation 
Water  >VorKs 

and  high  grade 
Po>ver  Plants 


National  Meter  Company 


CHICAGO 


NEW  YORK 


BOSTON 
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THE  VALVE  SEAT  TELLS  THE  STORY 


IN  BLOWING  ENGINES  AND  COMPRESSORS  FOR 
AIR  AND  GAS,  FREE  VALVE  AREA  DETERMINES 
THE  EFFICIENCY  AND  SAFE  ECONOMICAL  PISTON 
SPEED. 

THE  LARGE  FREE  AREA  OF  THE  MESTA  PLATE 
VALVE  (IVERSEN  PATENT)  IS  SHOWN  BY  THi: 
DARK  SECTION  IN  THE  ILLUSTRATION.  IT  IS 
MADE  POSSIBLE  BY  THE  METHOD  OF  PER- 
MANENTLY FASTENING  THE  SPRING  AND  VALVE 
PLATE  TOGETHER,  WITHOUT  TAKING  UP  ANY 
AVAILABLE   FREE   AREA. 

COMPARE  THE  FREE  AREA  OF  OUR  VALVE  SEAT 
WITH  THAT  OF  ANY  OTHER  PLATE  VALVE  ON 
THE  MARKET,  REFERRING  BOTH  TO  THE  SAME 
OUTSIDE  DIAMETER  OF  VALVE. 

MESTA  PLATE  VALVES  ARE  SUITED  EQUALLY 
WELL  FOR  HIGH  SPEEDS  AND  FOR  LOW  SPEEDS. 
THE  VOLUTE  SHAPE  OF  THE  SPRING  AND  THE 
RELATIVE  PROPORTIONS  OF  THE  VALVE  PLATE, 
SEAT.  AND  GUARD  MAKE  POSSIBLE  REM.ARKABLY  LOW  SPEEDS  WITHOUT  FLUTTERING  OF  THE  VALVE. 


(WRITE  FOR  BULLETINS  H,  Ha  &  N) 


MESTA   MACHINE   COMPANY 

PITTSBURGH,   PA.,  U.  S.  A. 


DESIGNERS  AND  BUILDERS  OF  GAS  AND  STEAM  ENGINES.  ROLLING  MILL  MACHINERY,  CONDENSERS,  AIR  CO.MPRESSORS,  ETC. 

uiiiHiiiiiHiBiiiBiniiBBnaBiBnDin^  '  1 1  {iiiinaiiiniiiiii  jiiiiiiiinBainiam 
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I.  P.  MORRIS  COMPANY 


PHILADELPHIA,  PA. 


Specialists  in  the  Design  and  Construc- 
tion of  High  Class^  High  Power ^  and 
High  Efficiency  Hydraulic  Turbines 


Illustration  shows  one  of  six  turbines  designed  and 
built  for  the  Laurentide  Company  Ltd.,  Grand  Mere, 
P.  Q.,  Canada.  Unit  is  of  the  single  runner,  vertical 
shaft  type,  with  cast  iron  pit  liner.  Volute  casing  and 
draft  tube  are  formed  in  the  concrete. 

The  I.  P.  Morris  Company  have  built  or  have  under 
construction  turbines  of  this  type  aggregating  472,700 
horse-power. 

Inquiries  for  turbines  requiring  special  design  will  be 
given  every  attention. 


2U,0UIJ   H.  H.    I  URBINE 
Head  76  feet.  Speed  120  R.  P.  M. 

Most  powerful  Turbines  of  this  Type  ever   built 


THE  GARVIN  MACHINE  COMPANY  I 


«^ 


Manufacturers  of 

MILLING  MACHINES 

Xumerous  Styles  and  Sizes 

SCREW  MACHINES 

MONITOR  LATHES 

FORMING    MACHINES 

CAM  CUTTING 

MACHINES 

TAPPING  MACHINES 

SLOTTING  MACHINES 

DRILL  PRESSES 

CUTTER  GRINDERS 

DUPLEX  HORIZONTAL 

DRILLS 

HAND  LATHES 

SPRING  COILERS 

and 

SPECIAL  MACHINERY 


OFFICE  AND  WORKS 
137  VARICK  ST. 
NEW  YORK  CITY 


<;ARVI.\   N'o.  14  Plain  Mi  ling  Machine 

Motor  Driven 

Adjustments:  28x8x19  in.     Use  Code.-.Anmot 


Visitors  U'elcome 


iEcmDEr\ 


^  Reduce  Costs  and  Promote  Factory  Efficiency 

Shaw  F.  T.  Electric  Monorail  System 


The  Shaw  "F-T"  Electric 
Monorail  System  is  DIF- 
FERENT. 

The  term  "p-T"  signifies  the 
FIXED  TONGUE  in  the  track 
switch — no  niuving  part — noth- 
ing to  set — no  open  ends. 

These  distinctive  features  of 
the  Shaw  Monorail  System  es- 
tablish the  SAFETY  and  EF- 
FICIENCY of  the  overhead 
monorail  for  Factory  Trans- 
portation. 

SAFETY— Owing  to  the  ab- 
sence of  any  open  ends  in  the 
track  system,  derailments  are 
impossible  and  no  "safety  ap- 
pliances" are  required. 


EFFICIENCY— No  time  is 

lost  at  the  switches — the  Shaw 
Monorail  Hoist  is  "dirigible" 
and  runs  through  the  switches 
without  stopping — the  operator 
in  the  cab  controls  the  route 
as  well  as  the  hoisting  and 
travel  motions. 

Heretofore  the  weak  point 
in  the  Overhead  Monorail  has 
been  the  track  switch,  but  with 
the  Shaw  System  the  Track 
Switch  is  an  advantage  instead 
of  a  draw-back. 

The  Shaw  "F-T"  Monorail 
Hoist  is  built  with  the  ordinary 
single  lift  or  with  double 
lift  for  handling  long  material; 
also  for  Grab  Bucket  opera- 
tion. 


Send   for  Our  Illustrated  Bulletin  73-B 


MANNING,  MAXWELL  &  MOORE,  Inc. 

General  Offices,  119  W.  40th  St.,  New  York,  N.  Y. 

Shaw  Crane  Works:     Muskegon,  Mich. 


Chicago,  III. 
Cincinnati,  Ohio 
Cleveland.  Ohio 

D..-tr..it,    W'u  !i. 


BRANCH  SALES  OFFICES: 
Boston.  Mass. 
Buffalo.  N.  Y. 
Milwaukee.  Wis. 
Xew  Haven.  Conn. 


Philadelphia.  Pa. 
Pittsburg,  Pa. 
St.  Louis,  Mo. 
San    Francisco,    Cal. 


What's  the  Life  of  Seils"BeariD|s 


'^*""'*^.r 


"!   !0. 


r::— -::;"■--:t^■-"- 


ur-i 
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f.^r  the  success 

..I-  "Sells"  Roller  Beanng^^^_^„d   the 
Cleveland   Steel   W  .j^i^h  they  are 

> <'-''^1:;'h:rdtn:da,.d  .round  ca.- 

ninnu.'A-     ^^'"^  "  ,   ^  „„  a  high  carbon  steei 
,,,el  rollers  revolve  on  a      g_  ,^  .^^  ^,^^^^ 
.p/.i(sleeve^thtstak«a     ,    ^^^^._^^^    ^.j,  „ 
a'fter    about    ihreejee^^^^^^^^^         ,,,, 
everything  has   grow^  ^„^i,ely,   a. 

pace,  this  ^'<^^^'  "''"'..ompanying  letter. 
Evidenced  by  ^^  ^/^os,  a  "first  cost 
..Sells"   Beanng.  are  ^^^^^  ^.^^  , 

•„  paragraph  txvo. 

ofr^rd  Foundry 
&  Machine  Co. 

■•Kolifrine,'    '!}S 
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Steel  Mine  Ties 

Car    hauls 

Car  Retarders 

Self  Oiling  Wheels 
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FAIRMONT 

COAL  MINE  EQUIPMENT 


Power  Coal  Augers 

Box  Car  Loaders 

Portable  Mine  Pumps 

Mine  Fans 


What  a  User 

FAIRMONT 

Steel  Ties 

"  I  have  paid  close  attention  to 
their  use,  their  reliability  and  their 
condition  after  being  used  two  or 
three  times.  They  are  savers  of 
time,  material  and  labor  and  make 
just  as  good  track  as  could  be 
made  with  wood  ties."  ( Name  and 
complete  opinion,  which  was  reach- 
ed through  the  performance  of  Fair- 
mont Steel  Ties,  sent  on  request.) 

.And  we  ha\e  the  j^roof  from  many  users  of 
their  advantages.  Fairmont  Steel  Ties  are  true 
to  gauge — the  rail  is  securely  held  in  place  by 
means  of  a  simple  wooden  wedge.  Splice  bars, 
bolts  and   spikes  are   eliminated — a    sa\-ing    on 

FAIRMONT  MINING 

FAIRMONT 


Says  About 


FAIRMONT        STYLE      "A        STEEL     MINE      TIE 


lioth  material  and  labor.  From  3  to  5  inches 
additional  height  abo\-e  top  of  rail  are  gained — 
Fairmont  Ties  bring  the  rails  down  to  the  floor. 
Bulletins  and  details  of  trial  order  sent 
on  request. 

MACHINERY  CO. 

WEST  VIRGINIA 

■■■■■iiiniiiiiiiiiiuiiinaniii'^  ^  .       :n:iiHiiMiii«iniiaBiiiiiigiiiiaiM^^^^ 
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Reducing  the  Pay-Roll- 
Improving  the  Product- 
Increasing  the  Capacity— 

are  the  three  most  important  accompHshments  of  a 
Conveyer  System. 

In  these  days  of  manufacturing  retrenchment,  archi- 
tects and  engineers  are  alive  to  the  necessity  of  pro- 
viding the  best  and  simplest  means  for  reducing  time 
and  labor  in  manufacturing  processes.  Development 
in  gravity  and  power  conveying  devices  have  attracted 
wide  and  interested  attention,  and  all  promoters  of 
industrial  projects  are  giving  the  subject  thorough 
investigation. 

Be  prepared  to  specify  the  best  types  of  mechanical 
handling  machinery  by  securing  literature  illustrating 
and  describing  the  Mathews  line  of  Standard  Equip- 
ment— the  oldest  and  best  known  in  America. 

GRAVITY  ROLLER  CONVEYERS 

GRAVITY  WHEEL  CONVEYERS 

AUTOMATIC  ELEVATORS 

GRAVITY  ROLLER  SPIRALS 

GRAVITY  SPIRAL  CHUTES 

POWER   PALLET    CONVEYERS,    Etc. 


AnENTION    OF    MECHANICAL    ENGINEERS 

Cut  out  this  coupon,  attach  it  to  your  letter  head  \ 
and  we  will  mail  our  full  set  of  catalogs  and  bulle-  ( 
tins  illustratlnti  and  describing  the  Mathews  line  / 
of  Standard  Equipment,  consisting  of  Gravity  ) 
Conveyers,  Automatic  Elevators,  Gravity  Roller  \ 
Spirals,  Gravity  Spiral  Chutes,  etc.  Sooner  or  j 
later  you  will  have  use  for  the  information  given  \ 
In  our  literature.  ' 


Mathewa  Gravity  Roller  Carriers  and  Steel  Chutes  in  a  Biscuit  Factory 

We  have  branch  offices  in  all  leading  American  cities  with  com- 
petent engineers  in  charge.  Personal  assistance  given  to  architects 
and  engineers  in  working  out  handling  systems  for  their  clients. 
We  make  no  charge  for  this  service. 


Main  Office  and  Factory 


EllwoodCily,  Pa. 


Branch  Factories: 
TORONTO,  ONT 
LONDON,  ENC. 


■'iiiBiiaimin'MiniiiBBii 


iBBijcMipmraisii) 


A  Salesman  Reports: 


I 


1 


Frorr.  Philadelphia,    liarch   31,    1914. 
JO  Akron,   Ohic. 

In  retiiylng  refer  to  theae   initials 
HliP.-S-H.      Your   letter   TAB-S-W-   5/SS/l4. 


K8H^  Papor  Co, , 
MKOt    Pa. 

Conveyor  Belting. 
Departaent  #15 


In   reply  tc  your  letter  as  above.      Under  date   or  February  2,    our  Mr.   Becliet 
reported   on   tns  above   concer'i.      Our  belt  ■■va.o  then    in   service  aa  long   as  ar.y  bBlt 
thev  have   ever  used,    and   they   ercpected   to  get  one  or  two  months  more   aorvicc 
out' of  it.      Mr.   G.    C.  4flB  said    it  "sae   the   o.iBt  belt   they  have  ever  bad. 


.^. 


The  B.  F.  Goodrich  Co. 

Factories:  Akron,  Ohio 
Bruiches  in  All  Principal  Cities 


Mi&n^^-:^miiJiuii 


iTTA 


y 


will  reduce  your  tonnage  costs,  too. 


We  will  furnish  the 
name  of  this  phint 
upon  request 


There  is  nothing  in  Goodrich 

Advertising  that  isn't  in 

Goodrich  Goods 


Makers  of 

Goodrich  Tires  and 

Everything  that's  Best  in  Rubber 
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The    Best   Steel 


obtainable  might  be  made  into  wire  which 
would  be  too  hard  and  brittle  to  make  a  good 
wire  rope. 

Or  the  wire  might  be  of  a  quality  that 
would  stand  all  tests  and  yet  make  a  poor  rope, 
because  of  lack  of  care  and  skill  in  stranding, 
or  because  of  an  improper  design. 

The  good  rope,  the  kind  which  wears  well 
and  gives  satisfactory  service,  is  made  from 
wire  of  uniform  quality,  stranded  together  in  a 
workmanlike  manner  in  accordance  with  de- 


signs, planned  in  the  light  of  experience  in 
manufacture  and  close  study  of  the  operation 
of  wire  rope  in  use. 

The  rope  that  bears  the  above  trade  mark 
is  known  wherever  wire  rope  is  used  as  one 
which  wears  well  and  gives  the  best  service  of 
which  wire  rope  is  capable. 

Such  a  reputation  is  not  an  accident  but 
the  natural  result  of  a  thorough  appreciation  of 
what  must  be  done  to  make  a  good  rope,  and 
the  necessary  facilities  for  doing  it. 


John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 
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FORTUNA 

Portable  Electric  Drills 


FOR 


Drilling,  Reaming  and  Tapping 


HAND  AND  BREAST  DRILLS 
HEAVY  SERVICE  DRILLS 

Ventilated  and  Watertight 


Fortuna  Machine  Company 


127   Duane  St. 


NEW  YORK 


THE 
INVOLUTE  GEAR 

SIMPLV  EXPLAINED 

We  feel  sure  that  you  would 
be  interested  in  the  above  cir- 
cular, which  will  be  sent  on  re- 
quest. The  title  g-i\es  a  concise 
idea  of  the  contents. 


THE  FELLOWS  GEAR  SHAPER  CO. 

23  Pearl  Street 

Springfield,  Vermont 
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The   Rack  Type 

ALLIANCE 

Soaking  Pit  Crane 

embodying  all  the  latest  improvements,  is  exceedingly 
fast  and  accurate  in  all  its  movements.  The  crane  shown 
abo\'e  is  one  of  a  number  of  this  type  installed  in  the 
plant  of  the  Indiana  Steel  Co. 

We  are  now  building  what  will  be  the  largest  cranes  of 
this  ty|)e  in  use  anywhere. 


j       PITTSBURG     OtXa/y^,.' .-fyiuFriKliirmif  i\  horltltlar/err  Cnaa     NEW  York 


LIA^CE  MaOTRE^ 

Fifty  Cents  a  Day 

added  to  your  operating  costs  will  soon 
make  up  the  difference  between  the  cost 
of  a  CLYDE  and  that  of  a  cheaper  hoist. 
Now  the  Clyde  Hoist  is  made  with  the 
one  idea  of  doing  the  work  more  economi- 
cally:—  you  can  count  on  the  saving, 
which  will  go  on  long  after  the  difference 
in  cost  is  wiped  out. 

The  Clyde  Diamond 


CLYDE 


^ 


C    LY  D   E. 


on  a  hoist  means  a  guar- 
antee of  satisfaction. 


i?^oull  find  a  RGpcat- 
i)rder  built  into  evepr 
oist  of  ClYdcGraae* 


IRON       V/  O   R   1^<S 


"^y 


Strong,     Accurate     and      Beautiful 

Aluminum    Die-Castings   Offer 

Real    Economies    Within    a 

Wide  Field  of  Usefulness 

Aluminum  hardenid  with  8  per  cent  of  copper  and  die  cast  by 
the  Doehler  process,  has  almost  the  strength  of  steel.  It  ccmes 
from  the  mould  with  uniform  grain  inside  and  with  dimen- 
sions accurate  within  .001  to  .005  inch,  depending  upon  the  si?e 
and  design  of  the  casting.  The  finish  is  perfect  to  meet  exacting 
requirements  in  most  ca^es  without  any  machine  work. 

The  high  character  of  our  work  is  generally  recognized  in  tht 
trade.  Your  best  interests  demand  careful  mvestigation  of  our 
product  and  reading  of  our  literature.  Send  for  samples  and 
literature  today. 

COURT  a  NINTH  STS. 
BROOKLYN,  N.Y. 

Western  Plant:  E.  Woodruff  &  N.   12th  Sts..  Toledo.  Ofiio. 

-Makers  of  .Muniinum  and  \\'hite  Metal  Die  Castings  and 
Babhitt-lined  Bronze  Bearings. 


MANUFACTURIRS  o/ CLYDE-GRADE   HOliTING   MACHINERY 

Dul.jth,      Minnesota      II   5   A 


6-Arm  Frlctloa  Clutch  Coupling 

FALLS  Transmission  Machinery  is  the  result 
of  a  generation  of  technical  research  for  ob- 
taining proper  efficiency.  Falls  Clutches  are 
dependable  with  minimum  frictional  losses. 

Full  and  complete  line  of 
Bearings,  Couplings,   Head  Shaft  Hangers, 
Floor  Stands,         Base  Plates,        Etc., 

Designed  for  service  and  durability. 

Our  Engineers  are  specialists  on  equipinents  for  the 
economical  distribution  of  power,  and  are  always  at  your 
service. 

FALLS  CLUTCH  &  MACHINERY  COMPANY 

CUYAHOGA  FALLS,  OHIO 

(Branches) 
NEW  VORK  CITY  BOSTON,  MASS.  CINCINNATI.  O. 


206  Fulton  St. 


54  Purchase  St. 


20S  Elm  St. 


o.  s. 

LOCOMOTIVE 
CRANES 

are  unsurpassed  for  simplicity  of  design  and 
accessibility.  There  are  but  four  power  shafts 
in  the  main  hoist.  All  gears  are  of  cast  steel 
and  all  friction  surfaces  are  of  bronze.  The 
engines  operate  continuously  in  one  direction, 
thus  simplifying  the  operation  of  the  crane 
and  preventing  accidents. 

All  Types  for  all  Places 

including  all  styles  and  sizes  of  standard 
and  broad  gauge  locomotive  cranes,  wrecking 
cranes,  revolving  drag  bucket  excavators,  full 
circle  swing  steam  shovels,  etc. 

We  shall  be  pleased  to  submit  complete 
proposition  and  specifications  on  your  par- 
ticular requirements  if  you  will  outline 
them  to  us. 

Orton  &  Steinbrenner  Co. 


Main  Office 

CHIC\GO   ILL 


Factori- 

HUNTINGDON,  IND 


Send  for  Copy  of  this 

JEFFREY  BULLETIN 


1 1  contains  28  pages  of 
\aluable  information, 
illustrations  and  de- 
tails of  more  than  100 

Jeffrey    Elevating 

and  Conveying 

Installations 

solving  all  kinds  of 
situations  in  the  hand- 
ling of  Bags,  Barrels, 
Boxes  and  Miscella- 
neous Packages. 


W       Mail   the   coupon   for   your   copy  today.     It    may       V 
be  of  assistance  to  vou    in   your  immediate  work.  ^ 


^  —  —  ———  —  —Return    Copy—  —  —  —  —  ^  ^—^ 

I  A.  S.  M.  E.  Sept.  1914       1 

,    Jeffrey  Mfg.   Co.,  cdumbus,  o. 

I         Please   send   copy   of   your   Bulletin   Xo.  74.  on  Freight     . 
I     and  Package  Handling. 


I 


Name 
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I     Address  .  -  . 


Every  Engineer    Automatic  Control 


is    vitall}^    interested   in 
efficiency. 

Sprague    Electric 


HOISTS 


are     prime     factors     in 

solving  efficiency 

problems. 

Get  a  copy  of  Pamphlet  No. 
90560.  A  brief  synopsis  of  the 
problems  solved  by  Sprague 
Hoists. 


Complete  information  upon  request  | 

ST>  -n       A    ^"^    ¥  T  IT      ELECTRIC 

Mr  rx. jtV^jt  \J  mL^   works  | 

OF  GENERAL  ELECTRIC  COMPANY  |    | 

Main  Offices:     527-531  West  34th .Street 

NEAV  YORK,   N.  Y.  j   | 

Branch     Offices      in      Principal     Cities  ■    I 


Wherever  there  is  a  manu- 
facturing process  in  which  heat 
or  time  or  pressure  is  a  factor, 
the  Tagliabue  System  of  Auto- 
matic Control  will  save  fuel, 
lighten  labor  costs,  practically 
eliminate  waste,  improve  the 
quality  of  the  product,  and  ab- 
solutely guarantee  its  uniform- 
ity. 

Tagliabue  Controllers  usually 
earn  their  cost  in  a  few  months, 
and  they  last  a  life-time. 

If  you  will  tell  us  what  you 
make,  we  will  give  you  not  only 
the  successful  experience  of  other 
manufacturers,  but  complete  de- 
tails of  the  solution  of  ^our  own 
temperature  problems. 


ClxJ.TAGLIABUE  MFG.CO:^ 


TEMPERATURE  ENGINEERS 

18  to  88  Thirty=Third  St.,  Brooklyn,  N.  Y. 
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There     won't      be     any      more      gear     noise      on      any 

machine   after  these   NEW    PROCESS 

NOISELESS    PINIONS   are   Put   on 

Why  not  suppress  the  useless  gear  noises  by  replacing  offensive  metal  pinions 
with  quiet  New  Process  Hawhide  Pinions — which  would  help  to  bring  your  plant 
and  your  output  up  to  present  day  high  standards  and  at  the  same  time  earn  the 
gratitude  of  your  cmoloycs  r* 


NEW  PROCESS  IS  TO  ALL  OTHER  RAWHIDE  AS  STEEL  IS  TO  IRON 


noN 


SYRACUSE.  N.Y 

CANADIAN  AGENTS:  Robert  Gardner  &  Son,  Ltd..  Montreal         m 


BECO 


Brown  Pyrometers 


Are  used  for  measuring  temperatures 
trom— 200°  to  +3600°  Fahrenheit. 
Over  4000  BrowTi  Electric  Pyrometers 
are  in  general  service,  under  the 
most  severe  conditions.  Our  56-page 
Catalogue    would    interest    you 

THE  BROWN  INSTRUMENT  CO. 

j  PHILADELPHIA,   PA. 

NEW  YORK  PITTSBURGH  CHICAGO 
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OIL-BURNING  ENGINE 

A  two-cycle  doul)le  acting  horizontal  engine, 
"^  operating  on  the  Diesel  principle  and  de- 
signed and  constructed  on  the  lines  of  a  steam 
engine.  We  guarantee  fuel  consumption  not  in 
excess  of  7J4  gallons  of  crude  or  refuse  oil  per 
100  B.  H.  P.  hours  when  operating  at  or  near 
full  load. 

STANDARD  SIZES  300  to  600  B.  H.  P. 

Let  us  send  you  descriptive  matter  cover- 
ing details  of  construction  and  operation. 

HERBERT  B.  RUST,    Sales  Agent 

14-22  Peck  St.,  Providence,  R.  I. 
THE  BROWN  ENGINE  CO.,  Fitchburg,  Mass. 


FormC 
Tachometers 

The  "Standard"  for  the 
direct  indication  of  revo- 
lutions per  minute. 

A  permanently  accurate  in- 
strument with  only  one 
moving  part. 


Every  Mechanical  Engineer 
should  have  one  of  our 
complete  catalogues  show- 
ing over  25  different  styles 
of  counters — Free  upon 
request. 

THE  VEEDER  MFG.  CO. 

16  Sargent  St. 
HARTFORD,  CONN. 

Makers  of 

'Cyclometers,  Odometers, 

Tachometers,  Tachodometers, 

Counters  and  Small  Die  Castings. 
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TEXACO  LUBRICANTS 

Whether  you  use,  make,  or  sell  power,  you 
must  employ  lubricants. 

The  care  with  which  you  select  them  influences 
the  efficiency  of  your  plant. 
The  care  with  which  we  have  selected  the 
Texaco  Lubricant  most  suited  to  each  pur- 
pose insures  the  utmost  in  lubricating  efficiency 
to  the  consumer. 

We  have  customers  operating  plants  of  all 
sizes  and  every  description,  who  are  daily  at- 
testing to  the  advisability  of  buying  oils 
under  the  Texaco  Red  Star  Green  "T"  trade- 
mark. 
Investigate.     It  will  benefit  us  both. 

The  Texas  Company 

Houston  New  York 

Deparbnent  M.  E.,  17  Battery  Place,   New  York 

Branch    Offices: 
Boston  Chicago  Atlanta  Dallas  Pueblo 

Philadelphia         Norfolk         New  Orleans      El  Paso      Tulsa 


Franklin    Die  -  Cast    Parts 


That  is  why  the  term  has  often  been  incorrectly 
used  to  cover  any  make  of  die  castings. 
Franklin  castings  are  backed  by  twenty  years 
practical  experience.  They  can  be  secured  only 
irom  the  Franklin  Manufacturing  Company. 
Remember  that  when  you  place  your  order  for 
die  cast  parts. 

Let  us  send  you  Booklet  I)  which  tells  you 
what  Franklin  experience  means  in  furnishing 
die-cast  parts  that  are  right. 

FRANKLIN  MANUFACTURING  CO. 


404  South  Geddes  St. 


Syracuse,  N.  Y. 


Main  Drives 


IN  equipping  a  factory,   large  or  small,   there  is  no  one  detail  that 
should  be  given  more  careful  attention  than  the  main  belt  drives. 
The  measure  of  a  factory's  entire  output  depends  on  this.    A  poor 
drive  will  lose  for  its  owner  more  money  in  lost  power,  reduced  output 
of  machines,  etc  ,  than  can  be  saved  by  the  purchase  of  a  dozen  cheap 
belts. 

Harrington  Emerson,  foremost  authority,  says  that  tests  in  the  Santa 
F6   Railroad  Shops  proved   that  the  yearly   maintenance  cost  of  the 
best  belting  was  14*^  of  its  first  cost,  with  belting  bought  on  price,  it 
was  loo'^f  of  its  first  cost. 
True  economy  is  secured  by  the  use  of 

Cocheco   Belting 

for  main  drive  work.     It  is  heaviest  and  best    n  stock,  workmanship  and 
all.    Let  us  quote  you  next  time. 

I.   B.  WILLIAMS   &   SONS 

DOVER,  N.  H. 


72  Murray  Street 
NEW  YORK 


14-16  N.  Franklin  Street 
CHICAGO 


157  Summer  Street 
BOSTON 


C.  H.  Wlieeler  Condensers 

We  guarantee  our  apparatus  to  maintain  a  vacuum  as  close  to 

absolute  as  Is  commercially  possible,  and  with  the 

lowest  operating  and  maintenance  cost. 


The  C.  H.  WHEELER  "  High  Efficiency' 
of  Steam  Auxiliaries  includes  : 


System 


C.  H.  WHEELER  High  Transmission  Surface  Condensers. 

C.  H.  WHEELER  Counter  Current  Central  Barometric;  and  High 

Vacuum  Low  Level  Jet  Condensers. 
C.  H.  WHEELER-PRATT  "ROTREX"  Patent  Vacuum  Pumps. 
C.  H.  WHEELER-MITLLAN  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-THYSSEN  Hydraulic  Entrainment  Type  High- 
Speed  Vacuum  Pumps. 

C.  H.  WHEELER  IMPROVED  Rotative  Dry  Vacuum  Pumps. 

C.  H.  WHEELER  Centrifugal   Pumping  Machinery,  all  capacities. 

Belt.  Engine.  Turbine  or  Motor  driven. 
C.  H.  WHEELER-PRATT  Water  Cooling  Apparatus.  Forced  and 

Natural  Draft  designs.     Sold  on  efficiency,  durability  and  low 

maintenance  guarantees. 

C.  H.  WHEELER  Improved  Closed  Feed  Water  Heaters  for  primary 
or  auxiliary  service. 

C.  H.  WHEELER  Vertical  Enclosed  Self-Lubricating  Engines. 
C.  H.  WHEELER  Atmospheric  Exhaust  Valves. 
Multiflex  Automatic  Relief  Valves. 
Expansion  Joints. 


'  Everything  but  the  Turbine  " 


C.  H.  WHEELER  MANUFACTURING  CO. 

PHILADELPHIA,   PENNA. 


BRANCHES 
New  York       Plttsburgb        Chicago  San  Francisco 

Boston  Cleveland         ClDctoDati      Cbarlotu 


New  Orleans 
Honolulu  T.  H. 
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This  illustration 
shows  a 


Double  Suction 

PROVIDENCE 

PUMP 


Cable  Railway  at  Gas  Plant 

i  "HUNT"  MACHINERY 

I  for  haiullin^;  ("oal.  t'oku,  Ashes,  Ore,  Stone,  Sand, 

1  <"ira\'tl,  FiTiilizLT  Materials,  etc.,  has  been 

!  Standard  for  40  Years 

I  I'lll  u-  your  problem  an<l  let  us 

I  help  you  solve  it. 

S 

g  Pamphlet  S-I02  is  free  and  Interesting 

I  C.  W.  HUNT  CO.,  Inc. 

I  West   New   Brighton,   N.  Y.,    U.  S.  A. 

I  4S  Broadway.  N.  Y.  City                                      Fisher  BIdg      Chicagc 

g  Evans  Building.  Washington 
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Providence  Pumps 

are  built  for  all  purposes  in  capacities 
of  100  to  100,000  gallons  per  minute. 

Double  Suction  Pumps  for  moderate  heads. 

Stage  Pumps  for  greater  heads  or  pressures. 

Send  for  Bulletin 

PROVIDENCE    ENGINEERING  WORKS 

Providence,  Rhode  Island 
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Water  as  hot  as 
exhaust  steam — cost  of 
upkeep  less  than  you'd  expect 
for  the  National 

Direct-Contact 
FEED  WATER  HEATER 

has  upward  filtration.     The  filter 

material  lasts  longer — it  cannot 

1)6  carried  to  the  pump. 

Catalog  No.  2 


The  National  Pipe  Bending  Co. 


New  Haven,  Conn. 


45-67 

■.iiiiimi 


One  of  the  largest  collections  of 
engineering  literature  in  the  world  is 
the  Engineering  Library  in  the  En- 
gineering Societies  Building,  29  West 
39th  Street,  New  York. 

It  comprises  65,000  volumes,  in- 
cluding many  rare  and  valuable  refer- 
ence works  not  readily  accessible  else- 
where. Over  700  technical  journals 
and  magazines  are  regularly  received, 
including  every  important  engineer- 
ing journal  in  the  world  in  the  me- 
chanical, electrical  and  mining  fields. 

The  library  is  open  from  9  a.m.  to 
9  p.m.,  with  trained  librarians  in  con- 
stant attendance.  Its  resources  are 
at  the  service  of  the  engineering  and 
scientific  public. 
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EVERY  ENGINEER  SHOULD 

HAVE  A  COPY  OF 

THIS  BOOK 

As  the  demand  for  Moore  & 
White  Friction  Clutches  is 
greater  today  than  ever  among 
the  leading"  manufacturers.  Fmtion  outch  Puneys for  25""  rpm- 

A  Copy  Will  Be  Mailed  Free    Upon    Request 

THE    MOORE    &   WHITE    CO.         -        -        -  Philadelphia,    U.S.A. 


S 

FRICTION 
CLVTCHES 

■mt  MOORE  t-WMITECO 

PXiLADEk.^HI'k 

1 
'i 

i 
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THE  A.  &  F.  BROWN  CO. 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  MILLWRIGHTS 


POWER  TRANSMISSION  MACHINERY 

DESIGNED,  FURNISHED  AND  ERECTED 


Friction  Clutch  Pulleys 
and  Couplings 


SPECIAL  MACHINERY 


IRON  CASTINGS 


Gears    of   all  kiada 
and  sizes 


WORKS:  ELIZABETHPORT 
NEW  JERSEY 


Sales  room:  79  BARCLAY  ST. 

NEW  YORK  CITY 


DISTRIBUTION  VALVES  and  SUPERHEATED  STEAM 

Always  the  greatest  knowledge  and  skill  are  exercised  in  Designing  an  Engine  in  order  to 
secure  the  most  Efficient  and  Economical  use  of  the  Steam.  Do  not,  therefore,  Overlook 
the  Importance  of  Frictionless,  Steam-Tight  Distribution  Valves  which  remain  Steam- 
Tight  and  Frictionless. 

To  say  the  least,  it  is  not  wise  to  use  poorly  balanced,  leaky  valves  on  an  Engine  which 
has  otherwise  had  knowledge  and  skill  applied  in  its  designing. 

Put  it  up  to  Valve  Specialists. 

AMERICAN  BALANCE  VALVE  CO.,  Jersey  Shore, 


PENNA. 
USA 


VALVE  SPECIALISTS  SINCE  1890 
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tOXBORO 


TRADE     MARK 


INDICATING  AND  RECORDING 
GAUGES 

FOR  ALL  PURPOSES 

ALSO 

THERMOMETERS— TEMPERATURE  CONTROLLERS 
-PYROMETERS-TACHOMETERS-FLOW  METERS 

Send  for  Bulletin  No.  A.O.  74 

THE    INDUSTRIAL    INSTRUMENT    CO, 

FOXBORO,  MASS.,  U.  S.  A. 

New  York     Chicago    St.  Loois     Birmiogfaam,  Ala.     Sao  Francisco 
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O.  K.    SPEED    REDUCING    TRANSMISSIONS 

C/VE    RESULTS     WHERE    OTHER    DRIVES  FAIL 

DESIGNED    FOR   HEAVY    DUTY   AND   CONTINUOUS    SERVICE 
A  HIGHLY  EFFICIENT   PLANETARY   TRANSMISSION 


The  above  cut  represents  seven  Model  B  Speed  Reducing  Outfits:  ratio,  25.6:1:  Direct 
connected  to  <:;eneral  Electric  Motors,  5  H.  P.,  1140  R.  P.  M.,  glvlnfi  a  driven  speed  of 
45  K.  P.  M.  Motors  and  reducers  are  mounted  on  cast  Iron  bedplates.  The  above 
outfits  operate  feed  driers  la  a  large  cereal   plant. 


O.  K.    REDUCERS    ARE    MADE    IN    RATIOS    AS    HIGH    AS     1600:1    OR    MORE. 

PLANT   EQUIPMENT 


INVESTIGATE   BEFORE    DECIDING   ON    YOUR 


Send  for   Bulletin   No.  4 


D.  O.  JAMES  MFG.  CO.,  1122  W.  Monroe  Street,  Chicago 


ELECTRIC  &  HAND  POWER  CRANES,  PORTABLE  ELECTRIC  &  MONORAIL  HOISTS 

r 


ALFRED  BOX  &  CO.,  Philadelphia,  pa. 


Ill  III  I     III      I  ■      I IL  III  II  mil  I  III     I  111  I 


Over 

50,000 
miles 
in  use 


Continuous  Rail  Joint 


Weber  Kail  Joint 


The  Rail  Joint  Company 

GENERAL  OFFICES:   185  Madison  Avenue,  New  York  City 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special 
Rail  Sections,  also  Girder,  Step  or  Compromise,  Frog  and  Switch, 
and  Insulated  Rail  Joints,  protected  by  Patents. 

Highest  Awards— Paris,  1900;  Buffalo,  1901;  St.  Louis,  1904. 


Rolled 

from 

Best  Quality 

Steel 


Wolhaupter  kail  Juint 


Catalog  at  Agencies 


Boston,  Mass. 
I  hicago.  111. 
Denver.  Colo. 
Philadelphia,  Pa. 
Pittsburgh,  Pa. 
Portiand,  Ore. 
>t.  Louis.  Mo. 
Troy.  N.  Y. 

Montreal.  Can. 


London,  E.  C,  Eng. 


India  Bldg. 

Railway  Exchange  lildg. 

Equitable  Bldg. 

Pennsylvania  Bldg. 

Oliver  Bldg. 

Wilcox  Bldg. 

Commonwealth  Trust  Bldg. 

Burden  Avenue 


Board  of  Trade  Bldg. 


36  New  Broad  St. 


i|]|||lll!ll|[!i1lllllllllllll!l{|li(li]|||||lillll[llli|||llll|i||llllllllllllllllll!lli 


AUBURN     BALL    THRUST    BEARINGS 


Quick  Deliveries 

Regular  and 
Special  Bearings 


Write  for  Circulars 
Also  Steel,  Brass  and  Bronze  Balls 

AUBURN  BALL  BEARING  COMPANY,  20  Elizabeth  Street,  Rochester,  N.  Y. 
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POP     SAFETY    VALVES,     RELIEF     VALVES 
PRESSURE  AND  VACUUM  GAGES 

OF  BOTH  REGISTERING  AND  RECORDING  STYLES 

All  of  a  superior  quality  and  guaranteed  to  give  greatest  efficiency,  dur- 
ability and  perfect  satisfaction.  Backed  by  a  reputation  secured  in  42  years  of 
successful  business. 

Complete  Catalogue  mailed  upon  request. 

THE  ASHTON  VALVE  CO. 

Established  1871 

271  Franklin  St.,  BOSTON,  MASS. 
128  Liberty  St.,  NEW  YORK  174  N    Market  St     CHICAGO 


II    ■    HI    III  H    II     I 
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Green  Chain   Grate    Stokers 

For  Water  Tube  and  Tubular  Boilers 

GREEN  ENGINEERING  CO. 

Steger  Building  Chicago,  111. 

Catalogue   "  G  " — Green  Chain  Grate  Stokers  for  free  burning  bituminous  coaU. 
Catalogue   "L" — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue   No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 

Sent  on  application 


iiiiiiiiiiiiiiiiniiiiiiiiiiniiiiii. i:f 
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THE  BABCOCK  &  WILCOX  COMPANY 


85  LIBERTY  STREET,   NEW  YORK 


WATER  TUBE  STEAM   BOILERS 


STEAM   SUPERHEATERS 


MECHANICAL    STOKERS 


Works:  BARBERTON,  OHIO        BAYONNE,  N.J. 


BOSTON,  35  Federal  St. 

PITTSBURGH.  Farmers  Deposit  Bank  Bldg. 

SALT  LAKE  CITY.  313  Atlas  Block 

CLEVELAND  New  England  Bldg. 

LOb  \NGLLEb  A      r    a    Bank  Bl  Ig 


BRANCH  OFFICES 

PHILADELPHIA,  North  American  Bldg. 
NEW  ORLEANS.  Shubert  Arcade 
CHICAGO,  Mnrquette  Bldg. 
PORTLAND,  ORE..  Wells-Fargo  Bldg. 
SLAT  ILL  Mut  al  L  fe  Bl  Ig 


SAN  FRANCISCO.  99  First  Street 
DENVER.  435  Seventeenth  Street 
ATLANTA.  Candler  Bldg. 
HAVANA.  CUBA.  116J  Calle  de  la  Habaua 
CINCINNATI    Tract    n  Bl  Ig 


I  > 


i     111 


KEELER 


/     ^^^'"^     BUILT  BV^^'?' 

E.KEELERCO. 


U.S. A- 


ESTABLISHED  1864 
New  York  Rochester 

Philadelphia  Pittsburgh 

Cleveland  Chicago 

Dallas  San  Francisco 


Keeler   Cross   Drum   Type 


'pHE  Cross  Drum  Boiler  was  designed  to  meet 
the  demand  for  a  high-grade  water  tube 
boiler  that  could  be  installed  in  office  buildings, 
s  hool  houses,  apartment  house.s,  hotels  and 
boiler  rooms  generally  where  ceiling  height  is 
limited  or  where  the  boiler  must  be  introduced 
through  restricted  openings. 

The  boiler  is  shipped  knocked  down,  and  can 
be  assembled  without  riveting,  is  of  all  wrought 
steel  construction,  and  is  built  in  units  of  from 
sixty  to  six  hundred  horse  power. 

In  use  by  U.  S.  Government. 

Ask  for  our  new  illustrated  catalogue 


■mini 
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CENTRIFUGAL  PUMPING  MACHINERY 

Morris  Machine  Works 


Baldwinsville,   N.  Y. 


HENION  &  HUBBELL,  Agents 

217-221  N.  JeBerson  St.,  ChicaSo,  111. 

HARRIS  PUMP  &  SUPPLY  CO.,  Agents 

Pittsburgh,  Pa. 


H.  A.  PAINE.  Agent 
Houston.  Tex. 


Charlotte,  N.  C. 


iiiioiuiinmii 


R.  D.  WOOD  &  CO. 

PHILADELPHIA,  PA. 

BUILDERS  OF  Gas  Holders,  Single  and  Multiple  Lift;  Gas 
Plants;  Gas  Producer  Power  Plants;  Hydraulic  Presses  and 
Heavy  Hydraulic  Machinery;  Pumping  Engines,  Centrifugal 
Pumping  Plants;  Water  Works  Appliances;  Steel  Tanks;  Sugar 
House  Apparatus  ;  Heavy  Special  Machinery  ;  Theisen  Washers. 

MANUFACTURERS  OF  C.  I.  Pipe,  Gas  Works  Apparatus, 
Centrifugal  Pumps,  Hydraulic  Tools  of  all  description,  Hydrants 
and  Valves,  Gas  Producers 


New  York  Office, 
39-41  Cortlandt  Street 


ENGINEERS 
IRON  FOUNDERS 
MACHINISTS 


I    I  n  ■■■Hiiiiii 


CURTIS  TURBINE  FOR  SALE 

Turbine  includes  ihc  following:  i — 3000  K\v.  General  Electric,  4600  volt,  three  phase,  four  stage.  720  RPM.  Vertical 
Turbine,  including  condenser  base  and  tubes.  1 — Laidlaw-Dunn-Gordon  dry  vacuum  pump.  2 — Oil  step  bearing  pumps. 
1 — motor  driven  circulating  pump.  1 — Edwards  steam  driven  combination  air  and  wet  pimip.  1 — Upper  bearing,  1 — middle 
bearing,  i — lower  bearing,  2  or  3  step  blocks.  1 — .Atmospheric  valve  with  connection  to  condenser,  i — exhaust  head  and 
as  much  galvanized  iron  jiiping  for  same  as  we  can  furnish.  I — e.xtra  valve  casing  and  floor  plates  around  turbine.  All 
apparatus  in  strictly  first-class  operating  condition.  Was  removed  from  Power  Plant  to  make  room  for  an  8000  KVA.  unit 
installed  in  its  place,     ("an  make  immediate  shipment  and  we  will  make  a  low  price  on  quick  sale. 


THE  EDISON  ILLUMINATING  CO.,  DETROIT,  MICH. 


n  ii      liimm  w   m^ 


n  u   iu    nH  iL 


EMGIMES     FOT^     SAl-E 

One  Harris-Corliss  cross  compound  900  H.P.,  cylinders  20"  x  48",  stroke  4S",  R.P..M.  75,  driving  wheel  98"x2o', 
complete  with  automatic  stop,  gauge  board,  receiver,  engine  piping  and  Warren  air  pump  14"  x  28"  x  18".  Installed 
December,   1903. 

One  Watts-Campbell  cross  compound  800  H.P..  cylinders  24"  x  44".  stroke  48 ",  R. P.M.  75,  driving  wheel  56"  x  24', 
complete  with  automatic  stop,  gauge  board,  receiver,  engine  piping  and  Warren  air  pump  12"  x  25"  x  18".  Installed 
August,   1902. 

One  Mclntosh-Seymour  tandem  compound,  cylinders  21  "  and  42",  stroke  30".  R.P.M.  150,  direct  connected  to  West- 
inghonse,  D.  C.  generator,  500  K.W.  125-250  volts,  complete  with  receiver,  engine  piping.  Warren  air  pump  12"  .x  20"  x  18 ", 
and  switchboard  consisting  of  Breaker  panel  having  2  ammeters  and  rheostat  and  distributing  panel  having  5 — 400-amp. 
switches,  2  ammeters,  volt  meters  and  instrument  switch.     Installed  October,  1908. 

One  Watts-Campbell  single,  150  H.P.,  cylinder  18",  stroke  42",  R.P.M.  85,  driving  wheel  28"  x  13',  complete  with 
gauge  board  engine  piping  and  Dean  air  pump  8"  .x  14"  x  18".     Installed  Sept.  1902. 

For  price  and  further  particulars  address 

AMERICAN   PRINTING   COMPANY       -        -        - 


FALL  RIVER,  MASS. 
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STEAM   ENGINES,  TURBINES   AND   BOILERS 


PROVIDENCE,  R.  I. 


ALMY  WATER  TUBE  BOILER  CO. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river  steamers,  both 
propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey  Boilers  for  steamships  and  for  all 
kinds  of  stationarv  work. 


}yafer  Tube 
Boilers 


THE  BABCOCK  &  WILCOX  COMPANY  85  l.b.btv sth.^t  new  york 

\\'ater  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


Water  Tube 
Boilers 


BALL  ENGINE  COMPANY  erie.pa 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non-detaching  valve 
gear,  for  direct  connection,  or  belting  to  electric  generators. 

See  page  2  of  Condensed  Calalogties  of  Mechanical  Equipment,   1913   Volume. 


Steam 
Engines 


DE  LAVAL  STEAM  TURBINE  CO.  trenton,  n  j 

Steam  Turbines,  single  and  multi-stage,  for  all  services.  Centrifugal  Pumps,  single  and  multi-stage, 
for  all  capacities  and  all  heads.  Centrifugal  Blowers  and  Air  Compressors,  and  special  Centrifugal  Appa- 
ratus.    De  Laval  Speed-reduction  Gears. 


Steam 
Turbines 

Centrifugal 
Pumps 


EDGE   MOOR   IRON   COMPANY  edge  moor  Delaware 

Builders  of  the  Edge  Moor  Water  Tube  Boiler.  Especially  suitable  for  largo  power  plants.  Steel 
construction,  straight  tubes,  all  hand  holes  elliptical,  unrestricted  circulation  which  permits  forcing 
fires   with  safety  and  economy. 

See  page  23  of  Condensed  Catalogues  of  Mecha7iical  Equipment ,  1913  Volume. 


Water  Tube 
Boilers 


ERIE  CITY  IRON  WORKS 


ERIE,  PA. 

Boilers:  v/ater  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable,  open  bottom  port- 
able, vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City  "Lentz,"  four  valve,  enclo.scd  high 
speed,  automatic,  center  crank,  side  crank,  ijortable  and  Feed-\^'ater  Heaters  from  25  to  600  h.]). 


Steam  Boilers 
and  Engines 

Feed-  Water 
Heaters 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 


HARRISBITRG,  PA. 


Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and  Single  Valve,  Simple,  Tandem 
and  Cross  Compound. 


Steam 
Engines 


HEINE  SAFETY  BOILER  CO. 


ST.  LOUIS.  MO. 


etc. 


Heine  Safety  Water  Tube  Boilers,  Heine  Patent  Steam  Superheaters,  Steel  Stacks,  Housings,  Flues, 
See  pages  24,  25  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Steam  Boilers 
Superheaters 


THE   HOOVEN,    OWENS,    RENTSCHLER   CO.  Hamilton  ohio 

Manufacturers   of   Hamilton    Corliss  Engines,  Hamilton  High  Speed  Corliss  Engines,  High  Dut\ 
Pumping  Engines,  Power  Pumps  and  Compressors,  Special  Heavy  Castings. 

See  pages  6,  7,  309  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Engines 
Pumps 
Compressors 
Castings 
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Boilers 


E.  KEELER  COMPANY  ^villiamsport  pa 

Water   Tube,    Internal   Furnace  and  Return  Tubular  Boilers.     Self-Supporting  Stacks,  Feed  Water 
Heaters. 

Sic  page  27  of  Condensed  CataJngues  of  Mechanical  Equipment,  1913  Volume. 


Engines 

ContpressoTS 

Hoists 


NORDBERQ   MANUFACTURING  CO.  Milwaukee  wis 

Engineers,  DoiiiniTs  and  Huildns  (if  lliuli  F^ffieicncy  Corliss  Engines,  Uniflow  Engines,  Poppet 
Valve  Engines,  Air  Compressors,  Blowing  Engines,  Steam  and  Electric  Hoisting  Engines,  Pumping 
Engines  and  Steam  Stamps. 

See  pages  8,  9  of  Condensed  Catalogues  of  Mechaniail  Equijnneni,  1913  Volume. 


Engines 

Centrifugal 
Pumps 

Special 
Machinery 


PROVIDENCE.  R.  I 


PROVIDENCE  ENGINEERING  WORKS 

Rice  and  Sargent  Corliss  Engines,  Providence  Centrifugal  Pumps,  Improved  Greene  Engines  and 
repair  parts.  Special  Machinery. 

Sec  page  11  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Engines 

Refrigerating 
Machinery 


THE  VILTER  MFG.  CO. 


Establishfd  1SC7 


1070-10S8  Clinton  St..  MILW.iUKEE.  WIS. 


Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct-Connected  Service, 
medium  or  high  speed.     Ice  and  Refrigeration  Machines. 


Papers  on 
Steam 

Engines  and 
Boilers 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1071.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Mo.'^s,  price  SO. 10;  Xo.  922. 
Effect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price  .SO.  10;  No.  873.  Comparison  of 
Rules  for  Calculating  the  Strength  of  Steam  Boilers:  H.  de  B.  Parsons,  price  SO. 10;  No.  819.  I5oiler  and 
Furnace  Efficiency:  R.  S.  Hale,  price  $0.30. 


OIL  AND  GAS  ENGINES  AND  GAS  PRODUCERS 


Oil  Engines 


THE  BROWN  ENGINE  CO. 


FITCHBURG.   M.\SS 


Herbert  B.  Rr.sT.  .Apent 
14-22  Peck  St..  Providence.  R.  I. 


Manufacturers  of  the  BECO  Oil-Burning  Engine.     Operates  on  the  Diesel  principle.    Standard  sizes 
300  to  600  B.H.P. 


Refrigerating 

and 

Ice  Making 

Machinery 

Oil  and  Gas 
Engines 


DE  LA  VERGNE  MACHINE  COMPANY        u23e  issthSt       newyorkcitv 

Refrigerating  and  Ice  Making  Macliinerv,  5  to  600  tons  capacitv;  Oil  Engines  up  to  360  B.  H.  P.; 
Gas  Engines  75  to  2400  B.  H.  P. 

.See  page  20  of  Condensed  Calalogxies  of  Mechanical  Equipment,   1913  Volume. 


Steam 
Engines 

Oil  Engines 


FULTON  IRON  WORKS 


ST.  LOUIS.  MO. 


Manufacturers  of  Corhss  and  Medium  Speed  Engines,  Fulton-Tosi  Oil  Engines  Diesel  System,  Cane 
Sugar  Mills  and  Cru-shers. 


Gas  Engines 
and  Producers 


NATIONAL  METER  COMPANY 


NEW  YORK 

CHICAGO 

BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated  load  for  ten  consecutive  hours 
on  one  charge  of  fuel;  will  develop  a  B.  H.  P.  hour  on  one  pound  of  coal;  are  rehable  because  they're  Nash. 
See  pages  18,  19  of  Condensed  Catalogues  of  Mechariical  Equipment,  1913  Volunie. 
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THE  SMITH  GAS  POWER  CO.  lexington  ohio 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure  types.     Mechanically  Oper- 
ated Gas  Producers  in  large  units  for  power  and  heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants. 
See  page  22  of  ConJensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


Gas  Producers 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


JERSEY  SHORE.  PENNA. 


AMERICAN  BALANCE  VALVE  CO. 

We  make  Balanced  Slide  and  Piston  \'alves  for  IManufactiirers  of  Steam  Engines,  also  for  Old  Power 
Equipment,  from  Steam  Pumps  to  Battleships.     Write  us. 

See  page  130  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 

Slide  and 

Piston 

Distribution 


AMERICAN  ENGINEERING  CO. 


Machinists  and  Founders.     Builders  of  the  Tavlor  Stoker. 


PHILADELPHI.\ 


Stokers 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 


BOSTON.  MASS. 
Established  1S51 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  purpo.ses.  Iron  and 
Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive  use.  The  American  Thompson 
Improved  Indicator  with  new  improved  detent  motion.     The  American  Ideal  Steam  Trap. 

See  pages  110,  111  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 

Gauges 

Indicators 


THE   ASHTON   VALVE  CO.  boston        newyork        Chicago 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow  Off  Valves,  Pressure  and  Vacuum 
Gages.  All  of  a  superior  quality  and  guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satis- 
faction. 


Valves 
Gages 


W.     N.     BEST  11  Bhoadwat  newyork  city 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid  fuel  equipment. 


Oil  and  Tar 
Burners 

Furnaces 


WATERBURY.  CONN. 


THE  BRISTOL  COMPANY 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Thermometers.  The  Wm. 
II.  Brist(jl  Electric  Pyrometers.  Bristol's  Recording  Voltmeters,  Ammeters  and  Wattmeters.  Bristol's 
Recording  ^^'ater  Level  Gauges.    Bristol's  Time  Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


Recording 
Gauges  and 
Instruments 


THE    BROWN   INSTRUMENT  CO.  Est..bmsW  iseo        Philadelphia,  pa. 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  be  manufactured  in  this  country,  and  having 
the  largest  sale  today.  Also  manufacturers  of  Thermometers,  Speed  Indicators  and  Recorders,  Voltmeters, 
Ammeters  and  kindred  instruments. 


Pyrometers 

Thermom- 
eters 

Tachomet-ers 


THE  INDUSTRIAL  INSTRUMENT  CO.  foxboro  mass 

Manufacturers  of  the  "Foxboro"  Indicating  and  Recording  Instruments:  Indicating  and  Recording 


Thermometers;  Electric  Pyrometers,  Tachometers,  Mechanical  and  Electrical  Time  Recorders 
and  Recording  Pressure  and  Vacuum  Gauges,  Differential  Recording  Gauges,  etc. 


Indicating 


Indicating 
and 

Recording 
Instruments 
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Vcnturi 
Meters 

BUILDERS  IRON  FOUNDRY                                                providence  r  i 

Vciiluri  Meters  for  cold  water,  liot  water,  hriiie,  chemicals,  air,  gas,  steam,  etc.;  Globe  Special  Cast- 
ings for  water  works;  Grinding  and  Polishing  Machinery. 

See  page  70  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 

Valves 

CHAPMAN  VALVE  MANUFACTURING  CO.           indian  orchard  mass 

iJoHToN     Nlw  Yokk    dT  Louis     I'lTTsuuKtiH     Chicago    Philadelphia    San  Francisco 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates.    Send  for  catalogue. 

Src  pG'je  7G  of  Cotidctiscd  Catalogues  of  Mechanical  Equijmicnf,  1913   Volutuc. 

• 

Lubricators 
Grease  Cups 

CRESCENT  MANUFACTURING  CO.                                    scottdaie  pa 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups 

Valt'e 
Specialties 

Steam  Traps 

Governors 

G.  M.  DAVIS  REGULATOR  CO.                                    x.w  Y<fH^i'^^^i;  lo™ 

Manufacturers  of  Pressure  Reducing  Valves,  Back  Pressure  \'alve,  Steam  Trap,  Exhaust  Relief 
Valves,  Balanced  Valve,  Float  Valve,  Pump  Governor,  Boiler  Stop  and  Check  Valves. 
Sec  pages  104,   105  of  Condensed  Catalogues  of  Mechanical  Eguipment,  1913  Vohwie. 

Condensing 
Plants 

Air  Filters 

Separators 

Steam   Traps 

GENERAL   CONDENSER    CO.                             1250  x.  12xh  St.        Philadelphia,  pa. 

Complete  Condensing  Plants  for  High  Vacuum;  Counter  Current,  Jet  and  Surface  Condensers,  Air 
Pumps,  Pumping  Outfits,  Re-Cooling  Plants.     Oil,  Air  and  Steam  Separators.     Combined  Oil  Separator.^ 
and  Heaters.     Dry  and  Wet  Air  Filters.    Air  Extractors  for  Feed  Water  ("Airex'').     Return  and  Vacuum 
Steam  Traps. 

Stokers 

Pneumatic 

Asli 

Conveyors 

GREEN   ENGINEERING   CO.                                      steger  bcldlso        Chicago  ill 

Green  Chain  Grate  Stokers  for  free  burning  and  coking  bituminous  coals.     GE("0  Pneumatic  Ash 
Handling  Systems. 

See  pages  32,  33,  34  of  Condensed  Catalogues  of  Mechanical  Equipmcnl,  1913  Volume. 

Fuel 
Econom  izers 

Mechanical 
Draft 

Engines 

THE  GREEN  FUEL  ECONOMIZER  CO.                         matteawan.  n  v 

Fuel  Economizers;   Waste  Air  Heaters;   Fans,  Blowers   and   Exhausters;   Engines;  Positivflow  Hot 
Blast  Heaters,  Drying  Equipments;  Heating  and  Ventilating  Equipments,  Mechanical  Draft  Installations. 
.See  pages  46,  47  of  Condensed  Catalogues  of  Mechanical  Equijmient,  1913  Volume. 

Feed-\\  ater 
Heaters  and 
Purifiers 

Separators 

Metering 
Heaters 

HARRISON   SAFETY   BOILER   WORKS                                Philadelphia  pa 

Cochrane  Feed  Water  Heaters,  Cochrane  Steam  and  Oil  Separators,  Sorge-Cochrane  Hot  Process 
Softening  Systems,  Cochrane  Multiport  Valves,  Cochrane  Metering  Heaters. 

Valves 

HOMESTEAD  VALVE  MANUFACTURING  CO.         '^°TibTSBut3'=i^?' ^^- 

Manufacturers  of  "Homestead  ^'alves."    Straightway,  Three-way  and  Four-way,  for  blow-off  or  for 
highest  pressure  and  most  difficult  service  for  water,  air  or  steam.    Valves  unlike  all  others. 
See  page  82  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 

Valves 

Steam  Traps 
Separators 
Regulators 

THE  HUGHSON  STEAM  SPECIALTY  CO.                         Chicago  ill 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water.    The  best  and 
only  al)solutely  noiseless  Combination  Back  Pressure  and  Relief  Valve.     Pump  Regulators,  Separators, 
Steam  Traps,  Automatic  Stop  and  Check  Valves.     Write  for  complete  catalogue 

- 

39 


INQERSOLL=RAND  COMPANY  n  b«o.»w.t       newyork 

Air  Compressors,  twenty  standard  types,  capacity  8  to  9000  cu.  ft.  per  minute;  "Little  David." 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes  "Imperial"  Air  Motor  Hoists,  capacity  J2  to 
.5  tons. 

Si-c  jin(;cs  276,  277  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Mr 
Compressors 

Air  Tools  and 
Hoists 


NEW  YORK 
PHILADELPHIA 


BOSTON 
CHICAGO 


JENKINS  BROS. 

■  Manufa(  tunT3  of  tlie  genuine  Jenkins  Bros.  Valves,  made  in  brass,  iron  body,  and  cast  steel,  in  a  varirty  y(  typ-s, 
suitable  for  nioderato.  medium  or  extra  heavy  pressures.  Also  a  line  of  high  grade  mechanical  rubber  g'uxls  including  sheet 
packing,  gasket  tubing  and  pump  valves.     Illustrated  catalogue  sent  on  requeit. 

Sec  pages  84,  85  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 
Packing  Discs 


ROBERT  A.  KEASBEY  CO.  '°°  -^^  ^•^°,-,!- .  eoo-MLlf?,^''  "^^" 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia  A.sbestos  and  Brine  Pipe 
Coverings,  Asbestos  Products,  etc. 

Sec  page  138  of  Cotidenscd  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Magnesia 
.Asbestos  and 
Brine  Pipe 
Coverings 


THE 

LAQONDA  MFG. 

CO. 

SPRINGFIELD. 

OHIO 

Ma 

•cers  of  Weinland  Tube  Cleaners,  Automatic 

Cut-Off  Valves. 

Reseating 

Machines 

Boiler 

Tube 

Cutters 

and  Water  Strainers. 

Tube  Cleaner. i 

Cut-Off  Valves 

Water 
Strainers 


THE 

LUDLOW  VALVE  MFQ 

CO. 

TRO^ 

■.  N.  Y. 

M: 
X'alves. 

inufacturcrs  of 
Foot  Valves. 

genuine  Ludlow  Gate  Valves  for  all  purposes.     Special 
Sluice  Gates.     Indicator  Posts.     Fire  Hydrants. 

Blow-off  Valves. 

Check 

Sec 

pages  8fi,  87 

of  Condensed  Catalogues  < 

i/  Mechanicid 

Equipment 

1913 

Voluyne. 

Valves 

Blow-off 
Valves 

Fire  Hydrants 


THE    LUNKENHEIMER  COMPANY  Cincinnati  omo 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron  Valves,  Whistles, 
Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups,  etc.,  adapted  to  the  requirements 
of  all  classes  of  machinery. 

See  pages  88-93  of  Condensed  Catalogues  of  Meehanicid  Equipment,   1913  Volume. 


Valves 

Injectors 

Lubricators 
Etc. 


MOREHEAD  MANUFACTURING   CO.  Detroit  mich 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting  Steam  Trap  is 
the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter  of  a  century.  For  reliable  and 
satisfactory  service  this  type  of  trap  recommends  itself.     Illustrated  descriptive  catalog  sent  on  request. 

See  pages  112,  113  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Steam   Traps 


THE   MURPHY  IRON   WORKS  FoumWisTS     me.  im     Detroit,  mich. 

Builders  of  The  Murphy  Automatic  Furnace.    The  best  Automatic  Furnace  that  thirty  years  practical 
experience  can  produce. 

(Sec  pages  38,  39  of  Conden.icd  Catalogues  of  Mechanienl  Equipment,   1913    Volume. 


Automatic 
Furnace 


NATIONAL  PIPE  BENDING  CO.  new  haven,  conn 

National  Feed-Water  Heaters,  National  Storage  Heaters,  National  Direct  Contact   Heaters   and 
Purifiers,  National  Steam  and  Oil  Separators.     Coils  and  Bends  of  Iron,  Brass  and  Copper  Pipe. 
See  pages  62,  63  of  Condensed  Catalogiws  of  Mechanical  Equipment,  1913  Vohwic. 


Feed-Water 
Heaters  and 
Purifiers 

Separators 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  108.5.  Performance  of  a  Superheater:  A.  Bement,  price  SO. 10;  No.  1070.  A  Twist  Drill  Dynamom- 
eter: H.  P.  Fairfield,  price  SO. 10;  No.  921.  The  Bursting  of  Small  Cast  Iron  Fly-Wheels:  C.  H.  Benjamin, 
lirice  S0.20;  No.  1144.     Balancing  of  Pumping  Engines:  A.  F.  Nagle,  price  SO.IO. 


Papers  on 
Power  Plant 
Specialties 


40 


Valves 


NELSON    VALVE   CO.  Chestnct  Hill        Philadelphia,  pa. 

Manufacturers  of  high  grade  Bronze,  Iron  and  Steel  Valves  of  every  kind  for  every  purpose. 
Sec  page  94  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Governors 


THE  PICKERING  GOVERNOR  CO. 


PORTLAND.  CONN. 


Governors  for  Steann  Engines,  Turbines,  Gas  Engines.     Mechanical  Control  Power  Regulation. 
See  page  131  of  Condensed  Catalogues  of  Mcchaniail  Equijmienl,   1913   Volume. 


Superheaters 


POWER  SPECIALTY  CO. 


Ill  Bbo.\dw.\y 


NEW  YORK 


The  Foster  Patent  Superheater  saves  feed  water,  condensing  water,  coal  and  boiler  power. 
See  page  45  of  Condensed  Catalogues  of  Mechanieal  Equipment,   1913   Volume. 


Valves 

Fire  Hydrants 


PRATT  &  CADV  COMPANY,  Inc. 

Branches    at    Albany.    Baltimore.    Boston.    Chicago.    Detroit. 
Indianapolis.  New  Orleans.  New  York.  Philadelphli.  PirrsBURO. 

Manufacturers  of  Brass,  Iron  and  Steel  Valves,  Fire  Hydrants,  Asbestos  Packed  Cocks. 
See  pages  96,  97  of  Condensed  Catalogues  of  Merhanical  Equipment,  1913  Volume. 


HARTFORD.   CONN. 


Water 
Softening 

Purifying  and 

Filtering 

Systems 


WM.  B.  SCAIFE  &  SONS  COMPANY 

221  First  Ave.            PITTSBURGH.  PA. 
26  Cortlandt  St.                   NEW  YORK 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying 

and  Filtering  Systems  for  boiler  feed  water 

and  all  industrial  and  domestic  purposes. 

Injectors 
Condensers 
Valves 
Engine  Stops 

Soot  Cleaners 

(ias  .Analysis 
Instruments 

Tube  Cleaners 


PHILADELPHIA.  PA. 


SCHUTTE  &  KOERTING  CO.  msw- n.  i2th  st 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Condensers,  Spray 
Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel-Stop,  Stop  Check,  Emergency 
Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam  Traps,  Feed  Water  Heaters,  etc. 


Q.  L.  SIMONDS  &  CO. 

The  Vulcan  Soot  Cleaner  for  Water  Tube  and  Tubular 
for  CO2,  0,  CO,  etc.;  Hays  CO2  and  Draft  Recorder;   Hay 
Tube  Cleaner,  Eclipse  Smoke  Indicator. 

Boilers;  Hays 
s   Differential 

CHICAGO.  ILL. 

Gas   Analysis   Instruments 
Draft   Gage;   Dean   Boiler 

Steam 
Specialties 

Feed  Water 
Heaters 

Steam 
Separators 


[nslrumenis 


THE  SIMS  COMPANY  erie.penna 

Designers  and  Manufacturers  of  Steam  Specialties  and  Power  Plant  Appliances:  Closed  Feed  Water 
Heaters,  Open  Feed  Water  Heaters,  Hot  \\'ater  Generators-Convertors,  Laundry  Heaters,  Live  Steam 
and  Water  Mixers,  Exhaust  Heads,  Oil  Extractors,  Oil  Filters,  Compound  Feeders,  Garbage  and 
Refuse  Burners,  Tanks. 


C.  J.  TAGLIABUE  MFG.  CO. 


32   Thirty-third   St.  BROOKLYN.  N.  Y. 

Lnciil  SaI','S  OtBcfs  in  Chicago  ami  Saii  Francisco 

Marmf:ictur(Ts  of  In^truiucnt.s  f(ir  Indicating,  Recording  and  Controlling  Temperature  and  Pressure. 
Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instruments;  Engineers'  Testing  Sets,  PjTom- 
etcrs.  Barometers,  Hygrometers,  Hydrometers,  etc. 

Sn-  I'age  132  of  ('o/iiliii.'<r(l  Calidogues  of  Mechanical  Equipment. 


Lubricating 

Oils 


THE   TEXAS   COMPANY  newyork  Houston 

Lubricating  Oil.s  for  I'owir  Plants,  Central  Stations,   Machine  Shops,   Foundries  and  all  general 
purposes.    A'.l  classes  of  Petroleum  Products  of  the  highest  quality. 

See  page  142  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913    Volume. 
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WALWORTH  MANUFACTURING  CO.  boston,  mass 

Manufacturers  of  high  grade  Brass,  Iron  and  Steel  Valves;  Power  Plant  Piping;  .Screwed  and 
Flanged  Fittings;  Pipe  Fitter's  Tools;  Genuine  Stillson  Wrenches,  Parmelee  Wrenches,  Walco-Hcx 
Wrenches. 


Valves 

Power  Plant 
Piping 

Wrenches 


WHEELER  CONDENSER  &  ENGINEERING  CO.        ''  i^ARXEikTrN  r 

.Surface,  Jet  anil  Barometric  Condensers,  Comhineil  Surface  Condensers  and  Feed  Water  Heaters, 
Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry  Vacuum  Pumjis  and  Multiple 
EfTect  and  Evaporating  Machinerj-. 

See  page  66,  67  of  Condensed  Catalogues  of  Mechanical  Equipment .   191.'5   ]'nlume. 


Condensers 

Pumps 

Cooling 
Towers 


PHILADELPHIA.  PA. 

NEW  YORK  BOSTON 

CHICAGO  SAN  FRANCISCO 


C.  H.  WHEELER  MFG.  CO. 

IManufacturers  of  High  ^'aclulm  Apjiaratus,  Condensers,  Air  Pumps,  Feed-Water  Heaters,  Water 
Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 

See  page  6.5  of  Condensed  Catalogues  of  Mechanical  Equipment^  1913  Volume. 


Condensers 

Cooling 
Towers 

Feed- Water 
Heaters 


PHILADELPHIA.   PA. 


YARNALL=WARING  CO.  chbstkut  h.ll 

Manufacturers  of  the  "Lea"  V-Notch  Recording  Meter,  Simplex  Seatless    Blow-off  Valve  and  the 
Simplex  Pipe-Joint  Clamp. 

See  page  95  of  Conderised  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Water  Meters 

Blow-otr 
Valves 

Pipe-Joint 
Clamps 


POWER  TRANSMISSION 


THE  AMERICAN  PULLEY  CO. 

The  American  Pulley.    The  first  all  steel  parting  belt  pulley  made 
than  .iny  one  make  of  pulley.    No  key,  no  .set  screw,  no  slip;  light,  true  and  amply  strong  for  double  belts 
ISO  stocks  carried  in  the  United  .States. 

See  pages  1.5S,   1.59  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


PHILADELPHIA.  PA. 
Now  sold  in  larger  quantities 


Pulleys 


AUBURN  BALL  BEARING  COMPANY  22  eluabe™  sx        Rochester  n  y 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Tlirust  Bearings,  Auburn  Special  Ball  Thrust  Bear- 
ings, Auburn  Steel,  Brass  and  Bronze  Balls,  .Solid  and  Hollow. 

Sec  page  101  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


Ball  Bearings 


THE  A.  &  F.  BROWN  CO. 


79  Barclay  St. 


Manufacturers  of  Shafting,  Pulleys,  Hangers,  etc.,  for  Transmission  of  Power. 
Sec  page  14S  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


NEV^f  YORK 


Shafting 

Pulleys 

Hangers 


MISHAWAKA.  IND. 


DODGE  MANUFACTURING  COMPANY 

Everything  for  the  Mechanical  Transmission  of  Power,  Elevating  and  Conveying;  and  Water  Softeners. 
Write  for  "Power  Transmission  Engineering,"  the  most  complete  book  of  its  kind  published.  It  will  help 
you  in  your  specifications. 


Transmission 
Machinery 

Water 
Softeners 

Rope  Drives 

Conveyors 


THE  FAFNIR  BEARING  COMPANY 


new  BRITAIN,  CONN. 

Sales  A^pnts;  Tlie  Rtiineland  Machine  Works  Co. 

liO  W.  42nd  St.  New  Y'ork  City 

High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest  standards  of  accuracy  in  the  world. 
Fafnir  Ball  Bearing  Hanger  Boxes  can  be  used  in  any  standard  hanger  frame. 


Ball  Bearings 
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Power 

Transm  insion 
Appliances 


FALLS  CLUTCH  &  MACHINERY  CO.  cuyahoga  falls,  ohio 

Friction  Clutch   Pulleys,  Couijlings,  Quills,  Operators,  Clutch  Sheaves,  Floor  Stands,  Heavy  Mill 
Bearings,  Shaft  Couplings,  Sheaves  and  TeiLsion  Carriages,  Pulleys  and  Fly  ^^^Jeels. 
See  page  149  of  Condensed  Catalogues  of  Mechanical  Equipmeni,  1913   Volume. 


Pouer 
Transm  ission 


THE    HILL  CLUTCH   COMPANY  Cleveland,  omo 

.Manufacturers  of  a  eoniplele  line  of  Power  Transmission  Machinerv  for  belt,  rope  or  gear  driving, 
including  the  well  known  Hill  Friction  Clutches  and  Hill  Collar  Oiling'Bearings. 

.Sec  pdije  l.')G  of  Condensed  Catalogues  of  Mechanical  Equipmeni,  1913  Volume. 


Cut  Gearing 

Speed 

Reducing 

Transmissions 


D.  O.  JAMES  MANUFACTURING  CO. 


1120-22  W.Monroe  St. 


CHICAGO 


Specialists  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm  gears,  rawhide  pinions,  racks, 
mcased  worm  gear  reductions,  O'K  speed  reducing  transmissions  4:1  up  to  1600:1. 


Pinions  and 
Gears 


NEW  PROCESS  GEAR  CORPORATION 


SYRACUSE.  N.  Y. 


Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately  cut  Metal  Gears  of  all  kinds. 


Pulleys 

Paper  Friction 
Transmission 


1!123  English  .\ve. 
INDIANAPOLIS.  IND. 


THE  ROCKWOOD  MANUFACTURING  CO. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority.  You  will  find  our  booklets 
regarding  Transmission  of  Power  by  Belts  and  Friction  Transmission  desirable  additions  to  your  engineer- 
ing library.     Furnished  free  to  members  upon  application. 


Power 
Transmission 

Roller 
Bearings 


ROYERSFORD  FOUNDRY  AND  MACHINE  CO. 

[Manufacturers  of  Power  Transmission  Machinery  and  Sells  Roller  Bearings. 

.See  pages  1G8,  169  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


PHILADELPHIA.  PA. 


Leather 
Belting 


CHAS.  A.  SCHIEREN  COMPANY  newyork 

Tanner.s — Belt  Manufacturers.  Output  100,000  Hides  per  year.  Schieren's  Duxbak  Leather  Belting 
is  of  two  kinds,  waterproof  and  steamproof,  and  is  used  for  all  belting  purposes.  Schieren's  Bull's  Head 
Belting  for  heavy  drives.     Schieren's  Royal  Extra  Belting  for  general  mill  work. 


Leather 
Belting 

Lace  Leather 
and  Welting 


L.  B.  WILLIAMS  AND  SONS 


DOVER.  N.  H. 
New  York        Boston        Chicago 


Tanners  and  Manufacturers  of  Oak  Tanned  Leather  Belting,  Round  Belting,  Lace  Leather,  Belt 
Leather,  Welting,  Strapping,  Finished  Oak  Shoulders,  Slabs,  Belhes,  Scrap  Leather. 


Power 
Transmission 


CHAMBERSBURG.  PA. 


T.  B.  WOOD'S  SONS  CO. 

Modern  and  Approved  Apftl^ances  for  the  transmission  of  Power.      Shafting,  Couplings,  Collars, 
Hangers,  Pulleys,  Belt  Tighteners,  Friction  Clutches,  Rope  Driving  Equipments. 

See  pages  1.54,   1.5.')  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volmne. 


Frict  ion 
Clutches 

Variable 

Speed 

Changes 


THE  MOORE 

&  WHITE 

CO. 

PHILADELPHIA 

Manufacturers  of  Friction  Clutches 

,  Friction 

Clut 

■h 

Pulleys 

Frict 

ion 

Clutch  Couplings 

Variable 

Sjieed  ('hanges.     The 

"Moore  &  White' 

'  Friction 

Cluti 

ht 

's  arc  pi 

irticu 

arly 

adapted  to  high 

speeds  in 

connection  with  electrical  driven  machinery. 
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HOISTING  AND  CONVEYING  MACHINERY 


ALLIAN'CE.  OHIO 


ALLIANCE  MACHINE  CO. 

JNIakers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic  Machinery,  Steam  Hammers, 
Punches  and  Shears,  Scale  Cars,  Copper-Converting  Machinery-,  etc. 

Sic  prige  199  of  Comloixcd  Catalogmx  of  Mirhnnirol  Eiiitiimii id,   1913   Voliinw. 


Cranes 

Steam 
Hammers 

Punches  and 
Shears 


ALFRED    BOX   AND   COMPANY  Philadelphia  pa 

Electric'aiKl  Hand  Power  Cranes,  Portable  Electric  and  Monorail  Hoists,  Complete  Track  Systems. 


Cranes  and 
Hoists 


THE  BROWN  HOISTING  MACHINERY  CO. 


CLEVELAND.  0..  U  S.  A. 

NEW  YORK  SAN  FRANCISCO 

PITTSBURGH  CHICAGO 

Designers  ami  Manufacturera  of  all  kinds  of  Hoisting  Machinen.'.  including  Locomotive  Cranes.  Electric  Travelers. 
I-beam  Trullej's  Crabs.  Winches,  etc..  as  well  as  heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced 
toucrete  ro  )fing. 


See  page  201  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Vfdume. 


Hoisting 
Machinery 


H.  W.   CALDWELL   &   SON  COMPANY  newyork        Chicago 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid  and  screw  conveyors,  machine 
molded  gears,  pulleys,  fly-wheels,  rope  sheaves  and  drives,  sprocket  wheels  and  chain,  buckets,  belting, 
shafting  and  bearings. 

<S'<'(.'  page  187  of  Condenscil  Catalogues  of  Michanical  Equipment,   1913  Vohniw. 


Conveyors 

Elevators 

Power 
Transmission 


CLYDE  IRON  WORKS 

Hoisting  Engines  and  Derricks.    All  sizes  and  types  of  engines. 

Sec  page  204  of  Ccmdensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


DULUTH.  MINN. 


Hoisting 
Engines  and 
Derricks 


THE  EASTERN  MACHINERY  COMPANY 


NEW  HAVEN,  CO.NN. 


Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Elevators,  Hoisting  Macliines, 
Friction  Winding  Drums,  Friction  Clutches  and  Friction  Clutch  Pulleys. 


Elevators 

Friction 
Clutches 

Pulleys 


THE  B.  F.  GOODRICH  CO.  aicron  omo 

Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife"  "Maxecon"  and  "Grainbelt" 
Conveyors  will  handle  more  tons  per  dollar  of  cost  than  any  other  belt  made. 

See  pages  14(5,  17.5  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Conveyor 
Belts 


WEST  NEW  BRIGHTON.  NEW  YORK 
Chicago        New  Y'ork  City        Washinqtcs,  D.  C. 


C.  Wo  HUNT  CO.,  INC. 

Coal  Handling  and  Hoisting  Machinery,  Conveyors,  "Industrial"  Railways,  Automatic  Railways 
Electric  Locomotives,  Storage  Battery  Industrial  Trucks,  Electric  and  Steam  Hoists,  "Stevedore' 
Manila  Rope. 

See  pages  202,  203  of  Co7idensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Hoisting  and 

Conveying 

Machinery 

Storage 
Battery 
Trucks 


THE  JEFFREY  MFG.  COMPANY  columbus.  omo 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Handhng  Systems  for 
Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples,  Coal  Washeries,  Locomotives,  Coal 
Cutters,  Drills,  etc.    Complete  Coal  Mine  Equipments. 


Elevating 

Conveying 

Mining 
Machinery 


44 


~- 

Hoisting 
Engines 

Cableuays 

Marine 
Transfers 

LIDGERWOOD  MFG.  CO.                                        96l.b.«ttsx       newyork 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  warehouseman,  rail- 
roads, shipowners,  etc.    Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cableways  for  hoisting  and  conveying. 
Marine  Transfer  for  coal  and  cargo  handling. 

Elevators  and 
Conveyors 

LINK=BELT  COMPANY                                            "'''^''E£?asapolW'''°° 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power  Transmission  Machinery. 
The  Link-Belt  Silent  Chain  Drive,  Coal  Tipples,  Coal  Washeries,  Locomotive  Cranes,  etc. 
See  page  192  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 

Gravity 
Carriers 

Conveyers 

A  utomatic 
Elevators 

MATHEWS  GRAVITY  CARRIER  CO.                             ellwood  city  pa 

Manvifaeturors  of  Gravity  Carriers,  Conveyers,  Spirals,  Chutes,  and  Automatic  Elevators.    Engineer- 
ing Department  at  your  service. 

Cranes 

THE  MORGAN  ENGINEERING  CO.                                    alliance  omo 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world      We  also  design  and  build  Steel 
Plants  complete,  Hammers,  Presses,  Shears,  Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special 
Machinery. 

Locomotive 
Cranes 

Grab  Buckets 

Coal  Crushers 

ORTON   &   STEINBRENNER  CO.                                                       Chicago. ill 

Manufacturers  of  Material  Handling  Machinery:   Locomotive   and  Special  Cranes,  Elevating  and 
Conveying  Machinerj',  Coal  Crushers,  Coal  and  Ore  Handling  Plants,  Automatic  Buckets,  Drag  Line 
Excavators. 

Robins  Belt 
Conveyors 

ROBINS  CONVEYING  BELT  COMPANY                13  p.kh  row     newyork 

The  Kol)ins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of  conveying 
machinery.     It  is  successfully  and  economically  conveying  ore,  rock,  coal  and  similar  materials  under  the 
most  trymg  conditions  of  service.    Correspondence  invited. 

See  page  193  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume, 

Wire  Rope 

JOHN  A.  ROEBLING'S  SONS  COMPANY                          trenton  n  j 

Manufacturers  of  Iron,  Steel  and  Copper  \Mre  Rope,  and  Wire  of  every  description. 
See  page  185  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 

Cranes 

Mono-Rail 
Systems 

SHAW  ELECTRIC  CRANE  CO.                                        muskegon  mich 

Address  119  W.  40th  St.   New  York,  {See  Manning,  Maxwell  X-  .1/oore,  Inc.) 

Electric  Traveling  Cranes  for  all  purposes.     Gantry  Cranes.     ^Miarf  Cranes  and  Winches.     Mono- 
Rail  Systems. 

Cranes 
Hoists 

THE  TOLEDO  BRIDGE  &  CRANE  CO.                               toledo.  ohio 

Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab  Bucket  Machinery;  Electric  and 
Hand  Power  Cranes,  all  types,  any  capacity;  Structural  Steel  for  Factory  Buildings. 

Elevating 

Conveying 

Power 

Transmitting 

Machinery 

THE  WEBSTER  M'F'G  COMPANY      i::--'^::!^!^^^^^:^^''''''^^^ 

iManufacturcrs  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all  purposes.    Over 
thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufacturing  give  us  large  advantages. 
Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel,  etc.    Coal  and  .^sh  Handling  Systems  for  power 
plants  and  buildings.     Chain  belting      Gearing. 

_ 

45 


THE  YALE  & 

Makers  of  the  Trii 
a  lifting  capacity  of  frc 

TOWNE  MFG.  CO. 

lex  Block  and  Electric  Hoists, 
m  M  to  20  tons;  Electric  Hoist 

The 
in 

Triplex 
10  sizes, 

9  East  40tii  St. 

.  Block  is  made  in 
14:  to  16  tons. 

14 

NEW 
sizes 

YORK 
with 

Chain  Blocks 

Electric 
Hoists 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price  .$0.10;  No.  12.34 
A  Unique  Belt  Conveyor:  E.  C.  Soper,  price  .$0.10;  No.  1300.  Operating  Condition  of  Pa.ssenger  Elevators: 
R.  P.  Bolton,  price  .$0.20;  No.  1161.  A  Highspeed  Elevator,  C.  R.  Pratt,  price  S0.40;  No.  S  52  X.  Me- 
chanical Handling  of  Freight:  S.  B.  Fowler,  price  $0.20. 


Papers  on 
Hoisting  and 
Conveying 
Machinery 


STEEL  WORKS  AND  ROLLING    MILL  EQUIPMENT 


MACKINTOSH,   HEMPHILL  &  CO. 


PITTSBURGH,  PA. 


Engines,  single  and  compound,  Corliss  reversing  and  blowing.     Rolling  Mill  and  Hydraulic  Machinery 
of  all  kinds.    Shears,  Punches,  Saws,  Coping  Machines. 


Engines 

Rolling  Mill 
Mach  inery 


PITTSBURGH. 
Meata  Station,  P.  R.  R. 


VA. 
W.  Homestead,  Pa. 


MESTA  MACHINE  CO.  wohks 

Blowing  Engines;  Rolling  Mills;  PickUng  Machines;  Shears;  Forging  Presses;  Gas  and  Steam  Engines; 
Condensers;  Air  Compressors;  Power  Transmission  Machinery;  Steel  Castings;  Chilled,  Sand  and  Steel 
Rolls. 


Steel  Works 
and 

Rolling  Mill 
Equipment 


WEIMER   MACHINE   WORKS  COMPANY  Lebanon  pa 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments-  Cinder  and  hot  metal  cars.  Furnace 
Bells  and  Hoppers.  Rolling  Mill  castings.  Special  attention  paid  to  quick  repair  work  and  work  governed 
by  Engineers'  specifications. 


Blast  Furnace 

Blowing 

Engines 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  868.  Some  Landmarks  in  the  History  of  the  Rolling  Mill:  C.  H.  Morgan,  price  S0.20;  No.  1319. 
Pressure  Recording  Indicator  for  Punching  Machinery:  C.  C.  Anthony,  price  $0.10;  No.  1322.  Power 
Forging,  with  special  Reference  to  Steam  Hydraulic  Forging  Presses:  B.  Gerdau  and  G.  Mesta,  price  ,$0.10. 


Papers  on 
Rolling  Mill 
Machinery 


FOUNDRY   EQUIPMENT 


1NGERS0LL=RAND  COMPANY  n  broadw.t      newyork 

"Crown"  Sand  Rammers,  floor  and  bench  types;  "Little  David,"  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  }2  to  5  tons  capacity;  Air  Compressors,  twenty  types,  capacity 
8  to  GOOO  cu.  ft.  per  minute. 

See  pages  276,  277  of  Condensed  Catalogues  of  Mechanical  Equi-pment,  1913   Volume. 


Sand 
Rammers 

Air  Tools  and 
Hoists 

Compressors 


MUMFORD  MOLDING  MACHINE  CO. 


2075  Elston  Ave. 


CHICAGO.  ILL. 


Squeezing  Machines,  Hand  or  Power 
Jolt  Ramming  Machines,  Pneumatic  or  Electric 

See  page  216  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Voluttie. 


Split  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


Foundry 
Molding 
Machine 
Equipment 
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MACHINE   SHOP   EQUIPMENT 


Special 
Machinery 


C.  H.  COWDREY  MACHINE  WORKS 

Contractors,  Builders  and  Designers  of  Special  Machinery. 


FITCHBURG.  MASS. 


Gear  Shapers 


SPRINGFIELD.  VT. 


THE  FELLOWS  GEAR  SHARER  CO. 

Manufacturers  of  Gear  Cutting   Machinery  of  the  Most  Advanced  Type.      In  the  Gear  Shaper 
System  a  generating  cutter  is  used  which  is  ground  after  it  has  been  hardened. 
See  page  235  of  Cojidensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


Portable 
Electric  Tools 


FORTUNA  MACHINE  CO. 


127  DuANE  St.  new  YORK 

Boston.  146  Summer  St. 
St.  Locis,  200  N.  3rd  St. 


Portable  Electric  Tools  for  Drilling,  Heaming,  Tapping,  Grinding  and  Slotting. 


Milling 
Machines 


THE  GARVIN  MACHINE  COMPANY 


137  V.iRicK  St.  new  YORK  CITY 


Manufacturers  of  a  complete  line  of  Plain  and  Univeival  Milling  Machines,  Screw  Machines,  Monitor 
Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Spet d  Lathes,  Cutter  Grind'^rs,  Automatic  Chucks,  etc. 


Special 
Machinery 


THE  HARTFORD  SPECIAL  MACHINERY  CO. 

Builders  of  High  Grade,  Accurate,  Special  Machinery,  Fixtures,  Jigs  and  Tools. 


H.^RTFORD.  CONN 


(Irinding 
Machines 


THE 

HEALD 

MACHINE 

COMPANY 

WORCESTER. 

MASS. 

Manufacturers   of 

Grinding   Machines.      Internal   Grint 

ers. 

Cy 

linder 

Grinders 

,  Surface 

Grinders, 

Drill  Grinders. 

Mr 
Compressors 

Air  Tools 
and  Hoists 


INGERSOLL=RAND  COMPANY  u  bro.dw.v      new  york 

Air  Compressors,  twenty  standard  types,  capacity  8  to  9000  eu.  ft.  per  minute;  "Little  David." 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoist.s,  capacity  U  to 
5  tons. 

See  pages  276,  277  of  Condensed  Catalogues  of  Mechanical  Equipment.  1913  I  olume. 


Turret  Lathes 


JONES  &  LAMSON  MACHINE  CO.  springfield  vt 

Manufacturers  of  the  Hartnes.s  Flat  Turret  Lathe;  made  in  two  sizes  for  both  bar  and  chuck  work. 
See  pages  220-225  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Heavy  Duty 
Boring  Mills 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI.  O 

Vertical   Turret    Machines,   28"   and   34".     Vertical   Boring 

and   Turning    Machines,   42"   to  84", 

inclusive. 
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THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  iNIilling  Machines, 
ally  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool, 
investigate  our  machines.     Catalogue  upon  request. 


CINCINNATI.  O. 

They  are  scientific- 
It  will  pay  you  to 


Lathes 

Milling 
Mac/lines 


MANNING,  MAXWELL  &  MOORE,  Inc. 


119  W.  40th  St. 


NEW  YORK 


Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the  world  and  carry  in  stock  the 
product  of  the  foremost  designers  of  the  many  branches  of  machine  tool  building  in  the  United  States. 


Machine  Tools 

Engineering 
Specialties 


THE  WARNER  &  SWASEY  COMPANY 


CI.E\EL.\.\D,  OHIO 

Branch  Offices; 

New  York  Chic.\go  Detroit 

^^"c  offer  a  most  complete  line  of  high-grade  Turret   Lathes  for  producing  work  accurately,  rapidly 
and  economically.     Our  catalog,  which  describes  these  machines  fully,  will  be  mailed  on  request. 
Sec  page  229  of  Condensed  Catalogues  of  Mechanical  Equipment,  191.3  Volume. 


Turret  Lathes 


WELLS    BROTHERS   COMPANY  Greenfield  mass 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting  Tools  and  Machinery. 


Taps  and  Dies 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  12.30.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0..50;  No.  1313.  Milling 
Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  $0.30;  No.  1083.  Belt  Creep:  W.  W.  Bird,  price  SO. 10; 
Xi>.  1291.    Symposium  on  High  Speed  Tools:  H.  L  Brackenbury,  and  Discussion,  price  SO. 70. 


Papers  on 
Machine  Shop 
Practice 


ELECTRICAL  APPARATUS 


SCHENECTADY,  N.  Y. 


GENERAL  ELECTRIC  COMPANY 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives,  lighting  equip- 
ments, air  compressors,  electrically  heated  devices  for  industrial  purposes.  Largest  manufacturer  of 
electrical  apparatus  in  the  world. 

•See  pages  272,  273  of  Condensed  Catalogues  of  Mechanical  EquijmienI,   1913   Volume. 


Electric  Drive 


527-531  W.  34th  St. 


SPRAGUE  ELECTRIC  WORKS 

of  Gi'iir  ral  Elictric  C... 

Manufacturers  of  D.  C.  Generators,  Electric  Motors,  Electric  Hoists,  Electric  Fans,  Conduit; 
mored  Cable,  Outlet  Boxes,  Armored  Hose. 


NEW  Y'ORK 


Ar- 


Generators 
Motors 
Hoists 
Fans 


WAGNER  ELECTRIC  MANUFACTURING  COMPANY       st  louis  mo 

Single-Phase  Motors.  Polyphase  Motors.  Transformers,  Power  and  Pole  Type.  Instruments,  a 
complete  line.  A.  C.  Generators.  Converters  for  charging  vehicle  batteries  from  A.  C.  Rectifiers  for 
charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electric)  Equipments.  Automobile  Self 
Starters  (Electric),  etc. 


Dynamos 
Motors 
Transformers 
Instruments 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  .TO.20;  No.  4S5.  The  Electric  Railway 
as  applied  to  Steam  Roads:  B.  J.  Dashicll,  Jr.,  price  .$0.10;  No.  845.  The  Mechanical  Equipment  of  the 
New  South  Station:  W.  C.  Kerr,  price  $1.00;  No.  1043.  Middle.sborough  Dock  Electric  and  Hvdraulic 
Power  Plant:  V.  L.  Raven,  price  .$0.:30. 


Papers  on 
Electrical 
Apparatus 
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Precision 
Instruments 


WESTON  ELECTRICAL  INSTRUMENT  CO. 


NEWARK,  X.  J. 


Manufacturers  of  Miniature  Precision  Instruments  for  Direct  Current.    Over  300  ranges  and  types 
for  various  purposes. 


Papers  on 
Electrical 
Apparatus 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  472.  Electric  Power  Distribution:  II.  C.  Spuukling,  price  S0.20;  No.  485.  The  Electric  Railway 
as  applied  to  Steam  Koads;  B.  J.  Dashicll,  Jr.,  price  90.10;  No.  845.  The  Mechanical  Equipment  of  the 
New  South  Station;  \V.  C.  Kerr,  price  $1.00;  No.  1043.  Middlesborough  Dock  Electric  and  Hydraulic 
Power  Plant;  V.  I..  P.-iven;  price  SO  30. 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


Air 
Compressors 

Tools 

Hoists  and 

Sand 

Rammers 


INQERSOLL=RAND  COMPANY  ubko.u.-.^      newyokk 

Twenty  standard  Air  Compressor  types,  capacity  8  to  9000  cu.  ft.  per  minute;  "Little  David," 
"Crown"  and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  }i  to  5  tons  capa- 
city; "Crown"  Sand  Rammers,  floor  and  bench  types. 

Sec  pnacs  276,  277  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Papers  on  Air 

Compressors 

and 

Pneumatic 

Tools 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 


Commercial  Application  of  the  Turbine  Turbo-Compressors:  R.  H.  Rice,  price,  SO. 30; 
No.  830.    Compression  and  Liquidification  of  Gas :  A.  L.  Rice^pnVe  80.10;  No.  804.    A_  Pneumatic  Despatt'h- 


No.  1320. 


tube  System  for  Rapid  Transportation  of  Mails  in  Cities:  B.  C.  Batcheller,  price  80.;30;  Xo.  1295.     The 
Development  of  the  Air  Brake:  (Presidential  Address)  G.  Westinghouse,  price  80.20. 


BLOWERS,  FANS,  DRYERS,  ETC. 


Vacuum 

Drying 

Apparatus 

Vacuum 
Pumps  and 
Condensers 


J.     P.     DEVINE     CO.  1372  CANTON  St 

Vacuum  Drying  Apparatus  (Passburg's  Patents),  High  Efficiency  Vacuum  Pump; 
Drying  experiments  with  various  materials  may  be  made  at  our  experimental  station. 
See  page  302  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


BUFF-VLO,  N.  Y. 
and  Condensers. 


Blowers 

Gas 
Exhausters 

Pumps 


P.  H.  &  F.  M.  ROOTS  CO. 


CONNERSVILLE.  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum  cleaning,  for 
laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas  Exhausters.  High  Pressure 
Gas  Pumps.     Flexible  Couplings. 

See  pages  282,  2S3  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Vnlnmc. 


Dryers 


RUGQLES=COLES  ENGINEERING  CO. 


McCoRMicK  Bldg. 
Hudson  Terminal 


Dryers.     Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of  materials. 
See  page  301  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


CHICAGO 
NEW  YORK 


Fans 
Blowers 
Economizers 
Engines 


B.  F.  STURTEVANT  COMPANY  hvde park  mass 

We  make  equipment  to  force  or  exliaust  air  under  all  conditions.  Largest  standard  line  of  "ready  to 
deliver"  Fans  in  the  world  and  special  work  done  where  necessary.  Consulting  representatives  in  or  near 
your  city. 

Sec  pages  48,  49  of  Condensed  Catalogites  of  Mechaiiical  Equipment,  1913  Vohmie. 
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PUMPS   AND   HYDRAULIC  TURBINES 


M.  T.  DAVIDSON  CO. 


43-53  Keap  St.  BROOKLYN.  N.  Y. 

New  York:  154  Nassau  St. 
Boston:  30  Oliver  St. 


High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Condensers. 


Pumps 
Condensers 


SENECA  FALLS,  N.  Y. 


THE  GOULDS  MANUFACTURING  COMPANY 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal  water-works, 
fine  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps,- chemical  pumps  and  air  com- 
pressors, rotary,  centrifugal  and  well  pumps  and  hand  pumps  of  every  kind. 

See  page  291  of  Conrlcnsed  Cntnlogues  of  Mcchaiiical  Equipment,  1913  Volmije. 


Pumps 

Hydraulic 
Machinery 


HOLYOKE  MACHINE  COMPANY 


HOLYOKE.  MASS. 
WORCESTER,  MASS. 


Water  Wieels  with  Connections  and  Complete  Power  Transmission,  Water  Wlieel  Governors,  Gear- 
ing, Wood  Pulp  and  Paper  Machinery,  Pumps,  Hydraulic  Presses.    Special  Machinery  to  order. 


Water  Wheels 

Wood  Pulp 
and  Paper 
Machinery 


J.  &  W.  JOLLY,  Inc. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric  Work 
Shafting,  Gearing,  Pulleys  and  Freight  Elevators. 

See  page  298  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume 


HOLYOKE,  MASS. 
Paper  Mill  Machinery, 


Turbines 

Paper  Mill 
Machinery 


LAMMERT  &  MANN 


215-221  N.  Wood  St. 


CHICAGO,  ILL. 


Engineers  and  Machinists. 

Manufacturers  of  Rotary  Vacuum  Pumps  for  highest  dry  vacuum.  Lead  Pumps,  Rotary  Blowers,  etc. 


Vacuum 
Pumps 


I.   P.    MORRIS  COMPANY  Philadelphia  pa 

SpeciaUsts  in  the  design  and  construction  of  high  class,  high  efficiency  Hydraulic  Turbines. 
iS'cc  page  299  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


Hydraulic 
Turbines 


BALDWINSVILLE,  N.  Y. 


MORRIS  MACHINE  WORKS 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical   and  Horizontal   Engines   and   Marine 
Engines. 

See  pages  292,  293  of  Condensed  Catalogues  of  Mechanical  Equipment.  1913   ^'oIume. 


Centrifugal 

Pumping 

Machinery 

Engines 


R.   D.   WOOD   &  COMPANY  Philadelphia  pa 

Engineers.  Iron  Founders.  Machinists: — Builders  of  Gas  Holders.  Gas  Plants,  Gas  Producer  Power  Plants,  Hydraulic 
Presses  and  Hea\->-  Hydraulic  Machinery,  Pumping  Engines,  Centrifugal  Pumping  Plants,  Water  Works  Appliances,  Steel  T;inks. 
Sugar  House  Apparatus,  Special  Machinery.  Manufacturers  of  C.  I.  Pipe,  Gas  Works  Apparatus,  Centrifugal  Pumps,  Hydraulic 
Tools  of  all  description.  Hydrants  and  Valves,  Gas  Producers. 

See  pages  296,  297  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Gas  Holders 

Pumping 
Machinery 

Hydraulic 
Machinery 

Gas  Producers 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No,  3S1,  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Committee  Report, 
price  $0.30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  S.  Nagle,  price  80.10;  No.  1110.  Development 
of  Water-wheel  Governor:  M.  A.  Replogle,  price  $0.20;  No.  1113.  Turbine  Design  as  Modified  for  Close 
Regulation:  G.  A.  Bovinger,  price  $0.10. 


Papers  on 
Pumps  and 
Hydraulic 
Turbines 
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ENGINEERING  MISCELLANY 


Aluminum 


ALUMINUM  COMPANY  OF  AMERICA 

Aluininum  Ingot,  .Sheet,  Kod,  Wire,  Cal)le,  Tubing  and  other  forms. 

See  pri'je  2(37  of  Condensed  Catalogttes  of  Afechaniail  Equipment,   1913   Volume. 


PITTSBURGH.  PA. 


Die-Castings 


DOEHLER  DIE=CASTINQ  CO. 


BROOKLYN,  N.  Y. 


Our  method.s  and  proee.s.se.s  for  produeing  Die-Castings  are  generally  conceded  to  be  the  most  reliable 
and  efficient  known.     Send  for  our  latest  booklet  "Successful  Die  Casting." 


Coal  Mine 
Equipments 
and  Supplies 


FAIRMONT  MINING  MACHINERY  CO. 


FAIRMONT.  W    VA. 


Manufacturers  and  Jobbers  of  Coal  Mine  Equipments  and  Supplies:  Steel  Mine  Ties,  Car  Hauls,  Car 
Retarders,  Self-Oiling  Wheels,  Power  Coal  Augers,  Box  Car  Loaders,  Portable  Mine  Pumps,  Mine  Fans. 


Die-Castings 


H.  H.  FRANKLIN  MFG.  COMPANY 


SYRACUSE.  X.  Y. 


Producers  of  Die-Cast  Parts.     Difficult   parts  completed  when  cast.     No  tooling.     Engine  bearings 

a  specialty. 


Kail  Joints 


THE  RAIL  JOINT  COMPANY  iss  mad^on  ave       new  york  city 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special  Rail  Sections,  also  Girder,  Step  or 
Compromise,  Frog  and  Switch,  and  Insulated  Rail  Joints,  protected  by  patents. 
See  page  209  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Heating 

Boilers 

Radiators 


THE  H.  B.  SMITH  CO. 


and  Return  Flue  Boilers. 


WESTFIELD.  MASS. 
Also  Direct  and  Indirect  Radiators  for 


Sectional  Ca.st  Iron  Water  Tul 
Steam  and  W^ater  Warming. 

See  pages  326,  327  of  Condensed  Catalogues  of  Mechanical  Equipmitd,  1913  Volume 


Bright 

Cold  Finislu'd 

Steel  Bars 


BEAVER  FALLS.  PA. 


UNION  DRAWN  STEEL  CO. 

Makers  of  Briglit  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and  Alloy  Steels,  in  Rounds,  Flats, 
Squares,  Hexagons  and  Special  Shapes. 

See  pa-ge  203  of  Cotiilensed  Catalogues  of  Mechaniad  Equipment,   1913    Volume. 


Odometers 
Tachometers 
Counters 
Die  Castings 


Water 

Purifying 

Machinery 


THE  VEEDER  M'F'G  CO.  hartford  conn 

Makers  of  Cyckimeters,  Odometers,  Tachodometers,  Tachometers,  Counters  and  Fine  Die  Castings. 
Sec  page  329  of  Condensed  Catalogues  of  Mtchaniad  Equipment,   1913  Volmne. 


ELECTRIC  WATER  STERILIZER  CO.  scottdale  i  a 

Manufacturers  of  Electrical  and  Mechanical  Water  Purifying  Machinery.  Our  Electric  Water  Steri- 
lizing ^laehine  is  both  economical  in  consumption  of  electric  current  and  so  simple  that  any  one  of  aver- 
age intelligence  can  take  care  of  it.  Guaranteed  to  deliver  pure  water.  Capacities  of  stock  machines 
from  40  to  1000  gallons  per  hour. 
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PROFESSIONAL  CARDS 

HOOPER-FALKENAU  ENGINEERING  CO. 
Industrial  Engineers  and  Architects 

Woohvorth  Building,                    NEW  YORK  CITY 

ELLIOTT  H.  WHITLOCK,  Member  A.  S.  M.  E. 

Consulting  Engineer                                Carbon  Expert 

Efficiency  Management 

1506  W.  ii2th  Street,                           CLEVELAND,  0. 

CHAS.  T.  MAIN,  Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201   Devonshire  Street,                             BOSTON,  MASS. 

THE  ARNOLD  COMPANY 

Engineers — Constructors 

Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO 

CHAS.  H.  MANNING,  Member  A.  S.  M.  E. 
CHAS.  B.  MANNING, 
Consulting  Engineers 

886  Elm  Street,                              MANCHESTER,  N.  H. 

ELECTRICAL  TESTING  LABORATORIES,  Inc. 
Electrical  and  Mechanical  Laboratories 

Tests  of  Electrical  Machinery,  Apparatus  and  Supplies. 
Materials  of  Construction,  Coal,  Paper,  etc.     Inspection 
of  Material  and  Apparatus  at  Manufactories. 

80th  Street  and  East  End  Avenue,  NEW  YORK  CITY 

BERT.  L.  BALDWIN  &  CO. 
B.  L.  Baldwin,  G.  W.  Simpkinson,  Members  A. S.M.E. 

Plans,  Specifications  and  Superintendence  of  Manufac- 
turing Buildings,  Plants  and  Equipments  of  same. 
Perin  Building,  CINCINNATI,  OHIO 

ENGINEERING  SCHOOLS  AND  COLLEGES                    | 

— — __ __ = 

NEW  YORK  UNIVERSITY  SCHOOL  OF  APPLIED 
SCIENCE 

Department   of   Civil,   Mechanical  and   Chemical   En- 
gineering. 

For  announcements  or  information,  address 
CHARLES  HENRY  SNOW,  Dean,  Universitv  Heights, 
N.  Y.  City 

THE  RENSSELAER  POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical,  Electrical  and  Chemical 
Engineering  and  General  Science  leading  to  the  degrees, 
C.  E.,  M.  E.,  Ch.  E.  and  B.  S.    Also  special  courses. 

Unsurpassed  laboratories. 

Catalogue  sent  upon  application,          TROY,  N.  Y. 

The  rate  for  insertion  of  announcements  of  Engineering 
Schools  and  Colleges  is  $3.00  per  month,  without  regard 
to  number  of  insertions.      Orders  are  accepted  on  a  "till 
forbid"   basis    subject    to   cancellation  at  any   time   bj 
gi\mg  thirty  dajs    notice 

POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

Course    in    Mechanical    Engineering.      Evening    Post- 
Graduate  Courses.    Fred.  W.  Atkinson,  Ph.  D.,  President; 
\\    D   Ennis   Member  •\   S   M    E     Professor  Mechanical 
Engineenng 

mini     HI    1     1      II     II  ■■  II         III    1  »     1  1  I  1    1         I     1  1 1               u 

THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 
The  most  complete  and  thorough  treatise  yet  pubHshed  on  this  subject 

2d  Edition — without  discussion  (cloth) $3.00 

3d      "     —with  "  "     3.50 

3d        "      —    "  "  (half-morocco)   4.50 

PAGES  350  FOLDERS  24 
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E  BEST  SHOU 


■V: 


"%  -. 


That's  why  Schieren's  DUXBAK 
Waterproof  Leather  Belting-  has 
gained  such  a  favorable  reputation. 

Time  was  when  all  people  did  not 
know  that  all  belting-  should  be 
waterproof. 

^  It's    different  since    DUXBAK   has 

proved  that  belting  made  of  the 
best  quality  of  leather  thoroughly 
waterproofed  resists  dry,  parching  air  just 
as  surely  as  it  overcomes  the  bad  effects 
of  acid  or  alkali  fumes  or  just  ordinary  mil- 
dewing moisture. 

You  will  not  have  to  try  but  once  to  lift 
"The   International  Trophy"   DUXBAK. 

Just  send  the  order  for  a  small  belt  if  you 
want  proof  of  how  good  it  is  for  your 
]mrpose. 


Take  one  minute  to  send  for  our 
price  list,  it  will  be  the  most  profit- 
able minute  you'll  spend  all  day. 


(^iaj.?^X'/mm^fm/ia/i^ 


trade:  m/\iu\. 


TANNERS,  BELT  MANUFACTURERS 
25  Ferry  Street,  New  York 

Chicago -        -        128  \V.  Kinzie  Street 

Philadelphia         ...  -       .         226  North  3d  Street 

Denver 1732  .\rapahoe  Street 

Boston 641-643  Atlantic  Avenue 

Pittsburgh 205  Wood  Street 

Seattle  .,.-.--  620  Fourth  .Avenue 

Oak  Leather  Tanneries,  Bristol,  Tenn. 
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THE  ENGINEER'S  PART  IN 
PROMOTING    PROSPERITY 


AT  the  present  time,  as  never  before,  America  must  place 
dependence  upon  its  own  resources  and  its  own  indus- 
tries. Almost  every  one  of  these  industries  is  dependent 
upon  the  work  of  the  engineer.  Now  as  never  before  he 
must  show  his  ability  to  direct  "the  great  sources  of  power  in 
nature  for  the  use  and  convenience  of  man."  It  is  a  time 
for  cooperation  and  mutual  assistance  which  can  come  only 
from  association  with  those  from  the  various  fields  of  engi- 
neering activity. 

The  American  Society  of  Mechanical  Engineers  endeav- 
ors to  provide  opportunities  for  such  cooperation  through 
its  meetings.  Beginning  in  October,  there  will  be  regular 
meetings  in  fifteen  of  the  largest  industrial  centers  of  the 
country.  Each  member  is  earnestly  requested  to  invite  his 
friends  and  associates  to  these  meetings,  so  that  they  may 
participate  in  the  work  and  help  solve  the  many  problems 
confronting  the  profession. 

The  address  of  any  one  you  would  like  to  have  invited 
to  the  meetings,  sent  to  the  Secretary,  will  secure  a  cordial 
invitation  from  the  Society  entitling  your  friend  to  the 
privileges  of  a  meeting. 


Total  Membership  of  the  Society,  September  28,  1914 5995 

New  Members  since  Janvxiry  1,  1914 709 
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COMING  MEETINGS  OF  THE  SOCIETY 

October,  Bosfon,  Mass.  Subject:  Flow  dieters.  The  date  of 
the  meeting  can  be  seciu-ed  from  the  Secretary  of  the  Boston  Com- 
mittee on  Meetings. 

October  8,  Pliiladel phicu  Pa.  Joint  meeting  with  the  Frankhn 
Institute.  Paper:  Recent  Development  in  Cast  Iron  Manufacture, 
by  J.  K.  Johnson,  Jr. 

October  15,  Cincinnati,  Ohio.  Joint  nieeling  with  Engineers 
Club  of  Cincinnati.  Address:  The  Testing  of  the  ]Motor  Vehicle 
Engine,  by  Frederick  R.  Hutton. 

October  22,  Buffalo,  X.  Y.  Address:  Engineers  and  Public  Ser- 
vice, bv  Charles  Whiting  Baker. 


'e- 


October  22,  St.  Paul,  Minn.  Subject :  Power  Developments  on 
the  Mississippi  River  between  St.  Paul  and  Minneapolis,  Adolph 
F.  INIeyer. 

Xoreinber  10,  Sa)i  Franci.'ico,  Cal.    Subject  to  be  announced. 

November  18.  New  Haven,  Conn.  Fall  meeting  with  after- 
noon and  evening  sessions,  Mason  Laboratory  of  Mechanical  En- 
gineering, Sheffield  Scientific  School,  Yale  University.  Subject: 
The  Generation  and  Application  of  Electricity  in  Manufacturing. 

Annual  Meeting,  December  1-4.  Neio  York  City.  There  will  be 
a  session  on  Engineering  Metals,  particularly  Steels  of  Construction 
and  for  Tools;  Cast  Irons;  and  Alloys  of  Copper.  Tin  and  Aluminum, 
etc.;  and  the  entire  day  on  Thursday,  December  3.  will  be  devoted 
to  the  general  subject  of  Engineering  in  connection  with  the  Ad- 
ministration of  a  City,  the  meeting  to  be  opened  by  the  Ma,,  a-U^'-? 
the  City  of  New  York.  The  sub-committees  on  Railroads  and  Ma- 
chine Shop  Practice  are  arranging  for  sessions,  and  there  will  be 
one  session  at  which  several  imi)ortant  miscellaneous  papers  will  be 
read. 
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THE    ANNUAL    MEETING 

DECEMBER   1-4,   igi4 


IT  is  expected  tliat  there  will  be  two  features  of  the 
Annual  Meeting  which  alone  will  make  the  meeting 
distinctive  and  of  wide-spread  interest.  The  first  of 
these  is  the  important  all-day  session  on  Thursday,  De- 
cember 3,  on  the  Engineer  in  Public  Service,  when 
papers  upon  municipal  engineering  and  related  topics 
will  be  presented.  Contributions  have  been  arranged  for 
upon  a  wide  variety  of  subjects  such  as  is  indicated  in 
the  following  tentative  list :  The  collection  and  disposal 
of  refuse  from  an  engineering  standpoint  and  the  util- 
ization of  municipal  wastes:  the  handling  of  sewage 
sludge;  the  training  of  municipal  emploj'ees;  the  clean- 
ing of  public  buildings ;  the  future  of  the  police  arm 
presented  from  the  engineering  side ;  the  problem  of 
organization  as  related  to  the  highway  department ; 
controlling  factors  in  municipal  engineering ;  cleaning 
filter  sands ;  the  design  and  operation  of  a  municipal 
electric  light  plant :  and  municipal  colleges  in  Ger- 
many. The  session  will  be  opened  by  John  Purroy 
Mitchel,  Mayor  of  the  City  of  New  York.  Arrange- 
ments for  the  session  are  being  completed  by  the  Com- 
mittee on  Public  Relations,  and  it  promises  to  be  one 
of  the  most  attractive  and  largely  attended  meeetings 
which  the  Society  has  held. 

The  other  feature  referred  to  is  that  of  the  reports 
which  are  expected  for  the  Wednesday  morning  ses- 
sion. As  is  known  to  the  membership,  two  of  the  most 
important  reports  ever  undertaken  by  the  Society  are 
nearing  completion,  and  it  is  hoped  that  both  can  be 
presented  at  the  coming  Annual  Meeting. 

One  report  is  that  of  the  Power  Test  Committee 
which  was  published  in  preliminaiy  form  in  The  Jour- 
rial  nearly  two  ^ears  ago.  Since  then  the  report  has 
been  thoroughly  revised  and  is  now  being  put  into  its 
final  form.  It  attempts  to  standardize  the  methods  of 
testing  the  various  types  of  prime  movers  and  aux- 
iliary apparatus,  and  is  so  broad  in  its  scope  that  it 
will  interest  a  veiy  large  number  of  members  of  the 
Society,  and  it  is  expected  will  constitute  one  of  the 


most  comprehensive  publications  that  the  Soeicty  lias 
rver  issued. 

Tlie  other  report,  that  of  the  Committee  on  Stand- 
ardization of  Steam  Boilers,  is  equally  voluminous,  and 
is  also  approaching  its  completed  state,  as  recounted 
elsewhere  in  this  number  of  The  Journal.  Its  value  both 
to  engineers  and  the  public  at  large  is  so  great  that  it 
can  scarcely  be  estimated,  involving  as  it  does  every 
item  of  consequence  in  relation  to  the  safety  of  steam 
boilers,  from  the  specifications  of  steel  to  tlie  qualifica- 
tions of  the  men  in  the  boiler  room. 

An  interesting  session,  in  charge  of  the  sub-commit- 
tee on  Iron  and  Steel,  will  be  devoted  to  subjects  relat- 
ing to  Cast  Iron  and  Steel  from  the  standpoint  of  the 
mechanical  engineer.  New  developments  in  the  field 
of  engineering  metals  will  be  dealt  with  in  a  way  to 
bring  out  and  make  a  matter  of  common  knowledge 
these  recent  advances.  Other  sessions  in  charge  of  sub- 
( ommittees  will  be  those  on  Machine  Shop  Practice  and 
on  Railroads.  At  the  latter  there  will  be  a  report  by 
the  sub-committee  on  Railroads,  on  the  Steam  Locomo- 
tive of  Today.  Copies  of  individual  papers  have  been 
received  from  other  sub-committees,  and  one  session 
will  be  devoted  to  a  number  of  miscellaneous  papers  of 
exceptional  merit.  The  subjects  of  these  will  be  an- 
nounced in  The  Journal  for  November,  wlien  the  com- 
plete program  for  the  meeting  will  be  published  to- 
gether with  abstracts  of  such  papers  as  are  to  be  printed 
in  advance  of  the  meeting. 

As  has  been  the  custom  for  some  years  past,  the 
President's  Reception  will  be  given  on  Tuesday  even- 
ing during  the  convention,  and  on  Wednesday  evening 
there  will  be  a  lecture  upon  a  subject  to  be  announced. 
The  reimion  this  year  is  expected  to  take  the  form  of 
a  dinner  dance  at  the  Hotel  Astor,  and  this  will  con- 
stitute the  chief  social  event  of  the  meeting.  Covers 
will  be  laid  for  at  least  350,  and  there  will  be  dancing 
between  courses.  The  grand  ball  room  at  the  Astor 
has  been  engaged  for  this  occasion. 


Ill 
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LOCAL  MEETINGS 

A  number  of  meetings  in  local  centers  are  announced 
for  October  and  are  evidence  of  the  renewed  activities 
of  the  committees  in  charge.  In  several  cities,  for 
example  in  Buffalo,  as  reported  in  the  September  issue 
of  The  Journal,  plans  have  already  been  made  for  the 
entire  season,  including  subjects  and  speakers. 

A  joint  meeting  with  the  Franklin  Institute  will  be 
held  in  Philadelphia  on  October  8,  with  a  paper  to  be 
presented  by  J.  E.  Johnson,  Jr.,  of  New  York,  on  Re- 
cent Development  in  Cast-Iron  Manufacture.  Mr. 
Johnson  wUl  discuss  the  present  theory  of  cast  iron, 
explaining  its  deficiencies  and  pointing  out  the  un- 
known or  neglected  quantities  which  cause  them.  He 
wiU  connect  the  completed  explanation  with  the  known 
facts  of  practice  in  regard  to  coke  and  charcoal  irons 
and  describe  the  method  for  converting  ordinary  coke 
iron  into  a  product  superior  to  the  best  charcoal  iron  at 
low  expense.  Samples  of  the  converted  material  will 
be  shown,  together  with  photomicrographs  of  its  struc- 
ture. The  lecture  wiU  be  illustrated  with  lantern 
slides. 

The  meeting  in  Cincinnati,  on  October  15,  will  also 
be  a  joint  meeting,  in  this  instance  with  the  Engineers 
Club,  and  Prof.  F.  R.  Hutton  will  be  the  speaker  of  the 
evening.  His  subject  will  be  the  Testing  of  the  Motor 
Vehicle  Engine,  and  the  address  will  be  illustrated  by 
lantern  slides.  The  Engineers  Club  will  as  usual  be 
the  meeting  place. 

Charles  Whiting  Baker  will  address  the  Buffalo 
meeting  on  October  22,  taking  up  the  timely  subject  of 
the  Engineer  and  Public  Service ;  and  the  St.  Paul 
membership  will  discuss  the  paper  by  Adolph  F.  Meyer, 
Power  Developments  on  the  Mississippi  River  between 
St.  Paul  and  Minneapolis,  on  October  22.  Meetings 
will  also  be  held  in  New  York  and  Boston,  but  neither 
date  has  as  yet  been  announced.  The  Boston  meeting 
will  take  up  the  subject  of  Flow  Meters. 


ered  just  to  distribute  the  payment  over  a  period  of 
years.  The  Society  has  pledged  itself  to  retire  these 
certificates  at  the  rate  of  $C000  per  year.  As  an  ear- 
nest of  this  promise  and  offsetting  the  iadebtedness, 
we  have  $24,000  in  a  special  fund,  all  invested,  so  that 
Ihere  are,  in  other  words,  four  years'  payments  in 
hand  now.  This  is  not,  however,  available  to  be  used 
for  current  expenses. 

On  account  of  the  conditions  prevailing  in  the  world 
generally,  the  Finance  Committee  feel  that  the  pro- 
gram for  the  year  should  be  conservative.  In  the  first 
place,  there  will  be  an  absolute  shrinkage  in  dues,  and, 
second,  tlie  income  from  publications  will  be  less;  so, 
tliat,  together  with  a  probable  reduced  income  from 
miscellaneous  sources  our  total  income  will  be  $15,000 
less  than  it  would  be  under  favorable  conditions.  Be- 
cause, therefore,  of  the  reduced  income  and  the  restric- 
tions of  the  Finance  Committee,  all  the  Society's  ac- 
tivities must  share  in  reduced  appropriations. 

One  of  the  phases  of  the  work  considered  by  the 
Council  to  be  of  fundamental  interest  and  benefit  to 
the  membership,  is  the  holding  of  meetings  in  the  va- 
rious cities.  Wherever  a  slight  curtailment  in  appro- 
priations for  these  meetings  shall  prove  necessary,  it  is 
hoped  that  tlie  local  committees  will  realize  that  it  is 
not  because  of  lack  of  interest  nor  of  financial  unsound- 
ness in  the  Society '«  affairs. 

ANNUAL  MEETING 

Tlie  program  for  the  Anniial  Meeting  promises  to 
be  one  of  the  most  interesting  the  Society  has  ever  en- 
joyed. Special  emphasis  should  be  laid  upon  the  all- 
day  session  of  December  3,  devoted  to  Public  Service. 
This  is  in  line  with  the  efforts  of  the  Society  to  inter- 
est the  engineer  to  a  greater  extent  in  civic  affairs,  as 
weU  as  to  bring  to  the  attention  of  the  public  the  place 
he  sliould  occupy  in  such  affairs. 


CURRENT  AFFAIRS 

Notwithstanding  the  fact  that  anj'  discussion  of 
financial  matters  may  give  some  the  impression  of  un- 
sound conditions,  we  are  glad  to  take  this  opportunity 
to  emphasize  a  contrary  state  of  affairs. 

Our  Society  is  one  of  the  strongest  financially  in  the 
world.  We  have  assets  amounting  to  considerably  over 
a  half-million  dollars.  These  include  principally  a  one- 
third  interest  in  the  property  of  the  United  Engineer- 
ing Society;  all  the  trust  funds,  amounting  to  over 
$40,000,  which  are  invested  in  non-taxable  bonds ;  and 
about  $30,000  in  cash  and  stores.  In  addition  to  dues, 
there  has  also  been  an  income  for  a  number  of  years 
from  advertising  in  The  Journal. 

We  have,  furthermore,  financed  our  small  indebted- 
ness, $60,000,  on  the  land  occupied  by  our  building,  by 
issuing  certificates  of  indebtedness,  as  it  was  consid- 


COMMITTEE  REPORTS 

Among  the  repoits  which  \sill  come  before  the  An- 
nual Meeting  for  final  discussion  and  which  promise 
to  promote  great  interest  are  those  on  Power  Tests  and 
Boiler  Specifications. 

With  regard  to  the  latter,  during  the  month  past  a 
very  widely  attended  public  hearing  has  been  held, 
lasting  several  days,  which  has  resulted  in  unanimity 
on  the  part  of  all  boiler  interests  in  America  and  the 
interests  which  manufacture  the  materials  that  go  into 
the  boiler.  The  importance  of  this  code  lies  in  its  re- 
lation to  pending  legislation.  Some  members  of  the 
Society  have  opposed  the  code  because  it  does  involve 
legislation,  but  the  whole  trend  of  the  times  is  toward 
the  establishing  of  our  laws  respecting  materials  upon 
a  good  engineering  basis  rather  than  allowing  them  to 
be  framed  bv  men  untrained  in  technical  matters. 


SOCIETY    AFFAIRS 


INTERNATIONAL  ENGINEERING  CONGRESS 

The  five  societies  acting  as  hosts  of  the  International 
J]ngineering  Congress  have  foiined  a  joint  reception 
committee,  consisting  of  Alex.  C.  Humphreys,  chair- 
man, Walter  M.  McFarland,  vice-chairman,  Charles 
Warren  Hunt,  secretary,  William  L.  Saunders,  treas- 
urer, Wm.  H.  Wiley,  Eben  E.  Olcott,  George  P.  Kunz, 
Bradley  Stoughton,  E.  D.  Meier,  Ambrose  Swasey, 
Calvin  W.  Rice,  Howel  H.  Barnes,  Jr.,  George  F. 
Sever,  F.  L.  Hutchinson,  Stevenson  Taylor  and  Daniel 
H.  Cox. 

George  M.  Brill,  a  member  of  the  American  Insti- 
tute of  Electrical  Engineers  and  of  our  Society,  has 
been  appointed  director,  with  headquarters  in  the  En- 
gineering Societies  Building.  Mr.  Brill  wiU  organize, 
under  the  auspices  of  this  general  committee,  reception 
committees  in  each  of  the  big  cities  of  the  union.  These 
reception  committees  will  be  representative  of  all  that 
is  best  in  civic  life  as  well  as  in  the  engineering  field. 

Although  it  is  reaso2iable  to  expect  that  the  war  in 
Europe  will  interfere  with  the  original  plans  of  the 
Congress,  letters  from  officials  of  the  Congress  and  also 
from  the  Verein  deutscher  Ingenieure  indicate  that 
they  are  going  ahead  with  their  arrangements. 

RELATIONS   WITH   SOI'TH    AMERICA 

The  present  situation  seems  to  offer  an  opportunity 
to  develop  our  cultural  relations  with  South  America 
through  the  medium  of  the  Panama-Pacific  Exposition 
and  the  Engineering  Congress.  The  Secretary  of  the 
Society  has  been  active  for  a  number  of  years  in  try- 
ing to  promote  these  relations.  This  year,  for  the  first 
time,  he  has  succeeded,  and  the  United  States  has  is- 
sued through  its  State  Department  the  necessary  for- 
mal invitations  to  the  Governments  of  Central  and 
South  America,  to  attend  a  Pan-American  Scientific 
Congress,  to  be  held  in  Washington  in  October  1915. 
It  is  expected  that  the  national  engineering  societies 
will  be  invited  to  assist  the  Government  in  the  conduct 
of  this  congress. 

Calvin  W.  Rice,  Secretary 


REPORT  OF  THE  NOMINATING  COMMITTEE 

To  James  Hartness,  President  of  The  American 
Society  of  Mechanical  Engineers: 

Your  committee  appointed  to  nominate  officers  for 
the  ensuing  year  has  completed  its  work  and  herewith 
submits  its  report : 

Your  committee  departed  from  the  custom  followed 
in  the  Society  for  some  years,  of  sending  a  circular  let- 
ter to  the  entire  membership  inviting  suggestions  as  to 
the  nominees.  Experience  has  shown  that  only  a  small 
percentage  of  the  membership,  less  than  one-sixth  in 
any  one  year,  make  any  reply  to  these  circulars,  ilost 
of  those  who  do  reply,  moreover,  send  merely  off-hand 


suggestions.  It  is  not  to  be  expected  that  an  individual 
member  will  give  the  time,  thought  and  study  to  the 
various  questions  in  connection  with  the  nominations 
that  is  essential  if  wise  choices  are  to  be  made. 

Further  than  this,  because  so  few  members  take  the 
trouble  to  answer  the  circular  letter,  the  opportunity 
is  open  for  any  member  or  group  of  members  to  send 
out  letters  asking  that  a  paiticular  candidate  be  recom- 
mended to  the  Nominating  Committee,  with  the  result 
that  that  committee  may  be  flooded  with  what  is  ap- 
parently an  overwhelming  and  spontaneous  demand 
from  the  membership  that  this  candidate's  name  should 
be  placed  upon  the  ticket. 

For  these  and  other  reasons,  your  Nominating  Com- 
mittee believed  it  desirable  that  a  departure  be  made 
from  the  custom  of  sending  out  a  general  invitation  to 
the  membership  for  suggestions.  It  is  to  be  remem- 
bered that  the  procedure  from  which  we  have  departed 
this  year  is  a  mere  custom  introduced  by  an  earlier 
Nominating  Committee.  It  is  neither  required  nor 
authorized  by  our  Constitution  and  By-Laws,  and  for- 
mer committees  which  have  followed  that  metliod  have 
done  so  in  the  exercise  of  the  discretion  vested  in  them ; 
just  as  the  present  committee  has  thought  best  to  aban- 
don the  custom  this  year. 

But  there  is  no  doubt  that  your  committee  and  any 
nominating  committee,  needs  aid  and  advice  from  out- 
side its  own  membership  in  order  to  make  a  wise  selec- 
tion of  candidates.  The  members  of  the  committee, 
therefore,  conferred  individually  with  and  asked  the 
advice  of  various  members  of  the  Society,  selecting 
those  who  were  known  to  be  especially  interested  in  the 
Society's  work  and  willing  to  take  time  to  give  care- 
ful thought  to  matters  aft'eeting  its  welfare.  Personal 
letters  were  also  sent  by  the  members  of  the  committee 
to  members  of  the  Society  representative  of  different 
branches  of  the  profession  and  resident  in  different 
parts  of  the  country,  in  order  to  make  the  advice  thus 
obtained  truly  representative  of  all  sections  of  the 
membership. 

From  the  results  we  have  obtained,  we  believe  this 
system  of  seeking  advice  from  members,  each  of  whom 
is  requested  to  give  careful  thought  to  the  matter, 
affords  a  far  safer,  more  constructive  and  more  dis- 
criminating aid  to  a  nominating  committee  than  the 
old  plan  of  a  printed  circular  letter  sent  broadcast  to 
the  entire  membership. 

Tlie  only  embarrassment  your  committee  has  experi- 
enced has  been  from  the  number  of  well-qualified  can- 
didates for  the  vai-ious  offices  presented  for  our  consid- 
eration. In  making  our  selection  we  have  been  gov- 
erned not  alone  by  the  ability  of  the  candidates  to  ren- 
der useful  service  to  the  Society  and  their  prominence 
in  the  profession,  which  makes  the  nomination  deserved, 
but  by  the  propriety  of  giving  due  representation  in 
the  Council  to  different  geographical  sections  and  also 
to  different  branches  of  the  profession. 


VI 
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In  presenting  the  candidates  we  liave  chosen,  more- 
over, we  present  also  a  brief  summary  of  their  respect- 
ive professional  careers,  for  the  benefit  of  those  mem- 
bers who  may  not  know  them  personally.  This  seems 
to  us  essential  to  enable  members  to  judge  intelligently 
in  easting  their  letter  ballot  in  the  election. 

The  candidates  we  now  present  are  as  follows : 

For  President: 

Dr.  John  A.  Bkashkak,  Pittslmrgli 
For  Vice.-Presidenls: 

Henrt  Hess,  Philadelphia 

Geo.  W.  Dickie,  San  Franci.sco 

James  E.  Sague,  Poughkeepsie 
For  Mdungrrs: 

Chakles  T.  Main,  Boston 

Spenceu  Milleh,  New  York  City 

Max  Toltz,  St.  Paul 

(1)1(1  to  fill  the  unexpired  t(  rm  of  flu  Uitf  Alfnd  Xnhlc: 

MoKuis  L.  Cooke,  Philadelphia 
For  Treasurer: 

Wm.  II.  Wiley,  New  York  City 

Hpsi)eet fully  submitted. 


John  E.  Sweet,  Clwm. 
Charles  Whiting  Baker,  V-Chmn.  I  Xoni- 
JoHN  H.  Barr  \inaling 

A.  M.  Hunt  \  Cmnmillee 

P.  W.  Gates 


/ini 


An  account  of  the  professional  career  of  each  of  the 
nominees  follows : 

JOHN  A.  BRASHEAR 

John  A.  Brashear  was  born  in  Brownsville,  Pa.,  in  1840 
and  educated  in  the  i)ublic  schools.  He  learned  the  machinist's 
trade  and  from  1800-1870  worked  in  the  rolluig  mills  of 
Pittsburgh.  The  study  of  astronomy,  however,  had  been  his 
hobby  from  boyhood,  and  all  his  spare  time  was  devoted 
to  it.  lu  1870  he  attracted  the  attention  of  Langley,  then 
head  of  the  Allegheny  Observatory,  and  through  the  assist- 
ance of  Mr.  William  Thaw,  one  of  the  observatory  patrons, 
set  up  a  shop  in  Allegheny  for  the  manufacture  of  astro- 
nomical instruments.  In  a  very  short  time  he  became  widely 
known  as  an  e.xpert  in  the  de\'eloiinient  and  manufacture 
of  astronomical  instruments  of  precision,  and  it  is  safe  to 
say  that  a  history  of  the  work  of  his  shop  would  closely 
approximate  the  history  of  astronomy  during  the  last  thirty 
years. 

Perhaps  his  most  important  achievement  has  been  in  con- 
nection with  the  design  and  development  of  the  spectroscope 
for  astronomical  uses,  particularly  with  reference  to  the 
mechanical  features.  In  1888  he  completed  the  spectroscope 
for  the  .'iG-inch  telescope  of  the  Lick  Observatory,  furnishing 
the  mechanical  parts,  and  at  the  same  time  a  complete  small 
spectroscope,  including  the  prisms  and  all  other  optical  parts. 
The  excellence  of  the  work  which  has  been  done  by  Pro- 
fessor Keeler  at  the  Lick  Observatory  is  freely  attributed  to 
Dr.  Brasliears  skill  and  genius,  and  many  of  the  spectro- 
scopes from  the  principal  observatories  of  the  world  have 
been  sent  to  Dr.  Brashear  to  be  remodeled. 

Dr.  Brashear's  more  purely  scientific  work  also  biought 
recognition  and  about  the  time  of  his  removal  to  Allegheny 
he  was  given  an  aiipointment  in  the  University  of  Western 


Pennsylvania  of  which  the  Allegheny  Observatory  was  a  de- 
]>artment.  From  1898  to  1900  he  was  acting  director  of  the 
Allegheny  Observatory  and  has  always  kept  in  touch  with 
its  development,  and  through  his  efforts  it  has  been  put  in 
every  possible  way  at  the  disposal  of  the  public.  For  a  num- 
ber of  years  past  Dr.  Brashear  has  also  been  a  trustee  of  the 
Carnegie  Institute  of  Technology,  and  it  is  said  that  he  has 
done  more  for  the  cause  of  education  in  Pittsburgh  than  any 
three  other  men.  Several  years  ago  a  friend  placed  in  his 
hands  an  endowment  fund  of  $250,000,  to  be  used  for  the 
advancement  of  the  public  schools,  as  a  result  of  which  600 
teachers  have  been  sent  to  different  parts  of  the  countiy  tor 
rest  and  study,  bringing  back  with  them  new  ideas  and 
greater  enthusiasm. 

Dr.  Brashear  is  a  fellow  of  the  American  Association  for 
the  Advancement  of  Science  and  the  Royal  Astronomical 
Society  of  Great  Britain ;  is  a  past-president  of  the  Engi- 
neers Society  of  Western  Pennsylvania  and  the  Pittsburgh 
Academy  of  Arts  and  Sciences;  and  is  a  member  of  the 
British  Astronomical  Association, the  Societe  Astronomique  de 
France,  the  Societe  de  Belgique.  the  American  Philosophical 
Society,  the  Astrophysical  Society  of  America,  the  National 
Geographic  Society,  and  an  Honorary  Member  of  the  Royal 
Astronomical  Society  of  Canada.  He  has  been  honored  with 
the  degree  of  LL.D.  by  Washington  and  Jefferson  College 
and  by  Wooster  University,  and  with  the  degree  of  Sc.D.  by 
Princeton  University  and  the  Western  University  of  Penn- 
sylvania. He  was  made  an  Honorary  Member  of  this  So- 
ciety in  1908. 

HENRY  HESS 

Henry  Hess  was  born  in  Darmstadt,  Germany,  in  1863, 
coming  to  the  United  States  shortly  thereafter.  He  re- 
ceived his  education  in  the  New  York  schools,  with  several 
additional  years  of  schooling  in  Germanif.  He  began  his 
professional  career  upon  his  return  to  the  United  States 
in  1880,  working  successively  as  machinist,  draftsman,  de- 
signer and  superintendent,  among  others  with  the  Pond  Ma- 
chine Tool  Company,  Worcester  and  Plainfield.  the  Water- 
vliet  Arsenal,  U.  S.  A.,  on  the  design  of  special  heavy 
ordnance  machine  tools,  the  Niles  Tool  Works  Company,  the 
Bureau  of  Construction  and  Repair,  U.  S.  N.,  and  spent  sev- 
eral years  in  Germany  as  consulting  engineer  and  later  man- 
aging director  of  the  German  Niles  Tool  Works  Company  of 
Berlin.  In  1904  he  founded  The  Hess-Bright  Manufactur- 
ing Company,  inaugurating  the  American  hea\y  ball  bear- 
ing industry.  He  disposed  of  these  interests  in  1912  and 
formed  The  Hess  Steel  Castings  Company  and  The  Hess- 
Ives  Company. 

Mr.  Hess  is  past-president  of  the  Society  of  Automobile 
Engineers  and  of  the  Engineers  Club  of  Philadelphia,  and 
is  a  member  of  the  American  Institute  of  Mining  Engineers, 
the  American  and  International  Societies  for  Testing  Ma- 
terials, the  American  Electrochemical  Society,  the  A'erein 
deutseher  Ingenieure,  the  Institute  of  Automobile  Engineers 
of  Great  Britain,  and  a  life  member  of  the  Schiffbautech- 
nische  Gesellschaft.  He  has  been  an  occasional  contributor 
to  various  teclmical  publications  as  well  as  to  the  Trans- 
actions of  the  various  organizations  to  which  he  belongs. 

G.  W.  DICKIE 

G.  W^.  Dickie  was  born  in  Arbroath,  Scotland,  July  17, 
1844,  and  was  educated  at  Tayport,  Fife.  From  1860  to  1864 
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he  served  a  special  apprenticeship  in  the  locomotive  and 
marine  shops  of  the  Edinbvirgh,  Perth  and  Dundee  Rail- 
way, now  known  as  the  North  Bi-itish  Railway,  serving  an 
additional  two  years  in  the  construction  of  spinning  mill 
machinery  at  Monifieth,  Scotland.  He  was  employed  in  the 
shipyard  of  Wm.  Dickie  &  Sons,  Tayport,  Scotland,  from 
1866  to  1869. 

In  1869  Mr.  Dickie  came  to  the  United  States  and  was 
employed  as  an  engineer  for  the  Risdon  Iron  Works  of  San 
Francisco,  where  besides  having  charge  of  their  marine  work 
he  took  a  leading  part  in  the  design  and  construction  of 
the  iiea\>'  machinery  for  the  Comstock  Mines.  He  subse- 
quently became  engineer-in-chief  of  the  Risdon  Iron  Works 
and  remained  in  their  employ  until  1883,  when  he  became 
director  and  manager  of  the  newly  formed  Union  Iron  Works 
Company.  During  his  connection  with  this  company  twenty- 
three  war  vessels  and  about  sixty  merchant  vessels  were 
built,  in  addition  to  other  large  undertakmgs. 

Since  1905  Mr.  Dickie  has  been  engaged  in  consulting 
work,  for  the  most  part  in  connection  with  marine  engineer- 
ing and  naval  architecture  in  San  Francisco.  He  super- 
intended the  building  of  the  steamer  President  at  the  yard  of 
the  New  York  Shipbuilding  Company,  and  the  design  and 
construction  of  the  steamers  Governoi-  and  Congress. 

JAMES  E.  SAGUE 

James  E.  Sague  was  boi'n  at  Poughkeepsie,  N.  Y.,  .July 
20,  1862.  He  is  a  graduate  of  the  Stevens  Institute 
of  Technology.  His  thesis,  a  Report  on  the  Trial  of  the 
Steamer  City  of  Fall  River,  was  published  in  the  American 
Engineer  and  the  Journal  of  the  Franklin  Institute.  From 
188.3-1891  he  was  engaged  in  railroad  work,  acting  succes- 
sively as  draftsman,  engineer  of  tests,  general  shop  foreman, 
and  master  mechanic.  He  then  engaged  in  locomotive  build- 
ing, first  with  the  Schenectady  Locomotive  Works  and  later 
with  the  American  Locomotive  Comi)any,  first  as  mechanical 
engineer,  and  later  as  assistant  vice-president  and  vice-presi- 
dent, having  charge  of  engineering  and  manufacturing. 

When  the  public  utilities  of  New  York  were  placed  under 
the  control  of  PubUe  Service  Commissions  in  the  first  ad- 
ministration of  Governor  Hughes,  Mr.  Sague  was  appointed 
a  member  of  the  commission  for  the  Second  District,  con- 
trolling all  public  utilities  in  New  York  State  outside  of 
New  York  City.  He  is  the  only  engineer  who  has  been  ap- 
pointed on  the  New  York  Commissions  and  has  held  the 
office  for  seven  years. 

CHARLES  T.  MAIN 

Charles  T.  Main  was  graduated  from  the  Massachusetts 
Institute  of  Technology  in  1876  and  remained  as  assistant 
in  the  department  of  mechanical  engineering  until  1879. 
He  was  for  several  years  draftsman  of  the  Manchester  Mills, 
Manchester,  N.  H.,  and  subsequently  acted  as  engineer,  as- 
sistant superintendent  and  superintendent  of  the  Lower 
Pacific  Mills,  Lawrence,  Mass.  In  1892  he  entered  into  con- 
sulting practice  with  F.  W.  Dean  under  the  firm  name  of 
Dean  &  Main.  Since  1907  he  has  been  in'actieing  under  his 
own  name,  with  offices  in  Boston. 

Mr.  Main  has  designed  and  supervised  the  construction 
of  many  industrial  plants,  also  steam  power  and  water 
plants,  and  has  done  a  large  amount  of  expert  work,  such 
as  consultation,  reports  on  various  projects,  valuations  and 


(111  cases  as  a  witness  or  referee.  He  is  a  past-president 
ol  the  Boston  Society  of  Civil  Engineers,  a  term  member  of 
the  Corporation  of  the  Massachusetts  Institute  of  Tech- 
nology, and  is  now  president  of  the  Engineers  Club  of  Bos- 
ton. 

SPENCER  MILLER 

S|iencer  Miller  was  born  in  Waukegan,  111.,  in  18.59,  and 
was  educated  at  the  Worcester  Polytechnic  Institute,  gradu- 
ating in  1879.  He  entered  the  employ  of  the  Link-Belt 
Company,  Chicago,  and  while  here  designed  a  number  of 
rope  drives  and  apparatus  for  handling  cargo  from  steam- 
ships, which  is  still  in  use  in  Chicago.  He  also  devised  a 
method  of  equalizing  the  grip  of  the  ropes  on  the  pulleys  of 
different  diameters  by  varying  the  angles  of  the  grooves. 

He  has  been  for  26  years  associated  with  the  Lidgerwood 
Manufacturing  Company  of  New  York.  At  the  time  of  his 
first  connection  with  them  the  company  had  just  begun  to 
manufacture  overhead  cableway  systems  employing  the  crude 
chain  connected  fall  rope  carriers.  Mr.  Miller  developed 
an  entirely  new  system  known  as  the  button  stop  fall  rope 
carrier  system,  which  has  been  employed  in  the  construction 
of  U.  S.  fortifications,  dams,  filtration  beds,  sewers,  open 
pit  mining,  and  the  Gatun  Locks  of  the  Panama  Canal. 
He  also  perfected  a  system  for  log  skidding  by  steam  in  tlie 
form  of  a  cableway. 

During  the  Spanish-American  War  he  developed  the  ma- 
rine cableway  in  solution  of  the  problem  of  coaling  at  sea, 
and  this  has  been  used  in  the  navies  of  Great  Britain,  Japan, 
Russia  and  Italy  as  well  as  the  United  States.  The  marine 
transfer  for  broadside  coaling  of  ships  in  harbors  is  also 
one  of  his  inventions.  His  most  recent  contribution  is  an 
automatic  tension  engine  which  makes  it  possible  to  oper- 
ate a  breeches  buoy  apparatus  between  two  ships  in  the 
heaviest  sea. 

]\Ir.  Miller  is  a  member  of  the  American  Society  of  Civil 
Engineers,  the  Society  of  Naval  Architects  and  Marine  En- 
gineers, the  American  Institute  of  Mining  Engineers,  and 
the  Canadian  Institute  of  Mining  Engineers. 

MAX  TOLTZ 

Max  Toltz  was  born  in  Coeslin,  Germany,  in  18.57,  and 
was  graduated  from  the  Royal  Polytechnical  College  of  Ber- 
lin in  1878.  He  came  to  the  United  States  in  1882  and  be- 
came associated  with  the  St.  Paul,  Minneapolis  &  Manitoba 
Railway,  now  the  Great  Northern,  serving  successively  as 
draftsman,  assistant  engineer,  bridge  engineer,  and  mechan- 
ical engineer.  In  the  latter  capacity  he  had  charge  for 
four  years  of  the  motive  power  department. 

From  1903  to  1905  he  acted  as  consulting  engineer  of 
the  Canadian  Pacific  Railway,  during  which  time  lie  built 
the  Angus  Shops  near  Montreal  and  also  those  at  AVinnipeg. 
He  also  acted  as  consulting  engineer  for  the  Erie  Railroad  at 
this  period.  In  1905  he  became  vice-president  and  general 
manager  of  the  Manistee  &  Grand  Rapids  Railway,  acting 
also  as  consulting  engineer  for  different  railroads  at  the  same 
time.  Since  1908  he  has  conducted  a  private  practice,  in- 
cluding the  work  of  consulting  engineer  for  the  Great  North- 
ern Railway,  the  Northern  Pacific  Railway,  tlie  Chicago, 
Michigan  &  St.  Paul  and  the  Butte  &  Anaconda  Rail- 
way, reporting  especially  upon  the  electrification  of  steam 
roads,  and  also  specializing  in  power  plants,  grain  elevators 
and  large  handling  plants,  and  iron  ore  docks. 
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MORRIS  L.  COOKE 

Morris  L.  Cooke  was  born  May  11,  1872,  in  Carlisle,  Pa., 
and  received  his  education  at  Lehigh  University,  from  which 
he  was  graduated  with  the  degree  of  M.E.  in  1895.  He 
sei-ved  an  apprenticeship  in  the  machine  shop  at  Cramps 
Shipyard,  Philadelphia,  and  later  worked  as  journeyman 
macliiuist  at  the  Southwark  Foundry,  Philadeljjliia.  In  1890 
he  became  engineer  for  the  Acetylene  Company,  Washing- 
ton, D.  C,  and  in  1898  assistant  engineer  in  the  United 
States  Navy,  serving  as  engineer  watch  officer  on  the  U.  S.  S. 
Miantonomoh  and  chief  engineer  on  the  U.  S.  S.  Eagle 
during  the  war  with  Spain.  Following  the  war  he  engaged 
in  commercial  organization  work  and  since  1905  has  acted 
as  consulting  engineer  on  matters  of  management,  specializ- 
ing in  printing  and  the  allied  trades.  Mr.  Cooke  conducted 
an  inquiry  on  collegiate  administrative  methods  for  the  Car- 
negie Foundation  and  the  report  has  been  issued  under  the 
title.  Academic  and  Industrial  Efficiency.  Mr.  Cooke  is  at 
present  Director  of  Public  Works  for  the  city  of  Philadel- 
phia. 

WM.  H.  WILEY 

Wm.  H.  Wiley  was  born  July  10,  1842,  m  New  York  City, 
and  received  his  A.B.  degree  from  the  College  of  the  City 
of  New  York  in  1861,  and  the  degree  of  C.E.  from  Rensse- 
laer Polj'technic  Institute  in  1866.  He  also  studied  as  a 
special  student  at  the  Columbia  School  of  Mines  in  1868. 

At  the  outbreak  of  the  Civil  War  he  joined  the  Seventh 
Regiment  of  New  York  Volunteers,  and  in  1862  was  made 
first  lieutenant.  When  the  regiment  was  mustered  out  in 
1864  he  was  given  the  title  of  Major  U.  S.  V. 

Since  1876  Major  Wiley  has  been  a  publisher  of  scientific 
works.  He  served  as  a  member  of  the  58th,  59th  and  61st 
congresses,  from  New  Jersey.  In  1897  he  was  president 
of  the  International  Jury  of  the  Brussels  Exposition,  and 
was  a  member  of  the  Superior  Jury,  Brussels.  He  was  a 
commissioner  from  New  Jersey  at  the  St.  Louis  Exposition 
in  1904. 

Major  Wiley  is  the  author  of  a  book  on  Yosemite,  Alaska, 
and  Yellowstone,  published  in  1888,  and  has  acted  as  New 
York  correspondent  for  London  Engineering.  He  is  a  mem- 
ber of  the  American  Society  of  Civil  Engineers,  the  Ameri- 
can Institute  of  Electrical  Engineers,  the  American  Insti- 
tute of  Mining  Engineers,  the  American  Association  for  the 
Advancement  of  Science,  the  National  Geographic  Society, 
the  Order  of  Leopold,  Belgium,  and  the  Loyal  Legion. 


ALFRED    FERNANDEZ    YARROW     ELECTED 
HONORARY  MEMBER 

At  the  meeting  of  the  Council  in  July,  Alfred  Fer- 
nandez Yarrow  of  Blaneford,  Stirlingshire,  Scotland, 
was  elected  to  Honorary  Membership.  Mr.  Yarrow  is 
known  as  one  of  the  most  eminent  marine  engineei's, 
Laving  been  among  tlie  earliest  to  enter  the  field  of  eon- 
stniction  of  light,  high-speed  launches  and  torpedo 
boats.  He  is  also  noted  for  the  scientific  solution  of  the 
reduction  of  vibration  in  reciprocating  engines.  He, 
with  the  late  Dr.  Sehlick,  was  the  inventor  of  the 
method  of  balancing  engines  known  as  the  Yarrow- 
Schlick-Tweedy  system,  wliich  for  almost  twenty  years 


past  has  been  applied  to  large  reciprocating  engines  in 
high  grade  ships.  He  was  also  a  pioneer  in  experi- 
mentation on  the  subject  of  circulation  in  boilers. 

Mr.  Yarrow  lias  done  much  in  the  line  of  improve- 
ments in  machinery  and  hulls.  He  is  also  a  leader  in 
the  educational  field,  particularly  that  of  arranging  for 
part  time  in  college  and  part  time  in  shop  work.  He 
presented  to  the  British  nation  the  experimental  tank 
at  the  National  Physical  Laboratory,  which  is  about  150 
feet  long  by  50  feet  wide,  and  is  fully  equipped  with 
overhead  running  trolleys  for  the  making  of  all  man- 
ner of  experiments  in  connection  with  marine  design. 
He  has  also  for  many  years  maintained  a  marine  hos- 
pital and  sanitarium  at  his  own  expense. 

He  is  a  member  of  the  Institution  of  Civil  Engineers, 
the  Institution  of  Mechanical  Engineers,  the  Institution 
of  Naval  Architects  and  Marine  Engineers,  and  a  mem- 
ber of  the  General  Board  of  the  National  Physical 
Laboratory. 

THE   PUBLIC   HEARING   OF   THE   BOILER 
SPECIFICATIONS  COMMITTEE 

Held  September  15,  1914  in  the  liooms  of  the  Society 

The  public  hearing  held  September  15  and  16,  1914, 
by  the  Boiler  Specifications  Committee  has  been  suc- 
cessful in  clearing  up  many  of  the  important  features 
of  the  problem  that  had  been  in  question. 

As  announced  in  the  September  issue  of  The  Jour- 
nal, further  criticisms  and  suggestions  had  been  re- 
quested from  all  who  had  not  previously  sent  in  a 
statement  or  who  wished  to  make  additional  recommen- 
dations, and  a  wide  and  general  response  was  received, 
covering  the  subjects  in  question  so  comprehensively 
and  completely  that  much  was  accomplished  at  the 
hearing.  The  ready  response  and  the  general  spirit  of 
cooperation  in  evidence  at  the  hearing  afforded  the 
committee  much  satisfaction.  The  ground  covered  was 
so  extensive  that  it  is  the  committee's  expectation  that 
its  preliminaiy  report  may  soon  be  completed. 

As  previously  stated,  the  tentative  draft  of  the  com- 
mittee's report,  which  had  been  printed  in  limited  edi- 
tion and  issued  to  authorities  on  boiler  subjects,  was 
merely  a  suggested  form  to  serve  as  a  basis  of  study  and 
criticism,  and  it  is  now  being  revised  and  rewritten  to 
incoi-porate  the  various  suggestions  and  recommenda- 
tions received.  It  had  been  formulated  with  the  boiler 
code  of  the  State  of  Massachusetts  as  a  foundation ; 
these  rules  in  general  have  already  been  adopted  and 
successfully  applied  in  the  State  of  Ohio,  the  City  of 
Detroit,  and  elsewhere,  and  thus  carry  the  endorsement 
of  actual  application  and  use.  When  the  demand  arose 
for  a  code  to  be  introduced  into  other  states,  it  was  nat- 
urally the  desire  that  it  be  based  upon  the  Massachu- 
setts Code  with  such  modifications  and  additions  as 
were  necessary  to  render  it  complete  and  up-to-date  in 
every  particular.    To  accomplish  this,  the  committee  has 
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coiK-i'iitrated  its  uft'ort  for  ovin-  two  ye;n'N  and  has  en- 
deavored to  render  its  pi'oposed  code  a  standard  of  the 
higliest  order  and  elTective  for  maxinnnn  ])roteetion  to 
life  and  jiroperty. 

The  hearing  was  tlie  result  of  a  resolution  passed  at 
the  Spring  ]\reeting  of  1914  at  St.  Paul-Minneapolis, 
at  wliich  was  felt  the  advisability  of  special  meetings 
to  grant  all  those  interested  the  opportunity  of  discus- 
sing the  many  details  of  the  problem,  and  to  secure  in 
this  manner  the  best  possible  adjustment  of  dift'erences 
that  might  arise.  Tlie  far-reaching  effect  of  some  of 
the  important  elements  of  the  new'  code  .was  shown  by 
the  great  amount  of  interest  taken  in  the  preliminary 
discussion  at  St.  Paul  and  the  need  of  much  careful 
study  revealed.  The  date  of  the  hearing  was  set  for 
September  15,  and  the  meeting  was  called  to  order  by 
the  Chaii'man,  John  A.  Stevens,  in  tlie  auditorium  on 
the  fifth  floor  at  10.30  a.m.  There  were  about  150  in 
attendance,  including  representatives  from  a  number 
of  organizations  and  engineering  associations,  from 
manufacturers  of  boilers  and  their  constituent  parts, 
from  the  boiler  insurance  companies  and  from  legisla- 
tive bodies  in  many  states.  Six  members  of  the  Boiler 
Specifications  Committee  were  present  as  follows :  John 
A.  Stevens,  Cliairman,  Wm.  II.  Boehm,  R.  C.  Carpen- 
ter, Richard  Hammond,  C.  L.  Huston,  and  E.  F.  Miller. 

The  Chairman,  Mr.  Stevens,  in  calling  the  meeting 
to  order,  drew  attention  to  the  large  number  of  boiler 
explosions  that  have  oecuri'ed  in  this  country  with 
attendant  fatalities  and  injuries,  and  expressed  for- 
cibly the  necessity  for  better  boilers  and  better  condi- 
tions governing  their  operation  to  prevent  this  loss  of 
life  and  property.  The  committee  pointed  out  that  this 
eould  be  accomplished  only  by  the  introduction  of  uni- 
form boiler  laws  in  all  states  of  tlie  Union  and  their  uni- 
form enforcement.  Referring  to  his  experience  as  a 
member  of  the  Massachusetts  Board  of  Boiler  Rules  in 
formulating  and  introducing  the  first  comprehensive 
and  complete  Code  of  Boiler  Rules  established  in  this 
country,  he  explained  that  the  causes  of  tliis  legislation 
lay  not  only  in  the  many  serious  boiler  explosions  wliich 
had  occurred  at  Brockton,  Lynn,  and  elsewhere  shortl.y 
before,  but  also  in  the  difficulties  resulting  from  lack 
of  uniformity  in  the  requirements  of  the  various  state 
inspectors.  The  committee  showed  that  not  only  the 
manufacturers,  but  also  the  users  of  boilers  deserve 
some  freedom  from  the  annoyances  attending  lack  of 
uniformity  among  the  many  boiler  inspectors  in  charge 
of  the  state  inspections.  Prior  to  the  inauguration  of 
the  Code  of  Boiler  Rules,  where  there  were  from  10  to 
15  inspectors,  there  were  10  to  15  boiler  laws.  It  was  to 
avoid  this  confusion  that  tlie  Boiler  Code  was  formu- 
lated and  similarly  it  now  becomes  a  national  duty  to 
prevent  confusion  among  the  various  states  of  tlie 
Union  by  formulating  first  a  satisfactory  Code  of  Boiler 
Rules  and  second,  putting  it  into  eft'ect  uniformly 
throughout  every  state. 


Mr.  Stevens  stated  that  it  was  the  policy  and  desire 
of  the  committee  to  receive  and  consider  any  and  all 
suggestions  for  the  Code  that  would  make  for  greater 
protection  of  human  life  and  propert.y,  and  although 
tile  committee  having  scoured  the  country  to  obtain 
everything  that  would  be  of  value  for  their  i-eport, 
considered  that  it  had  done  its  best,  further  sugges- 
tions and  criticisms  were  expected  and  would  be  gladly 
leceived.  The  committee  wished  it  to  be  understood 
that  any  features  of  the  report  that  proved  objection- 
able would  be  changed  or  omitted,  but  they  desired  to 
impress  the  fact  that  boilers  can  be  properly  built  for 
any  condition  of  operation  and  for  almost  any  pressure 
for  an  increase  of  only  10  to  20  per  cent  in  cost.  They 
emphasized  the  fact  that  good  boilers  can  and  should 
be  provided  for  by  this  Code. 

The  Chairman  then  introduced  Edw.  H.  Wells,  Pres- 
ident of  the  Babcock  &  Wilcox  Company,  who  spoke  on 
the  situation  from  the  standpoint  of  the  boiler  manu- 
facturer. He  expressed  himself  as  heartily  in  accord 
with  the  movement  for  standard  specifications  for 
steam  boilers,  first  because  he  hoped  that  it  might  lead 
to  the  building  of  better  and  safer  steam  boilers,  and 
second,  because  he  hoped  it  might  lead  to  uniformity 
in  boiler  laws  throughout  all  states  of  the  Union  and 
thus  eliminate  much  trouble  and  annoyance  for  the 
boiler  manufacturers.  He  believed  that  this  work  must 
be  done  because  it  was  inevitable,  and  that  The  Ameri- 
can Society  of  Mechanical  Engineers  was  the  associa- 
tion that  must  do  it.  He  bespoke  for  the  committee 
the  hearty  support  of  the  boiler  makers,  the  boiler 
users,  the  manufacturers  supplying  boiler  materials, 
the  boiler  insurance  companies  and  all  who  were  inter- 
ested directly  or  indirectly  in  the  subject. 

Thos.  E.  Durban  was  then  called  upon  and  expressed 
his  hearty  approval  of  the  committee's  action  in  for- 
mulating the  Code  of  Boiler  Rules.  He  referred  to  the 
difficulties  which  he  had  experienced  in  connection  with 
his  work  as  chairman  of  the  committee  of  the  National 
Tubular  Boiler  Manufacturers  Association  in  agi- 
tating the  matter  of  uniform  boiler  laws.  He  showed 
the  far-reaching  effect  of  the  present  lack  of  uniformity 
and  expressed  the  opinion  that  uniformity  among  the 
state  boiler  laws  was  an  absolute  necessity.  He  urged 
also  the  necessity  for  immediate  action  in  this  matter 
and  pointed  out  the  fact  that  five  states  are  now  pre- 
paring to  enact  legislation  of  this  character. 

Among  the  others  who  addressed  the  meeting  were 
L.  E.  Connolly  and  W.  H.  Broderick  representing  the 
American  Boiler  Manufacturers  Association,  F.  R. 
Ijowell,  Chas.  S.  Blake,  Alex.  C.  Humphreys,  E.  T. 
Child,  I.  E.  Jloultroup,  E.  B.  Katte,  Edgar  Marburg 
and  C.  D.  Young. 

The  hearing  first  took  the  form  of  a  discussion  of 
methods  of  procedure  in  order  to  satisfy  all  inquirers 
and  give  every  one  interested  an  opportunity  to  be 
heard.     After  considerable  discussion,  it  was  decided 
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to  take  up  all  writteu  discussions  first,  giving  others 
the  opportunity  to  be  heard  afterward.  It  was  sub- 
sequently i-uled  that  another  public  hearing  should  be 
held  if  the  results  of  this  demonstrated  the  need  there- 
of, and  that  the  committee  should  sit  in  conference 
witli  any  interested  body  and  give  the  representatives 
of  that  body  opportunity  for  full  discussion  and  con- 
sideration of  every  question  involved  by  the  report. 

After  the  noon  recess,  the  discussion  of  the  Code  was 
taken  up  systematically  beginning  witli  the  first  page 
of  the  pamphlet.  The  suggestions  offered  in  writing 
had  been  classified  with  respect  to  their  references  to 
each  page  of  the  pamphlet  and  the  work  of  considering 
the  various  recommendations  was  thus  greatly  facili- 
tated. The  early  part  of  the  afternoon  was  given  up 
to  the  discussion  of  the  engineei's  and  firemen's  license 
law  and  the  boiler  inspection  law.  The  latter  was  con- 
sidered from  the  standpoint  of  the  users  and  operators 
as  well  as  also  of  the  insurance  companies  and  the 
boiler  manufacturers,  and  the  question  of  the  Boiler 
Control  Boards  that  would  become  necessary  in  the 
various  states  discussed.  Following  this.  Parts  I  and 
II  of  the  Code  were  taken  up  and  certain  of  the  require- 
ments discussed  at  length ;  among  these  were  such  items 
as  boiler  ratings,  shearing  strengths  of  rivets,  factors 
of  safety,  the  length  of  life  of  lap-seamed  boilers,  the 
safety  valve  formula,  the  question  of  safety  valves  on 
superheaters,  fusible  plugs,  bracing  of  heads,  etc. 

The  discussion  upon  safety  valves  occupied  a  consid- 
erable portion  of  the  afternoon  but  was  finally  discon- 
tinued to  enable  a  delegation  from  the  National  Asso- 
ciation of  Thresher  Manufacturers  to  be  heard.  This 
committee  favored  a  continuation  of  the  0.  G.  type  of 
flange  on  boilers  under  50-h.p.  nominal  rating.  Follow- 
ing this,  a  committee  of  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers  was  heard,  and  then  the 
meeting  was  thrown  open  to  the  discussion  of  the  ques- 
tion of  boiler  material;  this  discussion  was  continued 
without  recess  until  the  adjournment  at  8.30  p.m. 

The  feature  of  the  second  day  of  the  hearing,  Sep- 
tember 16,  was  a  number  of  conferences  with  repre- 
sentatives of  different  associations  which  were  under- 
taken by  the  committee  in  order  to  better  enable  them 
to  determine  the  specific  requirements  of  the  industries 
affected.  The  first  group  to  be  heard  was  representa- 
tives of  the  lap-welded  tube  interests,  who  objected  to 
the  discrimination  resulting  from  certain  features  of 
the  report  affecting  the  use  of  lap-welded  tubes  in  boil- 
ers. As  they,  however,  had  no  constructive  criticism 
to  offer,  not  having  had  an  opportunity  to  meet  and 
prepare  their  recommendations,  it  was  arranged  that 
their  hearing  be  adjourned  until  September  26  to  give 
them  an  opportiinity  to  meet  and  prepare  a  complete 
specification  for  boiler  tubes  that  should  be  satisfac- 
tory to  all  interests  involved. 

A  committee  composed  of  the  i-epresentatives  of  the 
American  Boiler  Manufacturers  Association  and  the 


National  Tubular  Boiler  Manufacturers  Association 
conducted  a  private  meeting  that  lasted  throughout 
the  day  of  September  16,  in  which  the  preliminary  re- 
port was  discussed  from  all  standpoints  and  very  care- 
fully considered  for  its  application  to  the  boiler  manu- 
facturing industry.  The  result  of  their  work  was  a 
comment  on  the  specification  for  boiler  material  sug- 
gested by  the  Association  of  American  Steel  ilanufac- 
turers,  some  further  criticisms  of  the  details  of  the  re- 
port and  finally  tlie  formation  of  a  pennanent  organi- 
zation for  the  purpose  of  taking  definite  action  for  the 
introduction  of  the  Code  after  its  acceptance  by  the 
Society,  into  the  legislatures  of  the  various  states.  This 
meeting  was  finally  adjourned  until  Tuesday,  Septem- 
ber 29,  on  which  date  a  general  meeting  of  boiler  man- 
ufacturers was  called  at  Pittsburgh,  Pa.,  for  the  pur- 
pose of  fui'thering  the  work  initiated  here. 

On  September  26,  the  committee  representing  the 
boiler  tube  interests  met  in  second  conference  with  the 
Boiler  Specifications  Committee  and  presented  a  com- 
plete specification  that  is  proposed  for  boiler  tubes, 
both  lap-welded  and  seamless.  Also  a  representative 
of  the  National  Association  of  Master  Steam  and  Hot 
"Water  Fitters  appeared  before  the  committee  and  ex- 
pressed the  approval  of  that  Association  of  the  com- 
mittee's work  and  particularly  the  changes  recom- 
mended by  National  Boiler  and  Radiator  Manufactur- 
ers Association  and  the  American  Society  of  Heating 
and  Ventilating  Engineers.  Following  this,  confer- 
ences were  held  with  representatives  of  the  railroad 
associations  and  the  safety  valve  manufacturers,  both 
of  W'hich  were,  however,  adjourned  to  later  dates  at 
which  specific  recommendations  yet  to  be  formulated, 
will  be  presented. 

APPLICATIONS  FOR  MEMBERSHIP 

Members  are  requested  to  scrutinize  with  the  utmost 
care  the  following  list  of  candidates  who  have  filed 
applications  for  membership  in  the  Society.  These  are 
sub-divided  according  to  the  grades  for  which  their 
age  would  qualify  them  and  not  with  regard  to  pro- 
fessional qualifications,  i.e.,  the  age  of  those  under  the 
first  lieading  would  place  them  under  either  Member, 
Associate  or  Associate-Member,  those  in  the  next  class 
under  Associate-Member  or  Junior,  while  those  in  the 
third  class  are  qualified  for  Junior  grade  only.  The 
Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  assume  their  sliare  of  the  responsibility 
of  receiving  these  candidates  into  the  Membership  by 
advising  the  Secretary  promptly  of  anyone  whose  eli- 
gibility for  membership  is  in  any  way  questioned. 
Members  will  be  furnished  with  complete  records  of 
any  candidate  thus  questioned.  All  correspondence  in 
regard  to  such  matters  is  strictly  confidential  and  is 
solely  for  the  good  of  the  Society,  which  it  is  the  duty 
of  every  member  to  promote.     These  candidates  will 
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be  balloted  upon  by  the  Council  unless  objection  is  re- 
ceived before  October  10,  1914. 

FOR     CONSIDERATION     AS     MEMBER,    ASSOCIATE    OR     ASSOCIATE- 
MEMBER 

Bache-Wiig,  Olai,  Ch.  Engr.  &  Supt.,  Wausau  Sulphate 
Fibre  Co.,  Mosinee,  Wis. 

Bergman,  Julius  G.,  Ch.  Draftsman,  Arizona  Copper  Co., 
Ltd.,  Morenci,  Ariz. 

Blackburn,  Wm.  A.,  Asst.  Genl.  Foreman,  Cadillac  Motor 
Co.,  Detroit,  Mich. 

Blickman,  John  A.,  Asst.  Supt.,  Section  Switchboards  and 
Detail  Apparatus,  Westinghouse  Elec.  &  Mfg.  Co.,  East 
Pittsburgh,  Pa. 

Brooks,  Charles  C,  Asst.  Western  Mgr.,  Mead-Morrison 
Mfg.  Co.,  Chicago,  111. 

Bruce,  James  M.,  Mgr.  of  Salesmen,  Smoking  Tobacco 
Dept.,  American  Tobacco  Co.,  New  York 

Brush,  Alanson  P.,  Cons.  Engr.,  203  Boyer  Bldg.,  Detroit, 
Mich. 

Burt,  George  R.,  Rep.  &  Cons.  Engr.,  American  &  British 
Mfg.  Co.,  Providence,  R.  I. 

Case,  Willard  L.,  Secy.  &  Genl.  Wks.  Mgr.,  The  Salt's  Tex- 
tile Mfg.  Co.,  Bridgeport,  Conn. 

Champion,  Albert,  Genl.  Mgr.  &  Vice-Pres.,  Champion  Ig- 
nition Co.,  Flint,  Mich. 

Davis,  George  C,  Pres.,  G.  M.  Davis  Regulator  Co.,  Chi- 
cago, 111. 

DoBYNE,  Stevenson  A.,  Genl.  Supt.,  Champion  Shoe  Ma- 
chinery Co.,  St.  Louis,  Mo. 

Eastwood,  Everett  0.,  Prof.,  Univ.  of  Washington,  Seattle, 
Wash. 

Foster,  Frank  A.,  Prof,  of  Engrg.  &  Freehand  Drawing, 
Tangshan  Engrg.  College,  Tangshan,  North  China 

Gibson,  Elmer  E.,  Asst.  Supt.,  Jones  Speedometer  Co.,  New 
Rochelle,  N.  Y. 

Harris,  George  E.,  60  Granger  St.,  Buffalo,  N.  Y. 

Johnson,  Wm.  B.,  Meeh.  Engr.,  Acme  Wire  Co.,  New 
Haven,  Conn. 

Luke,  Wm.  A.,  Mgr.,  The  West  Virginia  Pulp  &  Paper  Co., 
Covington,  Va. 

Lynch,  Thomas  M.,  Asst.  Mgr.,  Buena  Vista  Extract  Co., 
Buena  Vista,  Va. 

McCandlish,  Robert  M.,  Pres.,  R.  M.  McCandUsh  Engrg. 
Co.,  Kansas  Citj',  Mo. 

Miller.  D.  W.,  Rep.  Engi-.,  Minneapolis  Steel  &  Mchy.  Co., 
Muineapolis,  Minn. 

MisosTOW,  Henry,  Smoke  Dept.,  City  of  Chicago,  Chicago, 
111. 

Monte,  Robert  A.,  Draftsman,  Regina  Co.,  Rahway,  N.  J. 

Morris.  W.  Cullen,  Engr.  of  Constr.,  Consolidated  Gas  Co. 
of  N.  Y.,  New  York 

Oakes,  Ernest  A.,  Developing  Own  Inventions,  184  W. 
Church  St.,  Seymour,  Conn. 

Oakley,  Clifford  H.,  Pres.,  Essex  Rubber  Co.,  Inc.,  Tren- 
ton, N.  J. 

Pfeffer,  John  E.,  Vice-Pres.,  Continental  Engrg.  Co.,  Chi- 
cago, 111. 

PooK,  C.  H.  0.,  with  Canadian  Westinghouse  Co.,  Ltd., 
Hamilton,  Canada 

Richardson,  Chas.  F.,  Ch.  Mech.  Engr.,  The  Taft-Peirce 
Mfg.  Co.,  Woonsocket,  R.  I. 

Schmitt,  F.  E.,  Assoc.  Editor,  "  Engineering  News,"  New 
York 

Searby,  Wm.,  Supt.,  Hawaiian  Commercial  &  Sugar  Co.'s 
Mills,  Puunene,  T.  H. 

Sloat,  Halbert  M.,  Rep.,  in  Brazil,  American  Locomotive 
Co.,  Rio  de  Janeiro,  Brazil 

Smallbone,  Harry  E.,  Pres.  &  Supt.,  SmaDbone  Mfg.  Co., 
Chicago,  111. 

SuLENTic,  Stanislaus  A.,  Constr.  Engr.,  The  Prairie  Oil  & 
Gas  Co.,  Independence,  Kansas 

Sullivan,  Frank  A.,  Ch.  Draftsman,  Ordnance  Drawing 
Room,  Bethlehem  Steel  Co.,  S.  Bethlehem,  Pa. 


Sykes,  Walter  J.,  Head,  Mech.  Dept.,  Panama  Pacific  In- 
ternational Exposition,  San  Francisco,  Cal. 

Thompson,  Burt  D.,  Foreman,  Mch.  Shop,  National  Twist 
Drill  &  Tool  Co.,  Detroit,  Mich. 

Wainwrxght,  Arthur  V.,  Vice-Pres.  &  Genl.  Mgr.,  Amer- 
ican Public  Service  Co.,  Abilene,  Texas 

Wells,  David  E.,  Mech.  Engr.,  Milliken  Bros.,  Inc.,  Marin- 
ers Harbor,  N.  Y. 

Wilkinson,  Clarence  M.,  Engr.  &  Supt.  of  Constr.  for  M. 
C.  Schwab,  Cons.  Engr.,  New  York 

for  consideration  as  associate-member  or  junior 

Bass,  Willard  J.,  Erecting  Engr.,  Armour  &  Co.,  Chicago, 

lU. 
DeVisser,  John  H.,  Treas.  &  Sales  Engr.,  The  Coon-De- 

Visser  Co.,  Detroit,  Mich. 
Earle,  Frederic  E.,  Pres.  &  Treas.,  P.  E.  Earle  Co.,  New 

Bedford,  Mass. 
Elam,  Arthur  M.,   Charge  of  Drawing,   Columbus   Trade 

School,  Columbus,  Ohio 
Ervin,  John  F.,  Foundry  Expert,  Deere  &  Co.,  Moline,  111. 
Granee,  Adolf,  Production  Engr.,  Eisemann  Magneto  Co., 

Brooklyn,  N.  Y. 
Hardman,  Frederick  J.,  Asst.  Examiner,  U.  S.  Patent  Of- 
fice, Washington,  D.  C. 
Haven,  Kent  C,  Student  Engr.,  H.  H.  Franklin  Mfg.  Co., 

Syracuse,  N.  Y. 
Hoar,  John  C,  Mech.  Engr.,  Shadyside  Plant,  Barrett  Mfg. 

Co.,  New  York 
Illingsworth,  George  C,  So.  Rep.,  Murphy  Iron  Works, 

Detroit,  Mich. 
KozA,  Albert  H.,  Mgr.,  Statistical  Dept.,  Goodyear  Tire  & 

Rubber  Co.,  Akron,  Ohio 
Nibecker,   Karl,  Steam  Engr.,  The  Youngstown   Sheet  & 

Tube  Co.,  Youngstown,  Ohio 
Sonn,    George    P.,    With    Union    Metallic    Cartridge    Co., 

Bridgeport,  Conn. 
Wolfgang,  Wm.  H.,  Designer,  National   Supply  Co.,  To- 
ledo, Ohio 

for  consideration  as  junior 

Beranger,  Joseph  P.,   Ch.  Engr.,  Central  Ansonia  Sugar 

Co.,  San  Domingo,  P.  R. 
Carter,  Clifford  R.,  Asst.  Mgr.,  Standard  Oil  Co.  of  N.  Y., 

Soochow,  China 
Chute,  Stanley  J.,  Asst.  to  Mech.  Engr.,  Pennsylvania  Coal 

&  Coke  Corp.,  New  York 
Cornwell,  Hobart  V.,  Asst.  to  Mech.  Engr.,  Pennsylvania 

Coal  &  Coke  Corp.,  New  York 
Dutcher,  Charles  H.,  Jr.,  Draftsman,  Interborough  Rapid 

Transit  Co.,  New  York 
I'oster,  Robert  J.,  Mech.  Engr.,  Eberhard  Faber  Pencil  Co., 

Brooklyn,  N.  Y. 
Green,  Harold  L.,  Industrial  Engr.,  C.  H.  Scovell  &  Co., 

Boston,  Mass. 
Hill,  Rowland  F.,  Ch.  Draftsman,  The  National  Supply 

Co.,  Toledo,  Ohio 
Hoffman,  Roscoe  C,  Designing  Engr.  &  Ch.  Draftsman, 

Haynes  Automobile  Co.,  Kokomo,  Ind. 
Nigh,  George  W.,  Special  Apprentice,  Rock  Island  &  Pa- 
cific Railroad,  Des  Moines,  Iowa 
Netherwood,  Joseph   S.,  Head  Draftsman,  Motive  Power 

Dept.,  Sunset  Central  Lines,  Houston,  Texas 
Ohmer,  John  F.,  Jr.,  Sales  Dept.,  Ohmer  Fare  Register 

Co.,  Dayton,  Ohio 
Panuska,  Frank  C,  Instr.  of  Industrial  Arts,  Teachers  Col- 
lege, Columbia  Univ.,  New  York 
Platt,  Louis  J.,  Industrial  Gas  Fuel  Rep.,  Public  Service 

Gas  Co.,  Newark,  N.  J. 
Rockwell,  Sherburne  B.,  Asst.  Supt.,  International  Silver 

Co.,  Waterbury,  Conn. 
RoESEN,  Robert  H.,  With  American  Machine  &  Foundry 

Co.,  Brooklyn,  N.  Y. 
Schubart,  Frank  H.,  Engr.,  Wheeler  Condenser  &  Engrg. 

Co.,  Carteret,  N.  J. 
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ScoiT,    Thomas    W.,    Apprentice    Gas    Producer    Erector,  paiiv  and  a  iiicmbtT  of  the  Franklin  Institute,  bv  which 

Smith  Gas  Pwr.  Co    Lexington,  Ohio  it  will  be  awarded.    The  medal  will  be  of  gold  and  the 

rEiiZiAK,  JiARUTYUN  G.,  Cadet  Enj^.,  Gas  Works,  Syracuse  ^,j-        ,x^rr,-,rT^       •       ,              ,            ^ 

Lighting  Co.,  Syracuse,  N.  Y.  accepted  design,  by  K,  lait  AlcKenzie,  shows  a  bust  of 

Waters.  Everett  O.,  Instr.   in   Mch.   Design,  S.S.S.,   Vale  Benjamin  Franklin  on  the  obverse  side,  and  on  the  re- 

Univ.,  New  Haven,  Conn.  verse  side  the  words,  "  Awarded  by  the  Franklin  In- 

Welford,  Percy   G.,  Asst.   to   Wks.   Mgr.,   Canada   Mchv.  i-.    ^.     e      o-        i  -c     •        4.  o       ■       •      o  •           -•     i^  • 

Corp..  Ltd..  Gait,  Ont,  Canada                                      "  stitiite  for  Signal  Eminent  Service  m  Science.        It  is 

the  intention  to  -show  recognition  of  the  total  coiitribu- 

PRO  MOTION   FROM  ASSOCIATE  ,.                e-]--]l4.            •                        ..4.1                   l-i-                £ 

tions  of  individuals  to  science  or  to  the  applications  of 

^^^cus'e",  n'  y""'""'-  ^'•*^t«'°'»'>'  Semet-Solvay  Co.,  Syra-  pjivsical  sci,.nce  to  industry,  rather  than  of  any  single 

invention  or  discovery,  however  important. 

PROMOTION    FROM   JUNIOR 

Baker,  Chari.es  H.,  Meeli.  Engr.,  Public  Service  Elee.  Co.,  KELVIN  MEMORIAL   \WARD 

Newark,  N.  J. 

Hersev,  Mavo  D.,  Asst.  Physicist,  U.  S.  Bureau  of  Stand-  'J"''»^'  Executive  Coiiuuittee  of  the  Institution  of  Civil 

ards,  Washington,  D.  C.  Engineers  lias  under  considei'ation  the  question  of  the 

SUMMARY  disposal  of  the  balance  of  tlie  Kelvin  ^lemorial  Fund, 

New    apphcatioiis 7,5  "ow   in   their  hands.     The  total  sum  received  to  the 

Ai)plications  for  change  of  grading  credit  of  this  fund  amounted  to  £1704,  of  which  £1222 

Promotion   from   Associate 1  j   j   •                   x-           -^i    ^.i      y  i    •     tit           •  i 

Promotion   from   Junior 2  "'^^  expended  m  connection  with  the  Kelvin  Memorial 

Window  placed  in  Westminster  Abbey. 

78  It  has  been  recommended  that  this  balance  of  £481 

THE  FRANKLIN  MEDAL  be  applied  to  the  establishment  of  a  Kelvin  Gold  iledal, 

The  Franklin  Medal,  to  be  awarded  in  recognition  to  be  awarded  triennally  as  a  mark  of  distinction  in 

of  distinguished  achievements  in  science  and  technol-  engineering  work  or  investigation,   along  the  line  of 

ogy,    has    recently    been    founded    by    Samuel    Insull,  IjOid    Kelvin's   own    interests.      The   first   award   will 

president  of  the  Chicago  Commonwealth  Edison  Com-  jnobably  be  made  in  the  spring  of  1915. 


SYMPOSIUM   ON   POWDERED     EUEL 


AT  the  ispriny Meeting,  June,  HJJ-i,  one  Session  icas  devoted  to  a  SijniiKtsiuiii  on  Pulverized 
-LX.  Fuel  at  whieh  three  papers  iverc  presented  upon  different  types  of  plants  using  pulverized 
fuel  apparatus  as  fallou:s:  Piiliurizid  Coal  Burning  in  the  Cement  hidtislnj,  H.  ('.  Carp(  nter.  I'ulver- 
ized  Coal  for  Steam  Making,  F.  R.  Low.  and  An  Installation  for  Powdered  Coal  Fuel  in  Industrial 
Furnaces,  Wm.  Dalton  and  W.  8.  Quigleij.  There  ivas  also  a  topical  discussion  upon  the  construc- 
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The  process  of  buruing  powdered  coal  has  been  de- 
veloped in  but  few  arts  and  only  in  relation  to  certain 
types  of  furnaces.  For  more  than  30  years  various 
schemes  for  biu'ning  powdered  coal  in  boiler  furnaces 
have  been  suggested  and  numerous  patents  have  been 
taken  out  on  various  processes  and  burners,  but  with- 
out any  marked  degree  of  success.  In  the  Portland 
cement  industry  commercial  success  was  attained  more 
than  15  years  ago  as  a  result  of  a  series  of  investiga- 
tions and  experiments.  The  furnace  employed  had 
much  to  do  with  the  practical  success  which  was  finally 
attained,  and  for  that  reason  its  construction  and  mode 
of  operation  will  be  bi'iefly  described.  This  furnace  is 
familiar  to  Portland  cement  engineers,  but  is  not  well 
kno^^^l  in  the  other  arts. 

Portland  cement  is  manufactured  from  a  mixture  of 
materials  containing  lime  and  silica  whieh  are  brought 
together  in  definite  proportions  to  produce  a  chem- 
ical combination.  The  I'aw  material  is  principally  car- 
bonate of  lime,  or  limestone  in  some  form,  and  clay  or 
shale.  The  materials  are  pulverized  raw  and  mixed  in 
proper  proportions.  The  raw  mix  is  introduced  into 
a  kiln  either  in  the  form  of  a  di*y  powder  or  in  a  wet 
and  plastic  condition  where  it  is  subjected  to  an  ex- 
tremely high  temperature  and  in  which  the  required 
chemical  combinations  take  place.  The  material  dis- 
charged from  the  kiln  is  known  as  cement  clinker ;  it 
is  i^ulverized  in  various  forms  of  grinding  mills  and  re- 
duced to  a  powder  so  fine  that  92  parts  or  more  will 
pass  through  a  sieve  having  100  meshes  to  the  linear 
inch.  This  paper  has  to  do  only  with  the  combustion 
process  whieh  takes  place  in  the  kiln.  In  the  earlj' 
days  of  the  art  fixed  kilns  were  employed,  but  at  tlie 
present  time  the  rotary  kiln  is  almost  universally  used. 

THE  ROTARY  KILN 

The  rotary  kiln  in  its  essential  features  was  patented 
by  Siemens  in  1869  and,  in  combination  with  a  gas 
burner  and  other  appliances,  by  Ransome  in  1885.  It 
was  not  found  successful  in  England  for  cement  burn- 
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iug,  but  was  adopted  by  tlie  Atlas  Company  in  Amer- 
ica about  1890  and  was  improved  and  developed  by 
that  comj^any  and  other  American  companies  to  such  a 
degree  that  it  practically  replaced  every  other  method 
of  burning  Portland  cement. 

The  modern  rotary  cement  kiln  consists  of  a  slightly 
inclined  steel  cylinder  mounted  on  rollers  and  ar- 
ranged so  that  it  can  be  revolved.  The  upper  end  is 
connected  to  a  stack  or  chimney  for  the  escape  of  the 
discharge  gases  and  is  ])rovided  with  means  for  sup- 
plying the  raw  cement  material  in  the  form  of  dust 
or  slurry.  At  the  lower  end  of  tlie  cylinder  is  a  sta- 
tionary hood  wliich  performs  the  function  of  affording 
a  discharge  opening  for  the  burned  material  and  which 
also  acts  as  a  support  for  the  fuel  supplying  devices. 
The  rotary  cylinders  are  of  various  dimensions.  The 
tendency  has  been  continually  to  increase  the  size  of 
the  cylinder.  Thus,  for  instance,  in  1890  the  rotary 
kilns  were  in  some  instances  4  ft.  in  external  diameter 
and  40  ft.  in  length.  From  1895  to  1902  the  kiln  di- 
mensions were  quite  generally  6  ft.  in  diameter  and  60 
ft.  long.  At  the  present  time  kilns  10  ft.  in  diameter 
and  150  to  200  ft.  long  are  common.  The  Atlas  plant 
at  Hudson  is  equipped  with  kilns  12  ft.  in  diameter  and 
232  ft.  long.  In  most  of  the  late  installations  the  kilns 
are  true  cylinders  having  the  same  diameter  at  top  and 
bottom,  but  in  many  plants  kilns  are  to  be  found  with 
the  diameter  at  the  top  about  one  foot  less  than  at  the 
bottom,  the  two  parts  being  connected  by  a  tapered 
section. 

The  rotary  kiln  is  lined  throughout  with  a  fire-brick 
lining,  except  in  rare  eases  where  a  very  wet  slurry  is 
employed,  in  which  case  the  lining  for  a  short  distance 
from  the  upper  end  is  omitted.  The  temperatures  re- 
quired in  the  combustion  chamber  for  burning  cement 
clinker  are  from  2800  to  3000  deg.  fahr.  To  with-stand 
the  high  temperature,  a  lining  having  higli  refractory- 
qualities  must  be  employed.  It  must  also  have  the 
quality  of  withstanding  decomposition  by  the  chem- 
ical action  taking  place  in  the  kiln.  The  problem  of 
kiln  linings  is  a  very  serious  one  since  no  lining  has 
been  found  that  will  stand  for  a  great  length  of  time 
under  the  conditions  of  operation.  The  lower  part 
especially  has  to  be  repaired  frequently  unless  the  con- 
ditions are  uni;sually  favorable.  The  kiln  is  operated 
so  as  to  keep  the  lining  coated  with  the  cement  mix- 
ture for  the  purpose  of  protection.     The  lining  prob- 
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lem,  except  as  it  bears  on  the  combustion  of  powdered 
fuel,  has  no  place  in  this  paper  and  will  not  be  dis- 
cussed further. 

A  diagram  of  a  cement  kiln  in  elevation  and  plan 
is  shown  in  Fig.  1.  This  diagram  shows  the  general 
features  and  the  arrangement  of  the  various  operating 
parts  with  refei-ence  to  each  other.  In  the  diagi'am  the 
rotarj'  kiln  is  shown  at  C,  the  flue  for  discharge  gases 
at  B,  the  supporting  rolls  at  DD,  the  stationarj'  hood 
at  the  lower  end  at  E,  the  rotary  clinker  cooler  at  G, 
the  clinker  pit  at  F,  the  blower  for  supplying  com- 
pressed air  at  H,  the  coal  bin  at  K,  the  feeding  injector 


employed  successfully,  but  due  to  the  increasing  cost 
after  1895  its  use  was  very  expensive.  From  1897  to 
1900,  the  increase  in  price  was  such  as  to  make  the  use 
of  oil  nearly  prohibitive  from  a  commercial  standpoint, 
and  was  the  principal  incentive  for  developing  the  use 
of  pulverized  coal. 

In  1894,  a  series  of  experiments  relating  to  tlie  use 
of  pulverized  coal  were  started  by  the  Atlas  Company, 
in  charge  of  Messrs.  Hurry  &  Seaman,  chief  engineer 
and  superintendent  respectively.  These  experiments 
led  to  many  discoveries,  the  invention  of  various  parts, 
and  finally  to  the  commercial  development  of  the  art. 


^Sfes> 


Kiln  Installation,  8  ft.  by  145  Ft. 


for  coal  dust  at  J,  the  conveyor  for  delivering  coal  to 
the  fuel  tank  at  L,  the  dust  bin  for  raw  material  at  A, 
and  the  kiln  stack  at  S.  The  hood  E  is  usually  mounted 
on  roUs  so  as  to  be  easily  moved  for  repairing  of  the 
kiln.  It  is  customary  to  supply  a  separate  stack  for 
each  kiln,  although  in  some  cases  one  stack  receives  the 
discharge  from  two  kilns.  In  a  large  installation  it  is 
customary  also  to  supply  the  air  for  several  burners 
with  one  blower.  In  the  installation  shown  in  Fig.  1 
the  blower  draws  in  air  which  has  been  warmed  by 
passing  through  a  rotary  clinker  cooler. 

DEVELOPMENT   OP  THE   BURNING   PROCESS 

During  the  early  years  of  the  Portland  cement  in- 
dustry in  this  countrj',  oil  was  employed  as  a  fuel. 
This  was  sprayed  into  the  lower  end  of  the  furnace 
with  a  jet  of  compressed  air  or  steam.     The  oil  was 


Hun-y  &  Seaman  are  entitled  to  the  credit  of  the  first 
successful  use  of  powdered  coal  in  the  cement  industry. 
This  use  was  begun  in  1895  by  the  Atlas  Company  and 
has  never  been  discontinued.  Other  engineers  along  in- 
dejicndent  lines  worked  out  the  problem  a  few  years 
later  although  possibly  receiving  some  assistance  from 
information  disseminated  throughout  the  industry  re- 
lating to  the  results  obtained  by  Hurry  &  Seaman. 
It  may  be  stated  that  at  the  particular  date  referred  to, 
every  mill  in  the  industry  jealously  guarded  every  de- 
tail of  manufacture  as  a  valuable  trade  secret,  conse- 
quently little  or  no  direct  information  as  to  details  of 
process  or  machinery  employed  was  common  in  the  dif- 
ferent mills.  The  information  which  leaked  out  at  that 
time  respecting  details  of  operation  or  machinery  was 
generally  inaccurate  and  based  on  speculation  or 
rumors.    The  success  of  the  process  of  burning  pulver- 
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ized  coal  in  the  Atlas  plant  was  not  generally  known  in 
other  mills  until  about  1900  when  the  process  was  put 
in  successful  operation  in  various  plants  by  independ- 
ent investigators. 

The  art  as  at  pi-esent  developed  consists  of  a  process 
for  delivering  to  the  kiln  the  powdered  fuel  or  fuel 
dust  by  a  jet  of  air  which  impinges  on  the  fuel  dust  in 
some  type  of  injector  with  force  enough  to  discharge 
the  dust  into  the  kiln.  The  process,  with  details  of 
mechanism,  is  illustrated  in  Fig.  1  in  relation  to  a  kiln. 
Fig.  2  gives  an  idea  of  the  character  of  the  combus- 
tion which  takes  place  in  the  burning  of  pulverized 


indicated  by  Fig.  2.  The  length  of  the  tiarae  in  actual 
kiln  constructions  is  generally  from  25  to  40  ft.,  al- 
though this  is  affected  by  conditions.  The  diameter  of 
the  flame  in  some  places  may  very  nearly  equal  that  of 
the  combustion  chamber.  Under  best  conditions  of 
burning  the  fiame  does  not  perceptibly  impinge  against 
tlie  sides  of  walls  of  the  kiln,  and  tlie  heat  utilized  is 
practically  all  given  off  by  radiation. 

THE  POWDERED  FUEL  PROBLEM 

The  problem  is  one  of  combustion  under  peculiar 
conditions.    The  burning  of  pulverized  coal  differs  from 


fuel.^  The  compressed  air  may  be  obtained  from  a  fan 
or  compressor  as  may  be  more  convenient ;  the  diagrams 
indicate  both  schemes. 

The  injector  varies  greatly  in  different  constructions 
but  it  performs  the  function  of  injecting  the  coal  dust 
into  the  kiln  by  a  jet  of  air  and  it  does  not  handle  suf- 
ficient air  for  combustion.  The  additional  air  needed 
for  combustion  enters  the  kiln  principally  through 
openings  in  the  hood  and  througli  tlie  discharge  duct 
for  clinker.  Such  openings  are  shown  in  Fig.  2  by 
arrows  at  points  marked  a.  The  amount  of  air  sup- 
plied by  the  compressors  or  fans  sliould  he  sufficient 
merely  to  carry  the  dust  into  the  kiln  without  produc- 
ing an  explosive  mixture.  The  fuel  dust  enters  the 
combustion  chamber  of  the  kiln  in  the  form  of  a  black 
cloud  and  bums  in  the  form  of  an  elongated  torch,  as 


Supplied  by  Duncan  &  LHincan. 


the  burning  of  solid  fuel,  from  a  theoretical  stand'point, 
principally  in  one  particular.  In  the  combustion  of 
coal  of  commercial  sizes  lying  on  the  grate,  the  air  for 
combustion  passes  between  the  pieces  of  coal  and  the- 
products  of  combustion  pass  off  in  the  flues.  Coal  diist 
does  not  burn  under  such  conditions,  as  the  particles 
are  so  fine  that  sufficient  air  for  combustion  does  not 
reach  the  coal  through  the  crevices  between  the  par- 
ticles. To  burn  powdered  coal  successfully,  it  must  be 
liurned  while  in  suspension  in  the  air.  In  such  a  posi- 
tion each  particle  is  surrounded  by  air  which  supports 
the  combustion.  The  form  of  the  furnace  used  in  the 
Portland  cement  art  is  favorable  for  combustion  in  sus- 
pension since  it  is  very  long  and  affords  plenty  of  room 
for  such  combustion. 

Contact  of  the  particles  of  coal  dust  with  other  bodies 
results  generally  in  the  lowering  of  temperature  to  suchi 
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an  extent  as  to  make  combustion  impossible.  The  re- 
sult is  the  virtual  loss  of  any  fuel  wliieh  falls  down 
onto  the  lining  or  onto  the  clinker.  The  time  of  com- 
bustion is  evidently  increased  as  the  size  of  the  dust 
particle  is  increased,  from  which  it  follows  that  tiie 
finer  the  grinding,  everything  else  being  equal,  the 
quicker  and  more  perfect  the  combustion. 

In  the  early  days  of  the  development  of  the  process 
of  coal  burning,  ignorance  of  the  necessity  of  fine  grind- 
ing was  the  cause  of  many  failures  in  burning  coal 
dust.    In  the  cement  industry  special  devices  for  regu- 
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Fig.  2     Diagrams  of  Burner  and  Kiln  for  Powdkked  Fukl 


quires  the  burning  of  the  coal  while  in  suspension  and 
the  utilization  of  the  radiant  heat  of  combustion  with- 
out substantial  impingement  of  the  flame.  The  failure 
to  recognize  such  requirements  is,  in  my  opinion,  in  a 
large  measure  responsible  for  the  practical  failure  of 
tiie  burning  of  pulverized  fuel  in  boiler  furnaces,  al- 
though such  furnaces,  because  of  form  and  proportion, 
make  difficult  the  problem  of  burning  coal  dust  in  sus- 
pension. In  practically  all  of  the  devices  which  have 
been  tried  under  boilers  the  coal  dust  has  impigned  on 
bridge  wall  or  sides  of  the  funiace  or  on  portions  of  the 
boiler  before  the  combustion  could  be  completed,  re- 
sulting in  waste,  lack  of  capacity,  and  destruction  of 
fire-box  and  fire-brick  linings  and  other  portions  on 
which  the  flaiiie  impinged. 

FUEL 

The  fuel  available  for  burning  in  Portland  cement 
kilns  can  have  a  wide  range  of  quality.  The  best  bi- 
luminous  coals  are  prefei-able,  but  those  of  quite  poor 
(|uality  are  in  successful  use.  I  have  known  of  the 
successful  use  of  anthracite  coal  but  it  is  difficult  to 
pulverize  and  needs  a  high  temperature  for  combus- 
tion. 

The  fuel  used  in  the  Eastern  portions  of  the  country 
is  generallv  obtained  in  the  bituminous  mines  of  Penii- 
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lating  the  supply  of  air  for 
injecting  the  fuel  are  sup- 
lilied,  but  no  special  control- 
ling apparatus  is  supplied 
for  the  air  which  enters  the 
kiln  tlirough  the  v  a  r  i  o  u  s 
openings  around  the  hood.  It 
would  be  difficult  indeed  to 
control  the  admission  of  such 
air.  By  increasing  the  fuel 
charge,  it  is  possible  to  bring 
the  air  su])ply  down  to  near- 
ly theoretical,  or  to  any  rela- 
tive j)roportion  desired.  I 
have  found  from  tests  in  the 
cement  art  that  best  results 
are  obtained  when  there  is  a 
slight  deficiency  ratlier  than 
an  excess  of  air.  This  is  de- 
noted by  a  short  carbon  monoxide  flame  at  the  base  of 
the  stack  and  also  by  analysis  of  the  escaping  gases. 

NoveUij  of  the  process.  Patents  taken  out  many 
yeai'S  ago  for  the  burning  of  powdered  coal  under 
boilers  and  in  various  arts  show  various  kinds  of  pul- 
verizers and  feeding  devices,  and  also  the  idea  of  de- 
livering powdered  coal  into  the  furnace  by  a  jet  of  air 
or  steam.  Crampton  suggc^sted  a  pulverized  coal  flame 
for  use  in  his  type  of  rotary  Portland  cement  furnace. 
No  one,  however,  previous  to  Hurry  &  Seaman,  seems 
to  have  eomproheuded  the  necessary  underlying  prin- 
ciple for  successfully  burning  pulverized  coal  which  re- 
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sylvania,  Maryland,  Virginia  or  West  Virginia.  The 
coal  employed  in  mills  in  the  Western  part  of  the  coun- 
try is  fz'equently  that  most  convenient  to  the  plant  and 
the  cheapest  in  price  on  the  heat  nuit  basis. 

Before  the  coal  can  be  ground  it  is  ueeessarj'  that  it 
be  dried  so  that  the  moisture  content  will  be  less  than 
1  per  cent,  as  the  water  in  coal  seriouslj'  affects  the 
operation  of  pulverizing.  It  also  has  a  detrimental 
effect  on  feeding  and  on  the  capacit.y  of  the  kiln.  The 
effect  of  the  moisture,  however,  depends  upon  the  kind 
of  coal,  so  that  no  limit  can  be  definitely  stated  as  essen- 
tial to  success  in  advance  of  a  trial. 
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Capacitjj  and  Efficiency.  The  weight  of  pulverized 
coal  required  per  barrel  varies  somewhat  with  the  char- 
acter of  the  kiln  and  the  character  of  the  process.  In 
the  dry  process  of  manufacture  the  weight  of  fuel  per 
barrel  varies  from  about  22  to  26  per  cent  of  the  weight 
of  cement  produced,  i.e.,  from  83  to  100  lb.  of  coal  per 
bbl.  In  the  wet  process  the  coal  varies  from  about  35 
to  .")0  per  cent  of  the  finished  product,  i.e.,  from  133  to 
190  lb.  of  coal  per  bbl.  The  theoretical  amount  of  coal 
required,  neglecting  the  heat  due  to  the  fonnation  of 
silicates  of  lime  and  alumina,  is  pi'obably  not  far  from 
30  lb.  per  bbl.,  provided  10,000  B.t.u.  per  lb.  of  coal 
is  utilized.  The  continuous  stationary  kilns  are  re- 
ported as  consuming  12  to  16  per  cent  of  fuel  or  from 
45  to  60  lb.  per  bbl.  of  cement. 

The  capacity,  in  barrels  per  24  hours,  of  the  modern 


Kichard  K.  ileade,  in  his  book  on  Portland  cement, 
makes  the  following  theoretical  calculations  as  to  the 
heat  necessary  per  100  lb.  of  raw  material. 

Heal  required  B.t.u. 

Decompos-itioii  of  7.5  lb.  CaCO^  =  75 X784  =  58,800 
Decomposition  of    4  1b.  MgC03=  4X384=   1,.536 


60,336 
Heat  supplied 

Burning  of  0.3  lb.  sulphur  =0.3  X     4,050    =    1,2L-. 
Burning  of  0.8  lb.  carbon  =0.8X   14,540    =11,632  12,847 


Balance  to  be  supplied  by  fuel '.  .  .   47,489 

About  600  lb.  of  raw  material  are  needed  per  bbl.  so 
that  the  total  heat  per  barrel  required  would  be  284,934 
B.t.u.,  neglecting  the  effect  of  the  silicates.  The  com- 
bination of  the  silicates  and  lime  gives  off  heat.     This 
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kiln  when  operating  on  dry  material  with  flue  gases 
about  1000  deg.  fahr..  can  be  approximately  expressed 
bj'  the  following  formula 

C  =  O.ID'L 
v.here 

C  =  capacity  in  24  hours  in  bbl.  of  380  lb. 

D  =^  outside  diameter  in  ft. 

L  =  leiigtli  in  ft. 
The  economy  of  the  kiln  has  been  increased  by  in- 
creasing its  length,  probably  due  in  part  to  a  change 
in  the  process  of  burning  whereby  the  CO.  is  driven  off 
from  the  material  before  it  reaches  the  combustion  zone 
in  the  kiln,  and  in  part  to  a  reduction  in  losses.  The 
saving  due  to  the  use  of  the  150-ft.  kiln  in  place  of  the 
60-ft.  kiln  has  exceeded  20  per  cent  in  fuel  and  in  ad- 
dition has  cut  down  the  labor  required  in  operation 
more  than  one-half.  Kilns  can  be  operated  with  a  stack 
temperature  less  than  1000  deg.  fahr,  but  in  that  event 
the  capacity  is  lessened  and  the  result  is  generally  an 
increase  I'ather  than  a  decrea.se  in  cost. 


amount  is  in  doubt  as  the  exact  resulting  composition 
of  the  silicates  is  not  known.  A  certain  combination 
might  produce  44,700  B.t.u.  per  100  lb.  of  raw  material, 
which  is  hardly  possible  as  it  would  reduce  the  the- 
oretical heat  to  be  .supplied  to  2789  B.t.u.  per  100  lb. 
raw  material,  or  to  16,734  B.t.u.  per  bbl.  of  cement. 

The  principal  cause  of  lack  of  economy  in  the  rotaiy 
kiln  appears  to  be  due  to  excessive  flue  loss.  Dr.  Jo- 
seph W.  Richards  ^  has  reported  the  following  distri- 
bution of  heat  losses  in  a  6  x  60  kiln : 

36  per  cent  excess  air  in  chimney  gases 

36.1  per  cent  necessary  products  of  combustion 

10.7  per  cent  in  hot  clinker 

12.8  per  cent  in  radiation  and  convection 

The  above  investigation  indicates  about  72  per  cent  flue 
loss  of  which  about  one-half  is  due  to  poor  operation 
and  is  preventable. 

In  order  to  utilize  the  waste  heat  in  the  stack,  I  ar- 
ranged in  the  Cayuga  Lake  plant  to  pass  the  discharge 
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gases  of  two  kilns  through  a  boiler  and  an  economizer, 
the  draft  being  maintained  bj'  a  fan.  1  also  arranged 
to  heat  the  air  entering  the  kilns  by  drawing  it  through 
the  hot  clinker  discharged  from  the  kilns.  The  kilns 
were  60  ft.  in  length  and  7.5  ft.  in  diameter  at  the  lower 
and  ti.5  ft.  at  tiie  upper  end.  A  very  complete  test 
was  made  by  .1.  W.  Prince,  M.E.,  under  my  general 
directions,  of  which  the  results  are  shown  in  Table  1. 

From  tiiese  data  Table  2  has  b(!en  computed  showing 
the  approximate  distribution  of  heat  throughout  the 
proce.ss. 

This  investigation  siiowed  that  about  50  per  cent  of 
the  heat   was  discharged  into  the  stack   and  of  that 


good  condition.  1  am  satisfied,  however,  that  such  dif- 
ficulties are  not  so  serious  as  to  prevent  a  good  return 
on  the  investment.  It  is  doubtful  if  the  difficulties  are 
more  serious  than  have  been  overcome  in  the  steel  in- 
dustry. 

yiuce  1902  the  present  methods  of  burning  Portland 
cement  have  been  in  successful  use,  and  without  fur- 
ther reference  to  prior  methods  I  will  give  a  brief  de- 
scription of  the  machines  employed,  without  going  into 
minute  details,  so  that  they  can  be  made  a  permanent 
part  of  the  records  of  the  Society.  The  operations  re- 
quired for  burning  pulverized  coal  consist  in  (a)  dry- 
ing, (6)  pulverizing,  (c)  conveying,  {d)  storage,  and 


Fig.  5     Section  of  Tube  Mill 


amount  about  68  per  cent  could  be  utilized  in  a  boiler 
and  economizer  so  that  the  ultimate  flue  loss  was  re- 
duced to  about  17  per  cent  of  the  fuel. 

In  the  cement  industry  very  few  attempts  have  been 
made  to  utilize  the  heat  of  the  escaping  gases.  So  far 
as  I  know,  the  only  successful  installation  of  that  kind 
is  that  in  the  plant  at  Kosmosdale,  Kentucky.  The  rea- 
son why  the  waste  heat  has  not  been  utilized  to  a 
greater  extent  is  no  doubt  due  to  the  difficulties  of 
arranging  and  maintaining  the  waste  heat  boilers  in 

TABLE   1      DATA  TWO  KILNS,  EACH  7'j  AND  G!«  x  60 

Coal  consumed  per  hour,  lb 1888 

Clinker  spopifie  heat 0.2 

Clinker  produced  per  hour  (CaO=62  per  cent),  lb 8018 

Weight  CaCO.i  per  hour,  computed,  lb 8875 

Moi.sture  in  raw  material,  per  cent 3.1 

Weight  CO2  per  hour  from  material,  lb 3660 

Weight  of  air  .supplied  per  lb.  of  coal,  44  per  cent  exces.?,  lb.     16. 1 

Total  weight  of  air  .supplied  per  hour,  lb 32397 

Weight  of  air  supplied  by  coal  feeders  per  hour,  lb 5850 

Total  weight  of  gases  discharged  per  hour,  lb 37749 

Heat  discharged  per  lb.  of  gas,  0.23  (1800—100),  B.t.u 391 

Area  of  outside  of  kiln,  sq,  ft 1213 

Area  of  hood  exposed,  sq,  ft 76 

Air  entering  kilns,  deg.  fahr 480 

Air  leaving  kilns,  deg.  fahr 1820 

Air  leaving  boiler,  deg.  fahr 660 

Air  leaving  economizer,  deg.  fahr ■. .  .       450 

Temp,  of  kiln  by  optical  pyromcler,  lower  third,  deg, 

fahr 2350  to  2960 

Temp,  of  kiln  by  optical  pyrometer,  upper  part,  deg. 

fahr 2960  to  1800 


Fig.  6    Sectionax,  View  of  Atlas  Burner 

(()  feeding.  All  these  operations  are  provided  with 
special  machines  and  will  be  discussed  later  in  the 
paper. 

DRYING 

Previous  to  drying,  the  coal  is  crushed  by  passing 
through  rolls  plain  or  toothed,  or  through  crushers,  to 

TABLE  2     APPROXIMATE  DISTRIBUTION  OF  HEAT 

B.t.u.     Per  cent 

Heat  entering  kilns  from  clinker  cooler 2,041,000 

Heat  entering  kilns  from  comb,  of  coal 26,450,000 

Heat  produced  from  chemical  reactions 632,206 

Total  heat  supplied 29,123,206  100 

Discharged  from  kiln  to  boiler 14,859,859  51 .2 

Discharged  with  clinker  (8018X2X500) 4,409,540  15. 1 

CaCOs  decomposed  (8875  lb.  at  765) 6,789,375  23.3 

126  lb.  sulphuric  anhydride  liberated 238,140  0.8 

252  lb.  water  evaporated 303,200  1.0 

Radiation  and  unaccounted  for 2,523,092  8.6 

Radiation  per  sq.  ft.  of  surface  of  kiln  per  hour.  974 

Heat  absorbed  by  boiler  from  kiln  gases 8,798,328  30 . 5 

Heat  absorbed  by  economizer  from  kiln  gases.     1,178,998  4.0 

Stack  loss  and  boiler  radiation 4,882,.533  16.7 
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break  up  the  large  pieces.  For  the  purpose  of  drying, 
rotary  cylinders  of  the  general  character  illustrated  in 
Pig.  3,  are  generally  employed,  provided  with  an  ex- 
ternal furnace.  The  rotary  cylinder  of  the  dryer  is 
frequently  subdivided  by  partitions,  or  else  provided 
with  Z-bars,  which  raise  the  coal  upward  as  the  cylin- 
der revolves  and  bring  it  into  better  contact  with  the 
heat  and  gases. 

In  some  of  the  coal  di-yers,  as  Fig.  4,  which  is  a  dryer 
constructed  by  the  Vulcan  Iron  Works,  the  discharge 
gases  from  the  external  furnace  are  arranged  to  pass 
through  tlie  dryer. 

The  coal  to  be  dried  is  fed  into  the  upper  end  of  the 
cylinder  C,  through  the  hopper  E,  or  other  convenient 
means,  and  is  discharged  through  the  stationary  hood 
H,  at  the  lower  end  of  the  cylinder.  An  external  fur- 
nace is  located  at  AA,  from  which  the  hot  gases  pass 
to  the  rotating  cylinder  C,  through  the  stationary  hood 
//.  Tliere  is  a  by-pass  at  P,  by  which  the  gases  can  be 
made  to  pass  from  the  furnaces  directly  into  the  stack 
D,  without  having  to  pass  througli  the  rotating  cylin- 
der C. 

The  dried  coal  is  usually  discharged  into  suitable 
conveyors  and  immediately  removed  to  bins  over  the 
pulverizing  machines.     This  adds  to  the  efficiency  and 


Fig. 


Low-Pressure  Burner 


capacity  of  the  dryer  but  also  increases  somewhat  the 
danger  of  conflagration  while  in  the  dryer.  This  dan- 
ger is  slight ;  however,  in  practice  and  with  good  con- 
struction it  is  quite  certain  not  to  result  in  serious  dam- 
age, and  can  always  be  obviated  by  care  so  that  the 
practice  is  not  open  to  serious  criticism. 

The  coal  dryer  is  frequently  provided  with  a  stack 
to  remove  the  dust.  The  size  of  the  dryer  is  usually 
selected  with  reference  to  the  maximum  amount  of 
moisture  to  be  removed.  Large  plants  usually  have 
from  two  to  three  dryers,  of  sizes  varying  from  4  by  40 
ft.  to  6  by  60  ft. 

Various  other  types  of  dryers  of  special  design  and 
considerable  merit  are  employed  in  some  plants  but 
they  can  liardly  be  considered  in  a  paper  of  this  general 
character. 

The  waste  heat  of  the  plant  is  available  for  use  in 
dryers,  but  the  amount  of  heat  needed  for  the  coal  dry- 
ing is  so  small  as  to  make  the  installation  of  the  waste 


heat  equipment  usually  a  poor  investment.  This  state- 
ment may  not  apply  to  other  dryers  of  the  plant  re- 
quiring a  greater  expenditure  of  heat. 

THE  PULVERIZING  MACHINERY 

The  coal,  if  delivered  in  large  lumps,  is  broken  into 
small  pieces  by  passing  through  plain  or  corrugated 
rolls  or  crushers,  before  entering  the  dryer.  This  ma- 
chinei-y  will  not  be  described  here  as  it  is  commonly 
used  for  such  purposes  in  all  arts. 

The  pulverized  coal  must  finally  have  a  fineness  so 
that  not  less  than  92  per  cent  will  pass  a  sieve  of  100 
meshes  to'  the  lineal  inch,  in  order  to  pass  the  usual 


Fig.  8     40-Ft.  by  60-Ft.  Coal  Mill,  Machinery  Plan 

standard  requirements.  It  is  desirable  to  have  the  coal 
still  finer.  The  pulverizing  machinery  employed  is 
adapted  to  two  systems  of  dust  burning.  In  the  first 
system  the  pulverizer  is  arranged  so  as  to  deliver  its 
product  directly  into  the  kiln  without  intermediate 
storage,  and  has  a  capacity  of  supplying  one  kiln.  In 
the  second  system  the  pulverizers  have  large  capacity 
and  are  arranged  so  that  the  pulverized  coal  is  stored 
for  a  short  time  before  being  fed  into  the  kiln.  The 
first  type  of  pulverizer  is  used  only  to  a  small  extent 
at  the  present  time.  The  second  type  is  used  almost 
exclusively  in  the  various  cement  kilns. 

The  Aero  Pulverizer,  which  is  of  the  fii'St  type,  is 
employed  in  certain  mills  of  the  Universal  Portland 
Cement  Company,  and  consists  essentially  of  a  hori- 
zontal shaft  revolving  at  high  speed  which  carries  beat- 
ers or  revolving  arms  througliout  a  greater  portion  of 
its  length  and  fan  blades  near  the  discharge  end. 
Wlien  it  has  been  sufficiently  pulverized  to  be  handled 
by  the  blast  produced  by  tlie  fans,  it  is  delivered 
through  an  inlet  pipe  which  leads  directly  to  the  kiln. 
The  capacity  is  controlled  by  suitable  dampers  in  the 
supply  pipe.  I  am  informed  by  the  president  of  the 
Universal  Portland  Cement  Company,  Mr.  Hagar,  that 
his  recently  constructed  mill  is  equipped  with  coal  pul- 
verizing apparatus  with  intermediate  storage  between 
the  mill  and  tlie  kiln. 
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Tlie  pulvt'i-izing  mac-liiiies  mostly  used  iu  the  Port- 
land cement  industry  for  the  purpose  of  pulverizing 
coal  are  the  Gritfin  mill,  the  tube  mill  and  the  Fuller- 
Lehigli  mill.  Tliese  are  all  fine  grinding  mills  and  are 
not  adapted  to  receive  large  pieces  of  coal. 

In  tile  Gi'itifin  mill  grinding  is  perfonned  bj'  a  roll 
attached  to  the  end  of  a  vertical  shaft,  which  is  sus- 
pended by  gimbal  joints  from  a  horizontal  driving 
pulley.  Tile  grinding  roll  comes  in  contact  with  the 
interior  surface  of  a  ring  of  hard  steel  by  which  means 
the  grinding  is  accomplished.  The  grinding  roll,  how- 
ever, has  a  swinging  gyratory  motion  and  is  not  uni- 
fonnly  in  contact  against  the  ring.  The  pulverizing 
is  thei-efore  accomplished  pai'tly  by  the  force  of  impact 
and  partly  by  a  rulibing  motion. 


Fig.  9    40-Ft.  by  60-Ft.  Coal  Mill,  Drykr  and  Mill  Elevation 

The  bottom  of  the  grinding  roll  carries  projections 
which  continually  throw  the  coarse  particles  to  be 
ground  from  the  bottom  of  the  mill  uj)  against  the  in- 
ternal surface  of  the  ring,  where  it  is  pulverized.  The 
ground  material  is  tlien  tlu'own  upward  and  outward 
by  fan  blades  attached  to  the  shaft  wliicli  supports  the 
grinding  roll,  causing  the  material  to  impinge  against 
i'  sci'een  which  allows  the  fine  particles  to  pass  through, 
but  i)reventing  the  escape  of  the  eoar.ser  particles. 

The  (iriffin  mill  is  a  very  effective  grinding  machine 
and  is  economical  in  tlie  use  of  power.  It  is  objection- 
able principally  because  of  the  dust  which  it  produces. 
It  has  a  capacity  of  pulverizing  to  a  fineness  of  over  90 
per  cent  througli  a  sieve  with  100  meshes  to  the  lineal 
inch,  as  follows,  for  tlie  two  sizes  of  mill  which  have 
been  made  : 


30-in.  mill,  2  ton.s  per  hour 35  h.p. 

40-in.  mill,  4  tons  per  h(;Ur 65  h.p. 

The  30-iu.  Griffin  mill  is  in  extensive  use  but  is  no  lon- 
ger manufactured. 

The  tube  mill  is  extensively  used  for  grinding  coal, 
also  for  gi-inding  rock  and  finished  material  in  cement 
mills,  and  is  constructed  bj'  several  manufacturers.  It 
consists  essentially  of  a  large  cylinder  mounted  on  hol- 
low trunnions  at  the  ends,  a  section  of  which  is  showTi  in 
Fig.  4.  The  cylinders  vary  in  diameter  from  4  to  6  ft. 
and  have  a  length  varying  from  22  to  30  ft.  The  ma- 
terial to  be  pulverized  is  fed  tli rough  a  hollow  trunnion 
at  one  end  and  is  discharged  at  the  opposite  end.  The 
cylinder  is  filled  about  40  per  cent  full  with  hard  silie- 
ious  pebbles  usually  somewhat  elliptical  in  form  and 
having  diameters  not  greatly  different  from  2  in.  The 
mill  is  lined  with  some  tough  materials  which  can  be 
readily  replaced,  such  as  silica  blocks  or  plates  of  steel. 


^^A:^!i 


Fig.  10    40-Ft.  by  60-Ft.  Coal  Mill,  Elevatiox  showing 
FcLLER  Mills 

The  rotation  of  tlie  cylinder  lifts  the  load  of  pebbles 
and  material  being  pulverized  and  causes  the  pebbles 
to  roll  and  slide  over  the  material  to  be  ground  as  it 
passes  through  the  mill.  The  result  is  an  extremely 
fine  product.  The  50-in.  tube  mill  22  ft.  in  length  has 
a  capacity  of  about  4  tons  of  coal  per  hour  and  requires 
about  75  h.p.  The  tube  mill  is  practically  dustless  and 
is  noiseless.  But  it  requires  very  dry  coal  to  be  suc- 
cessful. 

The  Fuller  mill  is  probably  the  most  extensively  used 
of  any  grinding  mill  for  coal  in  the  Portland  cement 
industry  in  this  country.  This  mill  is  a  comparatively 
new-  one  and  is  manufactured  by  the  Lehigh  Car  Wheel 
iV  Axle  Works,  at  Fullerton,  Pa.  In  tliis  mill  the  pul- 
verizing element  consists  of  foiu-  steel  balls  which  roU 
in  a  stationary  horizontal  concave-shaped  grinding 
ring.     The  four  balls  are  propelled  around  the  inside 
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of  the  grindiug  ring  by  means  of  four  pushers.  Di- 
rectly above  the  pulverizing  zone  is  a  separating  cham- 
ber whicli  is  completely  encircled  by  a  screen  of  woven 
wire  cloth.  The  material  is  thrown  against  the  screen 
by  a  fan  keyed  direct  to  the  main  shaft  and  revolving 
witli  it.  Outside  of  the  screen  and  separated  from  it 
by  several  inches  of  space  is  an  outside  easing  through 
which  all  the  finished  material  passes.  There  is  also  an 
exhaust  fan  beneath  the  pulverizing  zone  which  in- 
duces a  discharge  through  the  screen  and  also  tends  to 
facilitate  the  discharge  of  the  ground  material.  The 
material  to  be  pulverized  is  fed  from  a  hopper  at  the 
top  of  the  mill  by  special  feeding  mechanism  to  the 
pulverizing  zone.  The  mill  is  driven  by  means  of  a 
pulley  or  gears  attached  to  the  main  shaft  below  the 
pulverizing  zone. 

The  Fuller  mill  is  constructed  in  two  sizes,  33  in.  and 
42  in.  The  capacity  of  the  33-in.  mill  is  given  as  2  to 
2.5  tons  per  hour  for  an  expenditure  of  from  30  to  35 
h.p.,  and  of  the  42-in.  mill  as  4  to  6  tons  per  hour  with 
an  expenditure  of  45  to  50  h.p. 

In  addition  to  the  pulverizing  mill  described  in  this 
paper,  other  mills  are  employed  to  a  limited  extent. 
The  Atlas  Portland  Cement  Company  employ  Hunt- 
ington mills  for  coal  grinding  which  they  manufacture 
in  their  own  shops.  The  Huntington  mill  is  in  struc- 
ture much  like  the  Griffin  mill  but  it  is  provided  with 
three  pulverizing  rolls  instead  of  one. 

CONVEYING  MACHINERY 

I  shall  make  no  attempt  to  describe  the  conveying 
machinery  employed  in  modern  cement  mills  for  con- 
veying the  coal  to  the  various  parts  of  the  mill.  This 
machinery  differs  greatly  in  the  different  mills.  In  the 
great  majority  of  mills  screw  conveyors  are  employed 
for  moving  the  coal  horizontally  and  bucket  and  chain 
elevators  encased  in  dust-proof  housings  of  steel  for 
moving  it  vertically.  In  other  mills  belt  conveyors  and 
pan  conveyoris  are  used. 

The  requisite  for  safe  conveying  is  the  prevention 
of  an  explosive  mixture  of  pulverized  coal  and  air. 
Neglect  of  this  precaution  has  caused  the  loss  of  many 
lives  and  the  destruction  of  a  great  deal  of  property 
in  the  Portland  cement  industry.  The  present  prac- 
tice endeavors  to  keep  the  pulverized  coal  from  mixing 
with  air  so  that  if  it  should  happen  to  catch  fire  it 
would  burn  slowly  without  producing  disastrous  explo- 
sions. 

STORAGE  OP  PULVERIZED   COAL 

Storage  capacity  for  pulverized  coal,  because  of  the 
element  of  danger,  should  be  as  small  as  possible  con- 
sistent with  the  continuous  operation  of  the  mill.  It 
is  customary  to  provide  for  each  kiln  a  storage  bin  with 
a  capacity  of  from  6  to  10  hours  of  operation.  Such 
bins  are  usually  located  15  to  20  ft.  from  the  lower  end 
of  the  kilns  where  they  do  not  interfere  with  the  opera- 


tion. Each  bin  is  supplied  by  a  cou\-'eyor  leading  from 
the  pulverizing  machine.  The  ordinary  location  with 
reference  to  the  kiln  is  illustrated  in  Fig.  1.  In  this 
drawing  the  coal  bin,  shown  at  K,  is  of  a  cylindrical 
form  with  a  cone-shaped  bottom.  The  pulverized  coal 
is  supplied  to  the  bin  through  a  screw  conveyor  at  the 
top  of  the  bin,  shown  at  L.  It  is  discharged  fi'om  the 
bottom  of  the  bin  by  means  of  a  screw.  Coal  storage 
bins  of  rectangular  cross  section  are  equally  service- 
able. 

FEEDING  THE  COAL 

Powdered  coal  is  fed  from  the  bottom  of  the  bin  by 
adjustable  feeding  arrangements  generally  consisting 
of  a  double-threaded  screw  conveyor  having  a  variable 
feed,  one  type  of  which  is  illustrated  in  Fig.  1.  The 
coal  dust  is  blown  into  the  kiln  by  a  jet  of  air  with 
some  type  of  injector.     In  some   of  the  plants  eom- 
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Fig.  U    -tO-FT.  by  60-Ft.  Coal  Mill,  Elevation  showing  Drter 

pressed  air  of  from  30  to  40-lb.  pressure  is  employed  for 
delivering  the  pulverized  coal ;  in  other  plants  air  is 
obtained  from  a  rotary  fan  at  about  2  ounces  pressure. 
Fig.  6  illustrates  a  type  of  high  pressure  burner  exten- 
sively employed  by  the  Atlas  Company.  The  drawing 
clearly  shows  the  construction  and  mode  of  operation. 
Fig.  7  shows  a  common  type  of  low  pressure  injector. 
The  drawing  shows  the  construction  of  the  injector, 
from  which  the  mode  of  operation  will  be  readily  un- 
derstood. 

The  coal  feeding  injectors  are  located  in  front  of  the 
stationary  hood  and  arranged  to  deliver  the  jet  of  coal 
dust  axially  to  the  kiln.  Practice  has  proved  that  it  is 
unnecessary  to  use  more  than  one  jet  to  a  kiln,  although 
in  some  of  the  constructions  two  jets  are  used.  The 
detailed  construction  of  injectors  for  feeding  the  pul- 
verized fuel  differ  in  the  various  plants,  but  all  embody 
the  features  illustrated  in  Figs.  6  and  7. 
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COMPLETE  INSTALLATION  OP  PULVERIZING  MACHINEKY 

I  present  a  set  of  drawings  which  show  a  complete 
installation  of  coal  pulverizing  machinery  having  a  ca- 
pacity of  about  8  tons  per  hour.  These  drawings  I 
have  selected  as  illustrating  simply  and  completely  the 
machinery  needed  for  a  coal  pulverizing  equipment. 
They  were  prepared  by  the  Lehigh  Car  Wheel  &  Axle 
Works  and  arc  submitted  by  permission.  They  appear 
as  Figs.  8  to  11  in  connection  with  this  article.  Fig.  8 
is  a  plan  view  showing  tiie  arrangement  of  the  machin- 
ery. Figs.  9,  10  and  11  are  vertical  sections  which  show 
the  locations  in  a  vertical  plane  of  various  machines. 
By  reference  to  these  drawings  it  will  be  noted  that 
maciiinery  is  provided  for  crushing  the  coal  in  crush- 
ing rolls,  elevating  the  crushed  coal  in  a  dust-proof  ele- 
vator A,  to  the  top  of  the  mill  wlicre  it  discharges  by 
gravity  through  a  coal  scale  and  then  into  tlie  upper 
end  of  a  rotary  drj-er.  The  coal  passes  through  the 
dryer  which  removes  the  moisture,  then  it  is  discharged 
into  a  dust-proof  elevator  B,  and  raised  to  a  height 
sufBcient  to  fall  by  gravity  into  the  storage  bin  for 
dried  coal  located  at  a  higher  level  than  the  pulveriz- 
ing mills.  From  these  storage  bins  the  coal  is  drawn  by 
gravity  into  the  pulverizing  mills.  The  pulverized 
coal  is  then  raised  by  a  dust-proof  elevator  C,  to  a  point 
where  it  is  discharged  into  a  screw  conveyor  D,  leading 
to  the  storage  bins  near  the  kilns.  The  drawings  show 
the  various  machines  as  driven  by  electric  motors, 
which  is  customary  in  the  art.  The  rotary  dryer  is  of 
the  general  type  of  one  already  described  in  this  article 
and  has  a  rotary  cylinder  4  ft.  6  in.  in  diameter  by  32 
ft.  in  length. 

The  paper  is  intended  to  give  an  idea  of  the  difficul- 
ties overcome  and  the  results  attained  in  the  burning 
of  pulverized  coal  in  the  cement  industry  without  re- 
ferring to  many  details  of  construction.  The  process 
of  burning  in  the  cement  kiln  is  described  quite  at 
length  in  order  that  the  reader  may  understand  the 
peculiar  character  of  the  problem  involved  in  the  ce- 
ment industry  and  the  differences  of  the  combustion 
processes  in  that  art  and  in  the  steam  boiler  furnace. 
It  is  hoped  that  a  full  discussion  will  give  additional 
information  on  this  subject  which  will  tend  to  improve 
the  efficiency  of  combustion  in  all  arts. 

In  the  preparation  of  this  article  information  has  been  supplied 
by  the  Atlas  Portland  Cement  Company,  H.  J.  Seaman,  general 
superintendent,  A.  G.  Croll,  assistant  superintendent;  the  Uni- 
versal Portland  Cement  Company,  Edward  M.  Hagar,  president; 
the  Helderberg  Portland  Cement  Company,  F.  W.  Kelley,  general 
manager;  the  Cayuga  Lnke  Portland  Cement  Company,  M.  E. 
Calkins,  president;  the  Allontown  Portland  Cement  Company,  J. 
W.  Fuller,  president.  \'aluable  information  and  drawings  have 
also  been  received  from  flic  following  manufacturers  of  cement 
machinery:  Allis-Chalmers  Company,  Milwaukee;  Bradley  Pul- 
verizer Company,  Boston; •  Lehigh  Car  WHieel  &  Axle  Works, 
Catasauqua,  Pa.;  Power  &  Mining  Machinery  Company,  Mil- 
waukee; Thomas  Prosser  &  Son,  New  York;  F.  L.  Schmidt  &  Com- 
pany, New  York;  Vulcan  Iron  Works,  Wilkes-Barre. 
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Numerous  attempts  liave  been  made  in  the  past  quar- 
ter century  to  use  pulverized  coal  as  a  boiler  fuel.  The 
published  accounts  of  the  various  trials  are  full  of 
promise  and  apparent  accomplishment,  but  few  of  the 
processes  have  persisted,  and  only  a  small  proportion 
of  the  coal  used  in  steam  making  is  fired  in  this  way. 

There  liave  been  three  broad  types  of  apparatus  pro- 
duced; that  of  which  the  Pinther  (Fig.  1)  is  tj^pical, 
where  the  prepared  coal  is  emptied  into  a  hopper  above 
a  feed-controlling  mechanism  and  carried  into  the  fur- 
nace by  the  natural  draft;  that  having  a  mechanical 
feed,  as  the  revolving  brush  of  the  Schwartzkopff  ap- 


FiG.  1     Pinther  Type  of  Apparatus 

paratus  (Fig.  2) ;  and  that  in  which  the  coal  is  blown 
into  the  furnace,  as  in  the  Day  or  Ideal  apparatus 
(Fig.  3). 

With  tlie  first  type  efficiencies  of  from  75  to  80  per 
cent  were  obtained,  but  the  capacity  was  limited.  When 
sufficient  draft  was  applied  to  introduce  a  considerable 
amount  of  fuel,  the  velocity  was  such  as  to  carry  un- 
consumed  particles  of  coal  into  the  back  connection 
and  tubes.  When  fuel  is  introduced  into  a  powdered 
fuel  furnace  at  a  rate  which  will  give  the  full  rated 
capacity  of  the  boiler,  a  particle  will  remain  in  the 
combustion  zone  of  an  ordinary  furnace  less  than  half 
a  second. 

The  first  installation  that  I  ever  saw  for  burning 
pulverized  coal  under  a  boiler  was  of  the  rotary  brush 
type.  It  was  promoted  by  Mr.  Bradley,  an  extensive 
fertilizer  manufacturer,  I  should  say  in  the  late  nine- 
Presented  at  the  Spring  Meeting,  at  St.  Paul-Minneapolis,  1914, 
of  The  American  Society  of  Mechanical  Engineers. 
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ties.  It  was  but  a  step  from  pulverizing  fertilizer  to 
pulverizing  coal.  The  apparatus  was  applied  to  a  hori- 
zontal-return tubular  boiler  at  Quincy,  Mass.,  set  in 
the  usual  way.  The  brush  injector  was  placed  at  the 
furnace  door  and  upon  the  grate  was  a  thin  fire  com- 
posed of  coal  of  about  the  size  of  hickory  nuts.  There 
was  no  way  of  feeding  coal  to  this  fire  and  none  was 
necessary.  Enough  of  the  coal  failed  to  be  consumed 
in  suspension,  and  fell  and  agglomerated  itself  upon 
the  fuel  bed  to  keep  it  supplied.     The  powdered  coal 


is  introduced  in  this  way,  the  blower  usually  being  so 
combined  with  the  pulverizer  that  the  pulverized  coal 
is  blown  into  the  furnace  as  fast  as  it  reaches  the  neces- 
sary degree  of  fineness. 

That  tlie  subject  has  not  been  neglected  by  inventors 
is  evidenced  by  the  fact  that  during  the  past  20  years 
there  have  been  23  United  States  patents  issued  for 
pulverized  coal  apparatus. 

The  earlier  attempts  to  utilize  pulverized  coal  were 
in  connection  with  metallurgical  processes.  J.  S. 
Dawes  used  it  in  England,  in  1831,  in  blast  furnaces, 
injecting  it  with  the  air  through  the  tuyeres.  It  was 
proposed  or  tried  in  iron  works  by  Desboissierres,  in 
1846,  by  Mouchel,  in  1854,  and  by  Mushet,  in  1856. 
Somewhat  later,  Crampton  tried  it  in  locomotive  and 
other  boilers. 

In  the  Engineering  and  Mining  Journal  of  1876, 
Chief  Engineer  B.  F.  Isherwood,  U.S.N.,  described  a 
test  made  by  naval  engineers  under  his  direction  in 


Fig.  2    Schwartzkopff  Apparatus 

was  brought  in  bags  and 
dumped  into  the  hopper 
above  the  brush.  The  chim- 
ney was  smokeless,  the  fire 
box  cloudy,  but  the  combus- 
tion chamber  full  of  clean 
white  flame.  It  looked 
very  promising,  but  never 
reached  the  publication 
stage. 

When  it  is  suggested  that 
an  air  blast  be  used  to  in- 
troduce the  fuel,  the  appre- 
hension of  an  excess  of  air 
is  natural.  The  relative 
volumes  of  equal  weights  of 
coal  and  air  are  about 
1 :  990.    It  would  hardly  be 

expected  to  use  less  than  15  lb.  of  air  per  pound  of 
coal,  so  that  the  relative  volumes  of  coal  and  air  intro- 
duced would  be 

1:(990X15)  =1:14,850. 
The  diameter  of  the  globe  of  air  which  would  ac- 
company each  tiny  particle  of  fuel  into  the  furnace 
would  be  14,850  ^  14,850,  or  over  24  times  the  diameter 
of  the  particle  of  coal,  so  it  will  be  seen  that  plenty  of 
air  may  be  used  for  fuel  injection  purposes  without 
exceeding  the  suppl3'  required  for  complete  combus- 
tion.   In  all  of  the  systems  at  present  in  use,  the  fuel 
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Fig.  3     Day  or  Ideal  Apparatus 

1867  and  1868  at  South  Boston,  upon  an  apparatus 
devised  by  James  D.  Whelpley  and  his  partner,  Storer, 
for  firing  a  boiler  in  part  with  pulverized  fuel.  The 
boiler  was  of  the  horizontal  two-flue  type  having  only 
299  sq.  ft.  of  heating  surface  and  131/^  sq.  ft.  of  grate. 
A  coal  fire  was  maintained  upon  the  grate  and  the  pul- 
verized fuel  fed  in  above  it,  a  fire  arch  being  used  to 
maintain  the  furnace  temperature  when  the  powdered 
fuel  was  used,  but  not  with  the  grate  alone. 

Tests   were   made   both    with   anthracite    and   semi- 
bituminous  coal.    The  highest  rates  of  combustion  at- 
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taiiu'd  were  13.8  lb.  per  s^.  t'T.  of  grate  per  hour  for 
the  anthraeite,  and  14.9  for  the  bituminous,  referring 
all  the  coal  burned,  pulverized  as  well  as  solid,  to  the 
grate  area.  Mr.  Isherwood's  conclusions  were  that,  in- 
eluding  tile  cost  of  pulverizing,  the  anthracite  did  a 
good  deal  better  and  the  semi-bit uminoiis  a  little  bet- 
ter, when  bui-ned  iii)on  the  grate  in  the  ordinary  way 
than  when  burned  in  part  in  tlie  pulverized  condition. 

In  the  late  nineties,  D.  Wegener  brought  out  in 
Europe  and  tried  in  this  country  a  natural  draft  sys- 
tem. Tests  showed  boiler  efficiencies  of  from  7.")  to  80 
per  cent. 

In  1910,  J.  E.  Blake,  of  the  Blake  Pulverizer  Com- 
pany, installed,  under  a  300-h.p.  water-tube  boiler,  at 
the  Henry  Phipps  power  plant  in  Pittsburgh,  the  ar- 


naee  maintenance,  the  frequent  laying  off  of  the  boiler 
for  tlie  removal  of  slag  and  the  cost  of  pulverizing 
counteracted  in  the  opinion  of  the  operators  these  ad- 
vantages and  the  system  was  abandoned  after  a  trial 
of  about  eight  weeks. 

In  1905,  Jolin  B.  Culliney,  Superiuteudent  of  the 
American  Steel  &  Iron  Company,  patented  the  con- 
trolling device  shown  in  Fig.  6.  The  powdered  fuel  is 
deposited  in  the  hopper  A,  filling  the  chamber  B  di- 
rectly beneath  it,  whence  it  is  carried  forward  by  the 
liorizontal  screw  conveyor  and  dropped  in  a  continuous 
stream  througli  the  chamber  C.  Radial  rods  upon  the 
conveyor  shaft  agitate  the  mass,  and  push  any  foreign 
or  uncomminuted  material  which  may  have  been  intro- 
duced with  the  fuel  out  to  the  sides,  where  swinging 


Supply  Pipes, 


Fig.  4     Blake  and  Phipps  Installation 


rangement  sliown  in  Fig.  4.  Tlu'  pulverizer  served  as 
its  own  blowei-,  sending  the  pulvei-ized  fuel  mixed  with 
air  tp  the  furnace,  where,  in  this  installation,  it  was 
introduced  by  a  series  of  nozzles  extending  across  the 
width  of  the  furnace.  A  little  less  than  the  rated 
horsepower  of  the  boiler  was  obtained  with  an  efficiency 
of  about  79  \wv  cent. 

A  later  form  of  the  Blake  apparatus  was  installed 
last  winter  at  tlie  Peter  Doelger  Brewery  in  New  York 
City.  Tile  i)owdered  coal  was  delivered  into  the  top  of 
an  extension  furnace  or  Dutch  oven,  as  shown  in  Fig.  5. 
Smokeless  combustion  and  high  efficiency  were  ob- 
tained, tlie  princii)al  trouble  being  from  .slag,  wliieh 
accumulated  on  tlie  roof  and  sides  of  the  furnace,  and 
piled  up  in  such  masses  ui)on  the  floor  that  frequent 
shutdowns  were  required  for  its  removal.  They  evap- 
orated as  much  water  witli  1000  lb.  of  the  pulverized' 
as  with  1400  lb.  of  tlie  natural  coal,  but  the  cost  of  fur- 


cover  plates  DD  are  i^rovided  for  its  removal.  Con- 
nected to  each  side  of  the  chamber  C  is  a  blast  pipe  E, 
tlie  opening  for  which  is  shown  in  the  longitudinal  sec- 
tion at  F.  A  cui-rent  of  air  flowing  through  tlie  pipe 
and  across  the  falling  stream  of  pulverized  coal  picks 
up  a  portion  of  it  and  carries  it  to  the  larger  pipe  G, 
where  it  is  taken  up  by  another  air  current  and  carried 
into  tlie  furnace.  About  one-seventh  of  the  total  air 
is  supplied  at  the  smaller  pipe  under  a  pressure  of 
aliout  6  oz.,  the  remainder  of  that  necessary  to  com- 
plete combustion  being  supplied  by  the  larger  pipe 
under  a  pressure  of  ly^  oz.  or  less.  The  part  of  the 
coal  wliieli  is  not  taken  up  by  the  blast  is  returned  to 
the  upper  chamber  by  the  inclined  screw  of  coarser 
pitch,  and  carried  forward  again  through  the  same 
process.  Regulation  of  the  speed  of  the  conveying 
screws,  and  of  both  air  supplies,  gives  the  opei'ator 
complete  control  of  the  rate  of  feeding  and  character 
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Fig.  5     Doelger  Installation 


of  the  flame.  This  sy.stem  has  found  a  wide  applica- 
tion, not  only  for  large  metallurgical  work,  hut  for 
many  furnaces  where  oil  and  producer  gas  were  for- 
merly used,  and  was  used  for  a  number  of  years  under 
boilers  at  the  works  of  the  Erie  Malleable  Iron  Com- 
pauy  until  the  purchase  of  current  from  the  electric 
company  made  the  operation  of  the  boilers  no  longer 
necessary. 

This  system  has  been  for  some  time  in  successful  use 
for  shop  processes  at  the  Schenectady  works  of  the 
American  Locomotive  Company,  and  has  recently  Ijeeu 
installed  for  steam  making  purposes  under  a  300-h.p. 
Franklin  boiler.  The  arrangement  is  sliowu  in  Fig.  7. 
The  results,  up  to  this  writing,  have  been  complete 
smokeless  combustion,  no  slag,  several  furnace  linings 


melted  down,  but  inability  to  get  full  boiler  capacity. 
This  is  laid  to  limited  controller  capacity,  and  larger 
controllers  are  being  installed.  It  is  hoped  that  further 
infoi-mation  will  lie  available  before  the  date  of  the 
meeting. 

Claude  Bettington  of  Johannesburg,  South  Africa, 
where  the  j^rice  of  coal  is  high,  attacked  the  problem 
by  designing  a  boiler  especially  for  use  with  pulverized 
fuel.  He  took  out  his  first  patent  in  the  United  States, 
hut  his  boiler  was  first  commercially  exploited  in  Eng- 
land. He  met  his  death  in  an  aeroplane  accident  some 
two  years  ago.  In  liis  boiler  the  feed  is  upward,  as 
shown  in  Fig.  S.  through  a  water-jacketed  nozzle  in 
the  center  of  a  vertical  furnace.  The  pulverizer  acts 
as  a  blower,  and  the  air  supply  is  preheated.    From  the 


Figs.  6a  and  66     Culliney  Feeding 


3£0 


PULVERIZED    COAL    FOR    STEAM    MAKING,    F.    R.    LOW 


pulverizer  the  coal  passes  to  a  separator,  where  the 
larger  particles  settle  out  and  return  to  be  again 
treated,  the  finer  passing  on  to  the  burner.  The  blast, 
about  2  in.,  opposing  gravity,  tends  to  keep  the  coal  in 
suspension,  and  as  a  particle  would  have  to  pass  twice 
the  lengtli  of  the  furnace  (upward  and  downward)  to 
escape,  there  is  no  difficulty  in  obtaining  complete  com- 
bustion. 

Tile  flame  does  not  lift  more  than  10  per  cent  under 
the  highest  rate  of  feed  which  it  is  practicable  to  em- 
ploy, the  temperature  of  the  furnace  and  of  the  en- 
veloping gases  being  increased  enough  to  offset  the 
greater  velocity  of  ingress.     The  tubes  of  the  inner 


perfectly  clean,  and  particular  care  taken  as  to  the 
wat(!r  level.  One  of  these  boilers  liaving  2606  sq.  ft. 
of  heating  surface  has  been  running  for  over  four 
years  at  the  works  of  the  builders.  It  evaporates  regu- 
larly 14,000,  and  has  been  worked  up  to  22,000  lb.  of 
water  per  hour.  These  rates,  however,  (5.4  and  8.4  lb. 
per  sq.  ft.  of  heating  surface)  are  attained  with  stoker 
fired  boilers. 

A  contributor  to  Power  who  has  had  two  of  these 
boilers  in  charge  says  that  the  steel  head  of  the  upper 
drum  burned  through  at  one  time,  probably  due  to  dirt 
collecting  upon  it;  that  in  spit*  of  the  cooling  effect  of 
the  tubes  tlie  special  bricks  forming  the  furnace  quick- 
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Fig.  7     300-H.P.  Franklin  Boiler,  American  Locomotive  Company 


row  of  the  circular  furnace  are  covered  with  a  special 
refractory  covering  to  within  a  short  distance  of  the 
bottom  header,  making  a  brick-lined  combustion  cham- 
ber. The  special  bricks  are  placed  loosely  around  the 
tubes,  but  soon  become  coated  with  molten  ash  and 
slag,  which  welds  them  into  a  solid  wall,  and  closes  the 
crevices  between  the  lining  and  the  top  header.  The 
ash  which  is  not  so  slagged  to  the  furnace  surfaces,  or 
carried  out  by  the  draft,  drips  into  the  ashpit  below 
the  lower  header.  The  destructive  effect  of  the  im- 
pinging flame  upon  the  brickwork  is  avoided  by  taking 
it  upon  the  lower  head  of  the  central  drum,  or  upon 
the  accumulation  of  gas  in  the  upper  end  of  the  cham- 
ber, the  region  of  greatest  heat  intensity  being  in  the 
(•ore,  wliile  the  tubes  and  shell  are  subjected  to  the 
lesser  temperature  of  the  somewhat  cooled  gases,  which 
have  not  yet  got  away.  The  radiant  heat  is,  however, 
effective  upon  them  and  the  metal  surfaces  must  be  kept 


ly  burn  away,  and  frequent  renewals  are  necessary.. 
Care  must  be  taken  lest  the  lining  bum  through  and 
llie  gas  be  short-circuited.  Although  this  boiler  will 
bum  low-grade  fuel  successfully,  and  while  under 
steam  is  easily  managed,  one  fireman  being  able  to 
look  after  several  boilers,  these  advantages  are  largely 
offset  in  his  opinion  by  high  cleaning  and  maintenance 
charges. 

The  makers  say  their  experience  has  been  that  a  lin- 
ing will  last  about  two  years,  and  tliat  even  large  holes 
will  automatically  seal  up.  The  parts  which  require 
most  frequent  renewal  are  the  beaters  and  liners  of  the 
pulverizer.  These  are  of  manganese  steel,  and  can  be 
replaced  in  about  two  hours.  The  makers  claim  an 
approximate  life  for  the  beaters  of  1500,  and  for  the 
linei-s  of  2000  tons  of  coal  handled.  A  user,  after  10 
months'  experience,  says  that  the  blades  run  from  1000 
to  1200  hours  per  set,  and  that  the  second  set  of  liners . 
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Air  Heater 


was  still  in  use.  The  use  of  heated  air  in  the  pulverizer 
allows  coal  having  15  per  cent  or  more  of  moisture  to 
be  handled  successfully ;  a  separate  heater  is  recom- 
mended for  large  boilers.  They  allow  2  to  3  per  cent 
of  the  boiler  capacity  for  pulverizing.  There  was  some 
trouble  from  leaky  water  jackets  putting  the  flame  out, 
but  this  has  been  overcome  by  the  use 
of  welded  jackets. 

A  number  of  these  boilers  are  in  use 
iu  South  Africa,  in  Great  Britain  and 
Canada.  Tests  of  one  of  the  Rand 
boilers  show  an  efficiency  of  82.6  per 
cent,  tlie  coal  having  2.15  moisture, 
22.8  volatile,  57.55  fixed  carbon,  17.5 
ash.  The  CO.,  is  carried  at  15  per  cent 
in  regular  practice. 

With  the  ordinary  method  of  burn- 
ing coal,  the  grate  wdth  its  bed  of  solid 
incandescent  fuel  more  or  less  eueum- 
Uered  with  ash  and  clinker,  offers  a 
considerable,  a  varying,  and  an  un- 
even resistance  to  the  passage  of  air, . 
rejects  the  incombustible  residuum 
with  some  difficulty  and  allows  some  of 
the  unburned  fuel  to  sift  to  the  ashpit 
or  to  be  fused  in  with  the  clinker.  If 
ihe  fuel  can  be  burned  in  suspension, 
many  of  these  difficvilties  disappear 
and  the  draft-producing  apparatus  is 
reduced  to  that  which  will  remove  the 
products  of  combustion  and  allow 
enough   air   to  enter   to  burn   the   re- 


surfaces of  the  furnace  and  welds  itself  into  masses, 
occasioning  damage  to  the  brickwork  in  its  removal 
and  comparatively  frequent  layoffs  for  cleaning.  In 
one  instance  the  molten  slag  formed  in  sheets  and 
ridges  upon  the  sides  and  in  stalactites  upon  the  roof 
of  the  furnace,  while  the  floor  was  covered  with  a  plas- 


^S  ^■Special  Bricks 
■5^  Forming 

~~^       Combustion 
Chamber. 
Horizontal  Section 
A-  5 


Dust 
Separating 

Chamber 


'Superheater 

Flooding  and 
Blow-out  Pipes. 


Fig.  8     Bettington  Boiler 


quired  amount  of  fuel.  There  still  remains,  however, 
the  difficulty  of  getting  rid  of  the  incombustible.  With 
10  per  cent  ash  there  will  be  200  lb.  of  refuse  to  be  got 
rid  of  with  each  ton  of  coal  burned.  If  this  is  kept 
in  a  pulverized  fonn  it  is  carried  into  the  back  connec- 
tion, the  tubes  and  stack,  and  scattered  about  the 
neighborhood.     If  it  is  fused  it  attaches  itself  to  tlie 


tic  mass,  which  cooled  when  the  door  was  opened  for 
its  removal,  and  could  hardly  be  got  out  without  mate- 
rial damage  to  the  furnace. 

The  possibility  of  getting  an  adequate  supply  of  oxy- 
gen to  the  finely  comminuted  carbon  allows  perfect  and 
smokeless  combustion  with  a  mininuun  air  supply,  but 
with  the  rates  of  combustion  demanded  in  present  prac- 
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tice,  the  i-esiilt  is  a  high  temperature  with  erosive  and 
reduciug  characteristics  which,  however  good  they  may 
be  for  metallurgieal  processes,  are  not  favorable  to  the 
longevity  of  a  boiler  furnace.  If  this  temperature  is 
kept  down  by  feeding  less  fuel,  the  capacity  is  limited, 
v.liile  if  it  is  kept  down  by  using  an  excess  of  air  tlie 
economic  advantage  just  cited  is  saci-ifieed. 

There  have  been  several  disastrous  exj)losions  of 
the  prepared  fuel  outside  of  the  furnace ;  but  tliese 
can  be  easily  guarded  against.  Coal,  liowever  fine- 
ly comminuted,  does  not  contain  the  elements  nec- 
essary for  its  own  combustion,  and  if  ignited  will 
burn  only  slowly  if  kept  in  a  comj)act  mass.  It 
is  only  wlicn  it  is  ditfused  in  a  cloud  tliat  the 
oxygen  of  the  atmospiiere  can  get  to  it  quickly  enougli 
to  make  the  rate  of  combustion  dangerous.  The  pul- 
verized fuel  can  be  safely  conveyed  e'n  masse  in  suit- 
able holders,  in  screw  conveyors,  or  even  in  cars  and 
barrows  if  care  is  taken  tliat  it  shall  not  be  blown  or 
sifted  about  in  a  finely  disseminated  state.  In  those 
systems  where  tlie  pipe  back  of  tlie  blower  is  filled  with 
an  explosive  mixture  of  coal  and  air,  the  rate  of  flow 
must  exceed  that  of  the  propagation  of  flame  in  such 
a  mixture,  and  in  shutting  down  the  coal  supply  should 
be  shut  oft'  fii'st.  The  pulverized  mass  will  run  like 
water,  so  tliat  the  pitch  of  chutes,  conveyors,  etc.,  must 
be  so  set  as  to  ]irovide  against  the  flowing  of  their 
contents. 

While  anthracite  dust  can  be  used  it  burns  more 
slowly  than  coal  having  a  higher  percentage  of  vola- 
tiles,  and  must  be  very  finely  pulverized.  For  most 
.systems  practically  all  of  the  coal  should  go  through  a 
screen  having  100  meshes  to  the  inch,  and  for  coals  hav- 
ing a  small  percentage  of  volatile  or  where  very  rapid 
combustion  is  imperative  the  coal  is  ground  to  a  fine- 
jiess  which  will  permit  the  greater  part  of  it  to  pass 
through  a  '200-to-the-inch  sieve.  Low-grade  coals  and 
coals  having  a  large  percentage  of  ash  can  be  burned 
in  this  way.  but  there  is  a  limit  to  the  proportion  of 
slate  and  bone  that  one  can  afford  to  grind,  and  an  in- 
creasing proportion  of  ash  means  increased  trouble 
from  dust  and  slag.  The  earlier  practice  of  taking  up 
the  impingement  of  the  flame  on  a  cheekerwork  or  a 
heap  of  brickbats  is  out  of  favor.  It  simplifies  the 
process  of  keeping  the  burner  lighted,  but  burns  up 
too  much  firebrick  and  makes  a  locus  for  the  building 
of  a  slag  lieap.  With  an  ordinary  firebrick  furnace 
Well  lieated  up  thei'c  is  no  trouble  in  maintaining  the 
flame  steady,  and  it  will  re-ignite  after  having  been 
turned  out  for  several  minutes. 

The  cost  of  pulverizing  and  the  large  initial  cost  of 
the  drying,  pidverizing,  conveying  and  feeding  appa- 
ratus, togetiier  witli  the  fact  tliat  coal  of  practically  all 
grades  can  be  burned  with  a  tolerable  degree  of  smoke- 
kSsness  in  the  cheaper  apparatus  in  common  use  Avith 
a  degree  of  efficiency  which  leaves  little  margin  to  cover 
the  increased  expenditure,  have  combined  to  restrict 
the  use  of  pulverized  coal  for  boiler  purposes  to  spe- 
cial instances. 


AX    INSTALLATION    FOR    POWDERED 

COAL    FUEL    IN    INDUSTRIAL 

FURNACES 

I5V   AVII.I.IAM   DALTON",  SCHENECTADY,  N.  Y. 


W.  S.  QUIGLEY,  XEW  YORK 
Members  of  the  Society 

At  the  works  of  the  American  Locomotive  Company, 
Schenectady,  N.  Y.,  there  have  been  in  use  oil  furnaces 
for  heating  the  blanks  for  drop  forgings  and  general 
small  forge  work,  and  hand-fired  coal  furnaces  for  the 
heavier  work  in  the  hammer  shop.  The  equipment  is 
now  being  changed  to  burn  powdered  coal  fuel  and  a 
milling  building  has  been  erected  to  contain  the  coal 
drying  and  pulverizing  appai-atus. 

The  advance  in  the  price  of  fuel  oil  in  1912  and  the 
refusal  of  the  oil  companies  to  guarantee  deliveries  or 
to  renew  conti-acts  for  any  considerable  length  of  time 
led  to  an  investigation  in  order  to  determine  what  fuel 
would  be  a  satisfactory  substitute  for  oil. 

The  apparatus  installed  was  that  developed  by  the 
American  Iron  and  Steel  Manufacturing  Companj*  at 
their  Lebanon  and  Reading  works  and  now  handled 
by  the  Quigley  Furnace  and  Foundiy  Compan.v,  Xew 
York.  The  plant  was  built  and  started  in  May,  1913, 
and  while  there  has  been  the  usual  amount  of  trouble 
in  getting  a  new  fuel  system  to  run  smoothly,  the  re- 
sults have  been  satisfactory. 

The  coal  milling  and  distributing  plant  is  motor- 
driven  and  centrally  located  in  a  building  of  non-com- 
bustible construction.  At  present  it  has  a  capacity  of 
5  tons  an  hour,  and  is  so  arranged  that  by  duplicating 
the  dryer  and  pulverizer  its  capacity  can  be  doubled. 
This  plant  has  a  concrete  hopper  placed  under  an  ele- 
vated track  where  it  can  be  served  either  by  discharg- 
ing directly  into  it  from  the  ear  or  from  the  stock  pile 
by  means  of  a  traveling  crane  and  grab  bucket.  The 
concrete  ear  hopper  discharges  into  a  rotaiy  crusher 
capable  of  reducing  20  tons  per  hour  of  run-of-mine 
coal  to  %-in.  cubes,  from  which  it  is  carried  by  means 
of  a  bucket  elevator  to  a  storage  bin  which  discharges 
by  means  of  chutes  and  reciprocating  feeder  into  an 
indirect-heat  type  dryer  of  6-tons  per  hour  capacity. 
From  here  it  is  elevated  to  a  dried  coal  storage  bin  ar- 
ranged to  feed  by  chutes  directly  into  the  pulverizer, 
then  elevated  to  a  pulverized  coal  storage  bin,  from 
which  it  is  distributed  by  screw  conveyors  to  tlie  drop 
forge  and  hammer  sho]is.  The  plans  permit  of  further 
extension  to  the  blacksmith  shop,  power  plant  and 
other  departments  later  (Figs.  1,  2  and  3). 

Tlie  milling  building  is  detached,  well  ventilated,  and 
built  in  conformity  with  the  -underwriters'  require- 
ments and  accepted  by  them  on  a  par  with  buildings 
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containing  equipment  for  fuel  oil  or  gas  for  industrial 
purposes.  There  has  been  no  trouble  whatever  from 
spontaneous  combustion,  or  fires  from  other  causes,  and 
there  appears  to  be  no  reason  to  expect  trouble  from 
this  source  if  ordinary-  precaution  is  used,  as  required 
with  any  other  kind  of  fuel. 

To  insure  the  best  results,  the  coal  should  be  of  high 
volatile  and  low  ash  and  should  be  dried  so  as  to  con- 
tain not  over  y^  of  1  per  cent  of  moisture,  care  being 
taken  in  drying  to  avoid  overheating  and  so  driving 
off  any  of  the  volatile  content.  The  coal  should  be  pul- 
verized to  a  fineness  that  will  permit  93  per  cent  to  95 
per  cent  to  pass  through  a  100-mesh  sieve,  and  for  some 


coal  to  tlie  base  of  the  hopper.  By  this  method  a  con- 
tinuous stream  of  coal  passes  tiie  opening  and  any  por- 
tion up  to  the  capacity  of  the  upper  screw  may  be  util- 
ized by  increasing  or  decreasing  the  cross  jet,  and  as 
the  lower  screw  has  a  greater  capacity  than  the  upper 
it  is  iiripossible  to  clog  tiie  device  in  case  of  stopping  the 
consumption  of  coal  altogether. 

The  furnaces  in  the  drop  shop  are  rebuilt  oil  furnaces 
and  those  in  the  hammer  shop  are  rebuilt  hand-fired 
coal  furnaces,  and  it  should  be  emphatically  stated  that 
it  is  a  serious  mistake  to  attempt  to  apply  powdered 
coal  to  existing  furnaces  without  rebuilding  them  in  a 
manner  best  suited  to  that  fuel,  since  rapid  and  eco- 


i?^a.°-V.'4-»!S. 


Fig.  5     Diagram  of  Three-Door  Furnace  with  W.aste-Heat  Boiler,  Shown  in  Fig.  4 


classes  of  work  even  a  greater  degree  of  fineness  has 
been  found  desirable. 

In  the  burning  of  powdered  coal,  the  fuel  controlling 
device  is  the  most  essential  element  in  the  successful 
operation  of  the  system  as  a  uniform  and  controllable 
supply  of  the  powdered  coal  must  be  supplied  to  the 
burner  at  all  times.  The  controller  used  in  this  in- 
stallation as  shown  in  Fig.  9,  was  developed  by  the 
Ameriimn  Iron  and  Steel  Manufacturing  Comi)any, 
and  used  successfully  by  them  for  seven  years. 

The  device  is  motor  driven  and  consists  mainly  of 
two  screws,  the  upper  located  so  as  to  propel  the  pow'- 
dered  coal  from  tlie  bin  forward  to  a  point  wliere  it 
falls  in  a  stream  past  an  opening  tlirough  wliich  a  cross 
current  of  low  pressure  air  (a  small  i)ortion  of  the 
total  amount  of  air  required  for  combustion)  is  direct- 
ed, so  as  to  force  the  desired  quantity  to  the  burner 
through  suitable  pipes.  The  lower  or  return  screw  is 
of  greater  pitch  than  tlie  upper  and  returns  the  excess 


nomical  operation,  as  well  as  the  elimination  of  the  ash, 
cannot  be  accomplished  without  properly  designing  the 
furnaces  for  the  new  fuel.  Coal  has  been  burned  in 
this  plant  with  an  ash  content  as  high  as  18  per  cent 
with  uniformly  good  results,  although  the  high  ash 
causes  considerable  annoyance  where  open  furnaces, 
such  as  used  for  heating  small  forgings,  rods,  etc.,  with- 
out doors  are  used  or  where  doors  are  not  wholly  closed 
during  operation,  unless  efficient  hoods  or  an  exhaust 
system  for  properly  disposing  of  the  small  particles  of 
escaping  ash  is  installed. 

The  foregoing  gives  in  a  general  way  a  description 
01  the  important  features  of  the  plant.  After  the  first 
two  furnaces  were  equipped  in  the  drop  shop  and  one 
in  the  hammer  shop,  tests  were  made  to  determine  the 
savings  effected  with  the  use  of  powdered  fuel  as  com- 
pared with  fuel  oil  and  hand-fired  coal  practice ;  and 
also  as  to  what  changes  needed  to  be  carried  out  in  the 
;ilterations  upon   the  other  furnaces.     The  results  of 
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the    tests    upon    these    first    funiaees   are    here    giveu. 

Test  on  Powdered  Coal  Furnace  No.  3335 

Nov.  12,  1913:  Started  12  m.,  ran  to  4;07  p.m.    Heat  in  at 

12:30. 
Nov.  13,  1913:  Started  6:15  a.m.,  ran  to  12:'M  p.m.    Heat  in 

at  7:28. 
Furnace  ran  eleven  heats,  five  heats  of  10  pieces  and  0  heats 
of  12  pieces.    Worked  on  pedestal  die  wedge. 


November  12 

TIME, 

forging  TIME, 

HEATS 

MINUTES                           MI-NUTES 

PIECES 

1 

23 

19 

10 

2 

24 

18 

10 

3 

23 

17 

10 

4 

28 

18 

10 

5 

21 

17 

10 

at  a  marked  level  in  the  hopper  aud  after  tlie  test  filled 
the  hopper  to  the  starting  mark  with  coal  weighed  in 
bags,  weight  of  bags  subtracted. 

CoAi.  .\nai,ysis 

Ash 11.12 

Volatile  matter 20 ,  2S 

Fixed  carbon 64 ,  (iO 

100  00 

Fineness 98 . 4  per  cent 

B.t.u 13,220 

Test  o.\'  Oh.  Furnace  No.  5078 

Nov.  14,  1913:  Test  started  6:10  a.m.,  ran  to  3:35  p.m. 
Furnace  ran  eleven  heats,  12  pieces  to  each  heat.    Worked  on 
pedestal  die  wedge. 


Fig.  6 


Cross-Section  op  Hammer  Shop  Showing  Location  of  Cross  Conveyor,  Scale,  Powdered  Coal  Hopper  and 

ThREE-DoOR   H.'iMMER   FuRNACE 


November  13 

41 

20 

22 

29 

24 

21 

23 

22 

24 

22 

22 

22 

12 
12 
12 
12 
12 
12 


Actual  time  10  hr.  22  min.  Coal  burned  2177  lb.  Low-iJiessure 
blast  1  oz.  from  8  in.  pipe  reduced  to  6  in.  at  burner.  High-pressure 
blast  8  oz.  from  4V2  in.  pipe  reduced  to  1 '  2  in.  at  controller  and  2  in. 
leaving  controller.  Motor  on  controller  ji  h.p.,  1.85  amp.,  230 
volts.  50-in.  blower  on  low-pressure  air  runs  825  r.p.m.,  driven  by 
10  h.p.  a.c.  motor,  20-in.  galvanized  iron  pipe  connection. 

The  coal  was  measured  as  follows:  Started  with  coal 


time,  forging  time, 

heats                 minutes  minutes  pieces 

1  31  18  12 

2  25  18  12 

3  20  16  12 

4  21  19  12 

5  23  18  12 

6  21  17  12 

7  40  22  12 

8  28  16  12 

9  21  16  12 

10  23  17  12 

11  31  16  12 

Actual  time  9  hr.  25  min.    Oil  used  1238  gal.    Blast  on  oil  burner 
6/'2  oz.  from  6  in.  pipe  reduced  to  4  in.  at  burner.     120  h.p.  A.  C. 
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Motor  runs  three  No.   10  Sturtevant  Blowers  for  bliiat.     Blast, 
VA  h.p.  per  hr. 

The  oil  was  measured  as  follows:  There  were  two 
tanks  with  gage  glasses  at  the  bottom,  so  that  the  exact 
level  of  oil  could  be  determined ;  tlie  tanks  were  so  con- 
nected that  one  could  be  filled  with  oil  while  the  other 
supplied  oil  to  the  furnaces.  Tlie  tanks  wore  accurately 
calibrated  and  the  oil  consumption  computed  accord- 
ingly. 


Fio.  7    FunNACE  Heati.vg  Bl.\.nk.s  foh  Diiui  i'uiujisa  ox  wuich 
Tests  were  Run 


.        I-, 

. f--i 

-    ■ U-' 

r. 

1             c 

3                  1 

11           II 

O 

J  1 — \ 

-^^-^^ 

- 

n 


1 .    I 


m 


Fig.  8     Diaguam  of  Furnace,  Shown  in  Fig.  7 

CoMPARLsoN  OF  PULVERIZED  CoAL  FuRNACE  No.  3335  AND  OiL  of  failurc  to  chargc  furnace  on  I*..ovember  12  and  18 

Furnace  No.  5078  (Both  Same  Size)  in  Drop  Shop  min.  were  lost  on  November  13,  because  plate  for  heat- 

puLVERizED  COAL        FUEL  OIL  ing  dies  was  not  put  in  at  the  proper  time. 

FURNACE              ''""'!^™  Tlie  work  was  on  pedestal  die  wedges,  which  are  of 

NO.  3335                        NO.  5078  .                   m,        ,  ,       ,                •,,-,,               i      ,         n           •              ..^    ,, 

Hours  run 10  hr.  22  n.i„.      9  hr.  25  min.  "'O"-     ^he  blocks  weigh  L's  lb.  and  the  f orgmgs  16  lb. 

Fuel  consumed 2177  lb.  c(>:il        138  gal.  oil  The  time  lost  on  the  pulverized  coal  furnace  would 

Average  time  per  ho.at 25.1  min.            25.8  min.  more  than  allow  for  making  the  12  forgings,  so  that 

Average  time  per  forging 1.87  min.              1.47  min.  tji^  amount  turned  out  by  each  furnace  should  be  con- 

ua    oigings            -w  sidered  equal  as  indicated  in  the  table  above. 

I<  orgmgs  to  be  counted 132                        132  ^ 

Cost  of  fuel  at  contract  price..  S2.82  ($2.56  ton)  $6.69  (4.8  ct.  gal.)  Some  weight  sliould  be  given  the  fact  that  tlie  oil 

Cost  of  fuel  delivered  to  the  costs  were  probably  kept  at  a  minimum,  as  tlie  heater 

furnace $3.31                   $0.89  -^vas  thoroughly  familiar  with  oil  and  was  able  to  obtain 

The  powdered  coal  furnace  ran  .07  min.  longer  than  the  maximum  heat  witli  the  minimum  amount  of  fuel 

the  oil  furnace.     However,  30  min.  were  lost  because  oil.    The  same  men  ran  each  furnace  and  tlie  only  fac- 
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tor  of  importance  was  tliat  the  ram  used  on  the  ham- 
mer at  the  oil  furnace  was  about  500  lb.  heavier  than 
the  ram  on  the  hammer  af  the  coal  furnace.  This  did 
not  affect  the  time  of  heats,  but  allowed  a  quicker  forg- 
ing time,  and  there  was  less  time  lost  with  nothing  in 
the  fui-nace. 

It  will  be  noticed  from  the  coal  analysis  that  the 
coal  contained  over  14  per  cent  of  ash,  which  is  too 
high  for  the  efficient  use  of  pulverized  coal.  The  vola- 
tile matter  analyzed  low,  but  as  this  coal  has  been  run- 
ning above  30  per  cent  in  volatile  matter,  it  is  believed 
there  must  have  been  some  fault  in  the  analysis. 

The  above  results  show  the  cost  of  operating  the  fur- 
nace on  pulverized  coal  during  these  tests  was  48  per 
cent  of  operating  it  on  fuel  oil  at  the  present  price. 


In  comparing  the  maintenance  of  the  two  styles  of 
furnaces,  the  pulverized  coal  furnace  had  not  been  run 
long  enough  to  make  an  accurate  comparison,  but  in- 
dications are  that  the  maintenance  of  the  pulverized 
coal  will  not  exceed  that  on  the  old  style  and  will  prob- 
ably run  less.  The  saving  in  labor  with  the  pulverized 
coal  furnace  is  shown  to  be  : 

Three  men  on  ashes  at  $L75 $.5 .  25 

Three  men  on  fires  nights  at  $2.10 0.30 


Per  24  hours  run .S11.55 

Based  on  the  shop  running  at  average  capacity  there 
would  be  a  labor  saving  of  $11.55.  This  allows  for  men 
to  start  furnaces  in  the  morning  and  wheel  away  ashes 
and  slag. 


Fig.  9     Motor-Driven  Controller 


CoMPARisioN  OF  Tests  ON  Large  3-Door  Forge  Fuenaces  of 
Same  Size  Under  Waste  He.a.t  Boilers  Nos.  45  and  61 
No.  45,  old  style  tonace  burning  mine  run  coal,  hand-fired. 

Nov.  12,  1913. 
No.  61,  new  furnace  equipped  to  burn  pulverized  slack  coal. 
Nov.  21,  1913. 

boiler  no.  45      boiler  no.  61 
mine  run  pdlverized 

COAL  coal 

Hours  run 10  hr.  5  min.        9  hr.  30  min. 

Fuel  consumed 4630  lb.  3200  lb. 

Average  time  per  heat 117  min.  120  min. 

Cost  of  fuel  actually  delivered  $6.69  $4.14 

Tonnage  per  furnace 9920  9920 

Cost  of  milling,  conveying  and 

blast $0.48  $1.04 

Total  cost  of  fuel  burned $7.17  $5.18 

Cost  per  ton  output $1.45  $1.05 

Both  furnaces  ran  under  favorable  conditions  and 
the  men  on  both  hammers  turned  out  a  fair  average 
day's  work.  Both  furnaces  were  on  the  same  class  of 
work  and  heated  the  same  amount  of  material. 

In  comparing  the  coal  the  analysis  given  below  shows 
that  there  is  too  high  a  percentage  of  ash  in  the  slack 
coal ;  otherwise  the  samples  are  representative  of  the 
two  grades  of  coal  used. 


Coal  Analysis,  Boiler  No.  45 

Sulphur 1 .26 

Ash 5.52 

Volatile  matter 29 .  17 

Fixed  carbon 65 .  31 

B.t.u 13,826 

Stack  temperature  340  deg.  fahr. 
Blast  on  furnace  QVz  oz. 

Coal  Analysis,  Boiler  No.  61 

Sulphur 1.27 

Ash 13.72 

Volatile  matter 30 .  18 

Fixed  carbon 56. 10 

B.t.u 13,132 

Stack  temperature  240  deg.  fahr. 
Blast  on  furnace  1  oz. 
Blast  on  coal  6  oz. 

From  these  reports  it  will  be  noted  that  the  air  pres- 
sure required  for  burning  powdered  coal  is  materially 
less  than  that  used  on  either  oil  or  hand-fired  coal  fur- 
naces. Owing  to  this  decrease  it  was  found  necessary 
to  lengthen  the  stack  on  the  waste  heat  boiler  to  in- 
crease the  draft  and  afford  a  better  circulation. 
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TOPICAL  DISCUSSION 

Following  tli(.'  presentation  of  the  papers  upon  Pul- 
veiizL'd  Fuel,  tliere  was  a  topical  discussion  for  which 
contributions  had  been  prepared  by  J.  L.  Agnew,  W. 
P.  Barba,  II.  G.  Barnhurst,  John  V.  CuUiney,  W.  J{. 
Dunn,  William  A.  Evans,  Edw.  J.  Kelley,  A.  W.  Ray- 
mond. These  contributions  were  sent  to  the  Society 
in  response  to  an  invitation  to  furnish  data  upon  the 
following  selected  topics : 

(1)  Grades  of  coal  successfully  used-  analysis 

(2)  Experiences  with  coal  liio:li  ii'  ash  and  sulphur 

(3)  Essentials  of  storage  bin  for  jxnvdcred  fuel — troubles 

from  storage 

(4)  Necessity  for  drying  coal  before  grinding 

(5)  Fineness  of  grinding 

(6)  Cost  of  grinding  and  handling,  including  upkeep 

(7)  Danger  from  particles  of  dust  floating  in  air 

(8)  Essentials  of  a  good  burner 

(9)  What   troubles  are   likely   to   occur   with   burners   in 

general 

(10)  Special  features  required  in    powdered  fuel  furnaces 

(11)  Air  pressure  used  and  effect  of  stack  draft  on  com- 

bustion 

(12)  Experiences  with  ash  or  slag  in  furnace 

(13)  What   temperatures  are  maintained   in   furnaces — in- 

fluence of  temperature  on  formation  of  slag 

(14)  Experiences   willi   checkerwork    in    metallurgical    fur- 

naces 

(15)  Life    of    furnace    as    compared    with    furnaces    using 

other  fuels 
(10)    Items  of  expense  or  economy   in  I  he  |ilaril  as  a  whole, 
due  to  u~e  of  powdered  fuel 

The  contributions  are  as  follows : 

(1)     Grades  of  Coal  Snccessfully  Used — Atialysis. 

A  good  a\erage  analysis  of  the  coal  used  here  is  as  follows : 

\'olatile  matter 39 

Fixed  rarbnn.  - 53 

Ash 8 

Sulphur 2 

B.t.u 13,600 

The  amount  of  volatile  matter  present  is  probably  of  con- 
siderahle  importance,  but  we  are  not  ahle  to  say  from  our 
own  experience  how  high  the  fixed  carbon  could  go  and  the 
coal  still  be  successfully  used  in  the  iiowdered  form,  though 
it  is  stated   that  arihracite  and   even   coke   has  been    used. — 

J.    L.   AcJNKW. 

The  kinds  we  ha\e  used  successfully  ai'e  high-gi-ade  gas 
coals  and  gas  slacks  where  the  volatile  has  run  about  35 
]ier  ceni  to  40  j)er  cent,  ash  C  ])cr  cent  to  8  per  cent  and 
the  siilpliiit    low.      W,    P.    l'.Ai;r.A. 

Coal  most  suitable  for  kiln  ruinaces  and  other  types  of 
metallurgical  ruinaces  is  that  which  runs  al)out  35  per  cent 
in  volatile  combustible  matter.  8  ])er  cenI  (ji  hiwei  in  ash. 
and  I'/S  per  cent  or  lower  in  sidphuf.  (iood  icsulls  are  be- 
ing obtained,  however,  on  coals  which  varv  considerably 
from  the  above  [)e!centages. —  H.  (!.   I'iarnulkst. 

The  grade  of  coal  successfully  used  in  heating  and  puddle 
furnaces  has  a  composition  closely  approaching  the  follow- 
ing: 


\'olatiIe  matter 33 

Fixed  carbou 56 

Moisture , 1 

Ash 9 

Sulphur I 

100 

— John  V.  Cullinev. 
What  is  technically  known  as  gas  slack  is  the  grade  most 
generally  useil.  particularly  in  the  Portland  cement  industry. 
This  is  eheajjer  than  run  of  mine  gas  coal,  and  in  its  tine 
state  dispenses  with  the  use  of  preUminary  crushing  machin- 
ery prior  to  going  to  the  dryer.  The  coal  should  be  high  in 
volatile  matter.  Its  range  in  this  respect  should  vary  from 
28  per  cent  upward.  The  higher  the  volatile  content,  the 
more  readily  wiU  the  coal  ignite,  provided,  of  course,  the 
fineness  be  the  same.  The  volatile  matter  is  driven  off  after 
the  small  percentage  of  moisture.  It  is  readily  ignited 
by  the  heat  of  the  furnace,  and,  if  the  coal  has  been  sutli- 
ciently  reduced  in  fineness  and  properly  mixed  with  air,  the 
burning  coal  dust  will  approach  the  condition  of  an  ap- 
proximate gas.  A  typical  analysis  of  a  high-grade  gas  coal 
would  be  as  follows,  figured  on  a  dry  basis : 

Volatile  matter 34.50 

Fixed  carbon 57.00 

A.ih 8.50 

Total 100 .00 

Sulphur 1 .20 

The  value  of  a  coal  for  a  particular  industry  will  depend 
greatly  upon  the  character  of  the  particular  furnace  and 
especially  upon  the  material  to  be  heated.  For  example,  a 
coal  high  in  sulphur  may  be  used  without  deleterious  effect 
in  one  industry,  while  in  another  it  would  cause  a  great  deal 
of  harm  to  the  material  being  treated.  Coals  high  in  sul- 
phur invariably  give  trouble,  due  to  spontaneous  combus- 
tion. This  is  especially  true  with  some  of  the  high  sulphur 
coals  of  Indiana  and  Illinois. — W.  R.  Dunn. 

Furnaces  ha\e  been  operated  using  coal  with  ash  as  high 
as  18  and  20  per  cent,  but  the  successful  use  of  such  coal  is 
limited  to  those  furnaces  in  which  the  d'  posit  of  ash  on  the 
charge  of  material  does  not  seriously  affect  the  product. 
For  most  furnaces  of  the  rotary  type  and  for  heating  fur- 
naces, moderately  good  coal  will  do,  that  is  coal  containing 
8  to  10  per  cent  ash.  On  furnaces  for  the  more  refined 
treatment  of  metals,  such  as  the  open  hearth  steel  and  copper 
refining  furnaces,  exact  specifications  should  be  enforced, 
limiting  the  ash  to  3  or  4  per  cent.  Copper  matt  furnaces 
producing  less  refined  copper  than  the  above  will  stand  a 
high  percentage  of  ash.  Tliis  ash,  if  deposited  on  the  charge, 
is  drawn  off  with  the  other  slagged  impurities.  The  one 
fssenlial  of  coal  for  powdered  coal  burning  is  high  volatile 
content.  This  should  be  above  20  per  cent. — William  A. 
Evans. 

The  ty))e  of  furnace  is  the  deciding  factor  in  the  choice  of 
the  coal.     Following  are  two  analyses  which  have  given  very 

salisi'acliny  lesnlls  in  open   hearth  practice: 

No.  1  No.  2 

Aiih 10  5 

Sulphur 1  V^ 

Volatile  matter :i7  unknown 

Moisture 1  ^  I 

Tost  per  tno  delivered J2  50  $3.35 

The  following  coal  has  been  used  for  a  period  of  about 
10  years  for  heating  annealing  ovens: 
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Ash 19.03 

Sulphur 3 .  53 

Volatile  matter. 24  62 

B.tu 11,000 

This  coal  was  obtained  for  $1.70  delivered.  Comparison 
of  the  above  analyses  will  show  the  fallacy  of  predicting 
just  what  grades  of  coal  can,  and  cannot,  be  burned.  The 
consumer  will  have  to  decide  for  himself  what  coal  will  give 
the  highest  economy,  and  can  probably  arrive  at  no  conclu- 
sion without  actual  tests.  One  user  of  the  coal  given  in  the 
second  analysis  has,  after  a  period  of  10  years  of  success 
with  it,  decided  to  change  to  a  coal  containuig  a  much  lower 
percentage  of  ash,  and  consequently  higher  calorific  value. 
The  reasons  given  are,  less  accumulation  of  ash  in  the  fur- 
nace, and  therefore  the  elimination  of  much  of  the  expense 
of  handling  it,  through  the  saving  of  the  cost  of  pulverizing 
and  otherwise  preparing  the  useless  ash,  and  that  due  to  the 
higher  calorific  value  of  the  fuel.  This  would  seem  to  in- 
dicate that  a  more  expensive  coal  containing  less  ash  and 
having  higher  calorific  value  will  decrease  annealing  costs; 
just  how  far  this  theory  can  be  carried  into  actual  practice 
depends  on  the  local  plant  conditions  and  can  probably  be 
determined  only  by  experiment. — A.  W.  Raymond. 

(2)     Experiences  with  Coal  Higli  in  Ash  and  Sulphur. 

The  amount  of  sulphur  present  in  coal  used  for  rever- 
beratory  smelting  is  of  little  or  no  importance  as  the  charge 
to  the  furnace  always  contains  a  large  amount  of  sulphur. 
The  ash,  however,  is  of  great  importance.  At  different  times 
we  have  used  coal  containing  from  5  per  cent  to  10  per  cent 
ash.  When  the  coal  is  burned,  part  of  the  ash  sticks  at  the 
throat  of  the  furnace  in  a  pasty  condition,  and  when  there 
is  as  much  as  10  per  cent  ash,  it  tends  to  build  up  here  and 
eventually  interferes  with  the  smelting.  Usually,  however, 
it  can  be  kept  barred  off  without  much  difficulty. 

Another  portion  settles  in  a  fine  pulverulent  condition  in 
the  flue  chamber  beyond  the  throat.  This  simply  requires 
drawing  out  periodically  with  hoes  through  small  side  doors 
built  in  for  that  purpose.  The  amount  obtained  when  burn- 
ing about  70  tons  of  coal  per  24  hours  is  400  or  500  lb. 

The  greatest  portion  of  the  ash,  however,  settles  on  the 
bath  in  the  furnace  and  forms  part  of  the  liquid  slag.  It  is 
drawn  off  in  that  form  and  of  course  causes  no  difficulty 
whatever,  only  increasing  somewhat  the  amoimt  han- 
dled. 

As  coal  ash  is  high  in  silica  it  is  quite  evident  that  a  basic 
slag  will  combine  with  it  most  readily  and  in  such  a  case  the 
ash  might  be  valuable  as  a  flux.  On  the  other  hand,  an  ad- 
dition of  this  high  silica  ash  to  a  slag  already  high  in  silica 
might  easily  raise  the  melting  point  suflioiently  to  cause  a 
good  deal  of  trouble  and  interfere  seriously  with  the  work- 
ing of  the  furnace. — J.  L.  Agnew. 

We  find  the  ash  rather  troublesome,  but  this  would  not 
have  been  enough  to  condemn  the  coal  had  the  price  been 
low  enough  to  warrant  some  extra  trouble.  In  trying  a  gas 
slack  of  12  per  cent  ash  and  2  per  cent  to  3  per  cent  sulphur, 
we  found  trouble  with  both  the  ash  and  the  sulphur,  the  lat- 
ter throwing  off  very  disagreeable  fumes  in  the  plant. — 
W.  P.  Barba. 

Coals  running  as  high  as  25  per  cent  ash,  5  per  cent  sul- 
phur, have  been  used  with  success  in  cement  manufacture. — 
H.  G.  Barxhurst. 


The  Ingher  the  percentage  of  volatile  matter,  the  better 
the  results  obtained.  In  metallurgical  furnaces  the  percent- 
age of  ash  and  sulphur  should  always  be  kept  as  low  as 
possible,  although  the  sulphur  in  the  coal  does  not  appear  to 
be  absorbed  by  the  iron  to  any  great  extent;  no  more  so 
than  in  the  regular  hand-fired  puddle  and  heating  furnaces. 
The  ash  causes  very  little  trouble  in  furnaces  maintaining 
a  temperature  of  2500  deg.  fahr.  or  over,  and  in  puddle  and 
heating  furnaces,  having  waste  heat  boilers  located  abo\e 
them,  part  of  the  ash  is  deposited  in  the  combustion  cham- 
ber, part  in  the  furnace  proper,  while  the  remainder  is  de- 
posited beneath  the  boilers. 

Very  little  ash  passes  up  the  stack.  The  ash  deposited  in 
the  combustion  chamber  is  removed  by  dropping  the  bottom 
or  through  the  combustion  chamber  door.  The  bottom  is 
made  up  of  easily  removable  grate  bars,  upon  which  rests  a 
layer  of  fine  ash,  which  together  with  the  furnace  brick 
forms  a  pasty  slag.  This  slag  becomes  hard  and  brittle  when 
cool. 

It  is  possible  to  remove  this  pasty  slag  through  the  com- 
bustion chamber  door  several  times  a  day  without  difficulty 
and  to  clean  this  chamber  entirely  once  a  week,  by  pulling 
out  the  grate  bars.  The  ash  which  is  carried  over  the  bridge 
wall  runs  off'  with  the  slag  and  the  remainder  of  the  ash  is 
deposited  under  the  boiler  and  removed  at  the  end  of  each 
week. — John  V.  Culliney. 

In  the  cement  industry,  a  coal  high  in  ash  may  increase  the 
formation  of  clinkers,  particularly  if  the  raw  materials  fed 
to  the  kiln  are  deficient  in  silica.  Otherwise,  a  coal  having 
a  high  percentage  of  ash  causes  only  a  slight  inconvenience, 
due  to  the  removal  of  larger  quantities  of  fine  ash  from  the 
dust  settling  chambers.  In  some  cases  where  the  ash  has  a 
low  fusing  temperature,  trouble  may  be  caused  by  the  forma- 
tion of  an  excessive  amount  of  slag.  Generally  the  presence 
of  sulphur  in  large  or  small  percentages  is  the  cause  of  a 
great  many  difficulties. 

Where  the  coal  is  used  in  drying  furnaces,  such  as  rotary 
dryers,  the  presence  of  sulphur  in  the  coal  will  cause  no  ill 
efl'ects.  but  where  powdered  coal  is  used  to  reduce  nickel 
ores,  copper  ores,  etc.,  especially  in  the  refining  end  of  the 
industry,  the  question  of  sulphur  in  the  coal  should  receive 
careful  attention.  It  has  been  claimed  that  if  the  sulphur  in 
the  coal  is  first  burned  oft'  to  the  dioxide  form  S()_,.  tliere  is 
very  little  danger  of  it  combining  with  a  molten  mass  of 
metal  liaving  a  strong  affinity  for  sulphur.  If,  on 
the  other  hand,  the  powdered  coal  is  not  supplied  with 
the  requisite  amount  of  air  causing  incomplete  combustion 
and  burning  the  sulphur  to  the  monoxide  form  SO,  there  is 
a  great  tendency  of  the  sulphur  to  unite  with  the  molten 
metal,  particularly  so  because  it  is  present  in  an  atmosphere 
of  CO  and  free  carbon,  and  has  no  chance  to  take  on  more 
oxygen.  I  believe  that  even  where  there  is  great  danger  of 
sulphur  absorption,  a  furnace  can  be  constructed  so  that 
little  or  no  sulphur  in  the  coal  will  unite  with  the  metal  hi 
the  furnace,  that  is,  the  sulphur  will  be  burned  to  sulphur 
dioxide  and  there  will  be  an  oxidizing  rather  than  a  reducing 
fiame.— W.  R.  Dunn. 

High  ash  coal  often  introduces  insurmountable  difficulties. 
The  ash  accumulates  so  rapidly  in  the  combustion  chamber 
and  dmgs  so  tenaciously  to  the  walls  that  it  is  almost  im- 
nossible  to  remove  it. — W.  A.  Evans. 
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The  presence  of  siili)iuir  in  tlie  coal  is  imiioitant  only  as 
it  affects  the  material  treated  in  tlie  furnace.  In  this  case  a 
coal  of  low  enou<rh  sulphur  content  must  be  used  to  keep 
the  sulphur  content  in  the  tlnislied  product  below  the  maxi- 
mum allowed  by  specitication.  The  relation  of  the  sulphur 
content  in  tlie  Hnisiied  i))oduct  to  that  in  the  fuel  is  about 
the  same  in  the  case  of  pulverized  eoal  as  of  producer  gas. — 
A.  W.  Hay.moxd. 

(3)  EssentiaU  of  Storage  Bin  for  Powdered  Fuel — Trou- 
bles from  Storage. 
Our  storage  bins  hold  about  (JO  tons  of  powdered  coal 
and  are  kept  practically  full  all  the  time.  The  dust  will  take 
fire  very  easily,  even  a  lighted  match  often  being  enough 
to  ignite  it,  but  it  simjily  smolders  away  harmlessly.  The 
best  way  in  such  a  case  is  to  shut  off  the  supply  of  fresh 
coal  and  use  up  what  is  already  in  the  bin. — J.  L.  Agnew. 

The  sides  of  the  storage  bins  should  be  of  very  sharp  slope 
in  order  to  have  the  coal  How  freely.  It  has  been  apparent 
that  more  (dogging  takes  place  if  tiie  moisture  is  allowed  to 
go  over  1  j)er  cent  than  if  it  is  kept  below.  Probably  the 
interior  smootlmess  of  the  bins  has  much  to  do  with  the  coal 
flowing  down  as  required.  A  great  deal  of  moisture  will 
form  in  the  first  bin  in  which  the  coal  is  stored  after  drying, 
if  the  time  of  storage  is  long,  the  moisture  often  running 
down  through  the  eoal  and  dripping  out  at  the  bottom  of  the 
l)in.  In  the  bin  where  the  pulverized  coal  is  stored  we  have 
found  by  experience  that  by  the  end  of  96  hours  combustion 
is  likely  to  take  place;  and  also  that  such  has  occurred  in 
several  cases  in  less  than  that  length  of  time. — W.  P.  Barba. 

It  is  advisable,  in  storing  large  piles  of  eoal,  to  have  the 
coal  under  roof,  with  at  least  two  sides  of  the  building  open, 
in  order  to  allow  part  of  the  moisture  to  evaporate,  thereby 
lessenmg  the  work  of  the  dryer. 

Pulverized  coal  which  is  damp  should  never  be  stored  for 
any  great  length  of  time,  as  spontaneous  combustion  is  likely 
to  occur.     Dry  coal  can,  however,  be  stored  indefinitely. 

All  hoppers  to  hold  pulverized  coal  should  be  made  with 
two  sides  vei'tical  and  the  other  two  sloped,  at  an  angle  of 
about  .30  deg.  with  tlie  vertical.  This  is  done  to  prevent  the 
coal  from  arching.  The  greater  the  percentage  of  moisture 
in   the   coal,   the   greater   the    tendency   to   arch. — John   V. 

CULLINEY. 

A  good  storage  bin  for  powdered  coal  should  be  free  from 
pockets  or  corners  where  the  coal  is  likely  to  lodge  and  re- 
main stored  for  some  time.  Powdered  coal  stored  for  some 
length  of  time  is  apt  to  ignite,  due  to  spontaneous  action. 
The  bin  should  be  of  ample  capacity,  not  too  large, 
and  should  hold  coal  sutlicient  for  12  to  18  hours'  use.  It 
should  be  covered  with  a  sheet  iron  cover  to  protect  the 
feeding  mechanism  against  foreign  matter  falling  into  the 
bin  and  getting  into  the  working  parts  of  the  feeder;  a 
cover  also  |)revents  the  accidental  introduction  of  sparks  or 
fire.  It  should  by  all  means  be  constructed  of  fire  resisting 
material.  Sheet  iron  bins  are  very  serviceable,  especially 
when  the  coal  stored  is  in  a  dry  condition  and  not  allowed 
to  absorb  moisture  from  the  air.  Wet  coal,  if  it  contains  a 
large  amount  of  sulphur,  generally  causes  rapid  corrosion  of 
the  sheet  metal  plates.  Dry  powdered  coal  is  exceedingly 
hygroscopic  and  it  is  necessary  that  the  coal  in  the  bin  should 
be  kept  as  free  as  possible  from  contact  with  the  atmosphere 
of  the  room. — W.  R.  Dux.v. 


The  bin  should  be  of  a  size  to  carry  over  14  or  10  hours 
without  refilling,  thus  giving  plenty  of  time  for  such  repairs 
as  may  be  required  without  shutting  down  the  furnace.  It 
also  permits  of  operation  of  grinding  plant  during  the  day, 
giving  enough  storage  to  carry  through  night  service.  The 
only  trouble  that  can  come  from  storage  of  powdered  coal 
is  spontaneous  combustion,  when  eoal  is  allowed  to  stand  too 
long  in  bins.  Powdered  eoal  should  always  be  kept  moving, 
not  allowed  to  stand  more  than  one  day  in  case  of  a  temporary 
shut-down  of  plant.  For  any  greater  length  of  time,  the 
powder  should  all  be  drawn  out  of  the  bins.  Spontaneous 
combustion  is  more  likely  to  take  place  with  powdered  coal 
than  with  ordinary  slack  because  of  the  heat  accumulated 
during  the  grinding. — William  A.  Evaxs. 

The  essentials  are  proper  capacity  and  shape  of  bin.  The 
capacity  should  be  large  enougii  to  permit  of  sufficient  eoal 
storage  to  carry  the  funiace  operation  through  any  shut- 
down which  maj'  occur  in  the  grinding  room.  With  the 
proper  equipment  a  24  hour  storage  is  generally  sufficient 
and  absolutely  safe.  Pulverized  coal  when  properly  j)re- 
pared  has  been  stored  without  any  occurrence  of  fire  for 
periods  of  from  a  week  to  ten  days.  Storage  for  such  a  long 
time  as  this  can  only  be  accomplished  without  fire  danger 
if  the  coal  is  delivered  to  the  bins  in  a  thoroughly  dry  con- 
dition and  at  a  comparatively  low  temperature. 

The  bins  should  be  made  and  kept  as  airtight  as  possible. 
A  very  frequent  difficulty  experienced  in  the  storage  bin  is 
a  tendency  for  powdered  coal  to  bridge  over  at  the  bin  out- 
let, and  consequently  stop  llo\ying  into  the  feeder.  Such  a 
condition  is  sometimes  very  hard  to  overcome.  One  very 
large  and  successful  user  of  the  fuel  claims  to  have  elimi- 
nated this  annoyance  by  a  peculiar  construction  of  the  bin. 
The  ordinary  cone  shaped  hopper  is  replaced  by  a  ti'ough 
of  triangular  cross-section  and  a  small  conveyor  is  run  di- 
rectly through  the  coal  along  the  bottom  of  the  trough. 
This  conveyor  can  replace  the  one  generally  used  to  control 
the  amount  of  coal  fed  to  the  furnace,  and  the  equipment 
consequently  becomes  as  simple  and  inexpensive  as  the  one 
previously  used. — A.  W.  Raymond. 

(4)     Xecessitij  for  Drijin(j  Coal  before  Grinding. 

Coal  as  received  runs  from  4  i)er  cent  to  8  per  cent  mois- 
ture, which  should  if  possible  be  reduced  to  1  per  cent  or 
less.  This  is  not  an  easy  matter.  A  small  lump  of  coal  may 
be  ignited  on  the  surface  and  still  not  be  dry  throughout. 
Moisture  is  detrimental  because  (a)  it  reduces  the  capacity 
of  the  grinders,  (b)  it  tends  to  pack  in  the  storage  bins, 
(c)  it  lowers  the  possible  attainable  temperature,  and  {d) 
it  lessens  the  efficiency. — J.  L.  Agnew. 

It  is  essential  to  have  the  coal  dried  to  at  least  1  per  cent 
of  moisture,  both  for  the  ease  of  pulverizing  as  well  as  for 
ease  of  screening  in  the  pulverizer. — W.  P.  Bai?ba. 

AVhere  high  temperatures  are  required,  a  higher  degree  can 
be  obtained  by  the  use  of  dried  rather  than  wet  coal,  as  the 
temperature  of  combustion  will  decrease  with  the  increased 
percentage  of  moisture.  For  instance,  a  coal  containing  3 
per  cent  moisture,  as  it  frequently  does,  if  passed  through 
a  drier  would  give  approximately  a  temperature  of  3200  deg. 
fahr.  when  burned  with  25  per  cent  excess  air,  whereas  the 
same  coal  containing  10  per  cent  moisture  would  give  only 
3000  deg.  when  burned  with  25  per  cent  excess  air.    In  ad- 
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dition  to  the  above,  wet  coal  clogs  the  screens  of  certain 
types  of  pulverizers  considerably,  decreasing  the  output  of 
the  pulverizers  and  also  affecting  its  quality.  AYet  coal  will 
stick  in  bins  and  in  burners. 

Coal  should  be  dried  to  1  per  cent  or  less  before  pulveriz- 
ing, if  possible. — H.  G.  Barnhurst. 

If  it  is  desired  to  obtain  conditions  such  that  the  coal  will 
ignite  instantly,  the  moisture  content  should  not  exceed  one- 
half  of  1  per  cent.  The  coal  on  its  way  to  the  furnace,  after 
it  has  been  dried,  absorbs  additional  moisture,  and  by  the 
time  it  is  ready  to  be  used  it  may  contain  as  much  as  0.7  of 
the  1  per  cent  moisture.  Dry  coal  is  desired  because  it  can 
be  more  intimately  mixed  with  the  air  and  fed  more  regu- 
larly to  the  furnace.  Wet  coal  or  damp  coal  will  clog  the 
feeding  mechanism  and  ejector  tubes,  and  in  addition  to  this, 
it  is  apt  to  form  coke  in  the  furnace  and  the  furnace  tem- 
perature will  not  be  so  high  as  when  dry  coal  is  used. — W.  R. 
Dunn. 

The  necessity  for  drying  coal  is  controlled  by  two  factors, 
the  design  of  tlie  grinding  machine  and  the  capacity  of  the 
plant.  The  tirst  factor  concerns  machines  that  depend  upon 
screens  for  regulating  the  fineness  of  the  coal.  Where 
screens  are  used  coal  must  be  dried.  With  moist  coal  screens 
clog  up.  Machines  that  depend  upon  air  separation 
for  regulating  the  fineness  of  coal  have  no  such  diiliculty. 
They  do,  however,  consume  more  power  when  gi'inding 
moist  coal. 

The  other  factor,  viz.  capacity  of  plant,  is  important  as  it 
has  also  to  do  with  economy  in  building  a  small  plant. 
Where  but  20  or  30  tons  a  day  are  to  be  used  it  is  possible 
so  to  select  coal  as  to  keep  its  moisture  down  to  under  5  per 
cent.  This  can  be  secured  by  shipping  in  boxed  cars  and 
carrying  in  dry  storage  a  sufficient  quantity  to  last  ten  days 
or  two  weeks.  Where  large  quantities  are  used  and  where  it 
is  impossible  to  carry  enough  storage  to  insure  a  continuous 
supply  of  commercially  dry  coal  a  dryer  is  absolutely  neces- 
sary. 

It  will  be  argued  that  there  are  plants  using  coal  that  has 
not  been  dried.  W^here  this  is  done  in  large  quantities  it 
will  be  found  that  the  same  plant  has  other  furnaces  or 
other  means  of  using  up  the  wet  coal  that  comes  to  the  plant 
and  is  able  to  select  the  driest  for  use  in  the  machines  in 
question.  The  writer  has  used  coal  containing  20  per  cent 
moisture.  Although  it  is  possible  to  struggle  through  for  a 
short  time  under  this  condition,  it  is  so  troublesome  that  it 
can  be  put  down  as  a  good  rule  as  not  possible.  Wherever 
undried  coal  is  used  it  is  in  the  direct  delivery  system,  where 
the  coal  is  tired  direct  from  the  pulverizer  to  the  furnace. 
The  storage  system  will  not  work  on  moist  coal;  caking  and 
arching  of  the  coal  in  the  bins  interrupts  the  uniformity  of 
feed. — W.  A.  Evans. 

Burning  wet  coal  introduces  moisture  or  steam  into  the 
furnace,  where  its  presence  is  always  sure  to  prove  a  hin- 
drance to  efBcient  combustion,  and  consequently  prevent  the 
attainment  of  highest  economy. 

Coal  containing  more  than  lyi  per  cent  of  free  moisture 
will  require  more  horeepower  when  being  pulvei-ized,  and 
the  pulverized  product  will  contain  a  much  lower  percentage 
of  impalpable  powder.  Therefore,  it  is  axiomatic  to  say 
that  drying  the  coal  will  prove  economical. — A.  W.  Rayiiond. 


(5)     Fineness  of  (irindiiKj. 

The  finer  the  coal  is  ground  the  more  complete  will  be  the 
combustion.  The  standard  practice  of  95  per  cent  to  pass 
through  a  100-mesh  screen,  and  80  to  85  jjer  cent  to  pass 
through  a  200-mesh  screen  is  good  practice,  and  one  to  which 
we  endeavor  to  adhere. — W.  P.  Barba. 

It  is  customary  in  the  cement  industry  to  grind  coal  to 
such  a  degree  of  fineness  that  95  per  cent  will  pass  through 
a  100-mesh  screen.  The  finer  the  coal  the  greater  its  mois- 
ture absorbing  properties.  Fine  coal  is  also  more  liable  to 
spontaneous  action  than  the  same  coal  more  coarsely  ground. 
— W.  R.  Dunn. 

Standard  practice  was  for  some  time  to  attain  a  fineness 
such  that  90  per  cent  would  pass  through  a  100-mesh  screen. 
This  has  gradually  been  increased  to  a  present  standard  of 
95  per  cent  through  a  100-mesh  screen ;  with  80  per  cent 
passing  a  200-mesh  screen.  Finer  grinding  would  be  very 
desirable  except  for  the  much  increased  cost  for  power. — • 
W.  A.  EVAN.S. 

It  is  generally  accepted  that  coal  which  contains  less  than 
95  per  cent  of  material  which  will  pass  a  100-mesh  test 
sieve  and  less  than  82  per  cent  which  will  pass  a  200-mesh 
sieve  cannot  be  burned  with  the  highest  efficiency  of  com- 
bustion and  the  greatest  economy.  In  direct  contradiction 
to  this  is  the  experience  of  one  of  the  oldest  users  of  the 
fuel  in  annealing  ovens.  In  this  particular  case  the  coal  is 
pulverized  so  that  only  60  per  cent  will  pass  a  100-mesh 
sieve  and  only  .37  per  cent  will  pass  a  200-mesh  sieve. 

It  is  futile  to  expect  a  decrease  in  the  cost  of  fuel  by  pul- 
verizing coarser  than  95  per  cent  through  the  100-mesh  sieve. 
I  think  it  will  be  agreed  that  coal  must  contain  no  particles 
which  wiU  not  pass  through  a  40-mesh  sieve,  and  when  this 
requirement  is  met  there  will  always  be  at  least  95  per  cent 
of  100-mesh  goods  in  the  finished  product.  Consequently 
an  attempt  to  pulverize  coal  so  that  it  will  all  pass  a  40-mesh 
sieve  and,  at  the  same  time,  contain  less  than  95  per  cent 
which  will  pass  a  100-mesh  sieve,  means  the  addition  of  spe- 
cial machinery  whose  maintenance  cost  is  high  and  there  is 
therefore  no  gain  in  economy  in  the  preparation  of  the  coal. 
As  we  cannot  reasonably  expect  a  coarse  degree  of  pulveriza- 
tion to  show  any  added  elficieney  in  the  furnace  over  a  finer 
degree,  there  is  no  hope  of  obtaining  higher  economies  by 
pulverizing  coarser  than  95  per  cent  through  a  100-mesh. 
In  fact,  if  the  proper  equipment  is  used  it  will  be  found 
less  expensive  to  produce  a  coal  containing  95  per  cent  of 
100-mesh  goods  and  from  82  to  85  per  cent  of  200-mesh 
goods,  than  that  of  any  other  fineness. 

As  for  coal  of  a  higher  degree  of  fineness,  we  can  undoubt- 
edly expect  a  higher  efficiency  of  combustion  and  there  will 
also  be  less  annoyance  from  the  ash,  due  to  the  fact  that  it 
is  in  a  more  finely  divided  state.  To  offset  this,  on  the  other 
hand,  there  is  the  added  cost  of  preparation. 

I  believe  the  only  way  the  question  can  be  answered  satis- 
factorily is  by  experiments  with  coals  of  various  fuienesses. 
From  my  knowledge  of  pulverizing  costs  I  can  say  that  the 
degree  of  pulverization  can  be  absolutely  limited  to  98  per 
cent  through  the  200-mesh.  This  degree  can  be  attained 
with  a  comparatively  small  increase  in  preparation,  but  to 
go  further  increases  the  cost  excessively.  All  that  we  know 
at  present  are  the  limits  of  the  field  in  which  to  investigate, 
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viz:  the  coal  must  contain  not  less  than  95  per  cent  through 
tiie  100-mesh  aud  not  more  than  98  per  cent  through  the 
200-mesh.— A.  W.  Raymond. 

(6)      Cost  of  Grinding  and  llnndling^  including  Upkeep. 

The  average  cost  of  grinding  and  delivering  the  coal  to 
the  furnaces  is  about  45  cents  per  ton,  and  is  made  up  as 
follows : 

Centa 

Labor ' 15 

Power 10 

Repairs 14.5 

Coal  for  drj'iDg 5.5 


45.0 


'i'hese  figures  represent  an  average  for  5  months  from 
April  to  August,  1913. 

The  item  "  repairs  "  includes  all  repairs  to  coal  crackers, 
grinders,  conveyors,  fans,  belting,  etc.  Three  men  on  one 
10-hour  shift  are  all  that  are  necessary  to  prepare  and  de- 
liver 70  or  80  tons  to  the  furnace  per  day. — J.  L.  Agnew. 

The  cost  depends  largely  upon  the  amount  of  coal  oper- 
ated upon.  Based  on  200  tons  in  24  hours,  with  coal  at  $1  per 
ton  and  same  coal  being  used  for  power,  the  expense  would 
be,  fuel  for  drying  the  coal,  power,  labor,  supplies  and  re- 
pairs, approximately  17.6  cents  per  ton;  at  $2,  about  21.8 
cents  per  ton;  at  .$3,  about  23.9  cents  per  ton.  These  figures, 
however,  do  not  include  overhead  charges,  interest  or  depre- 
ciation— in  other  words,  the  cost  of  preparing  depends  upon 
the  quantity  to  be  pulverized,  as  well  as  cost  of  labor,  power, 
etc.,  entering  into  the  operation.  Repairs  to  driers  and  mills 
should  not  exceed  2  cents  per  ton,  and  the  power  required 
for  this  operation  should  not  exceed  17-h.p-hr.  per  ton. — 
H.  G.  Barnhurst. 

In  a  mill  having  an  average  output  of  150  tons  per  day. 
the  cost  is  about  40  cents  per  ton. — John"  V.  Culliney. 

The  figures  given  herewith  are  taken  from  a  plant  capable 
of  grinding  140  tons  of  coal  per  24  hours.  As  the  plant 
was  built  about  16  years  ago,  it  contains  more  refinements  and 
larger  storage  space  than  is  considered  good  practice  to-day. 
The  average  cost  per  ton  of  2000  lb.  for  pulverizing  coal 
(.including  interest  on  investment,  5  per  cent  for  deprecia- 
tion and  5  per  cent  for  obsolescence)  is: 


Labor  operuting  department 
Labor  repairs  to  machiner.v. 
Suppliea,  fuel,  power,  etc.  . 

Oils  and  waste 

Repairs 


Cents 

15  64 

1   70 

14  71 

1    25 

4.54 


37.  S4 
Interest,  depreciation  and  obsolescence 1.35 


Total 39   19 

— W.  R.  Dunn. 
The  cost  is  very  well  established  to  be  between  40  and  45 
cents  per  ton,  which,  when  replacing  mine  run  coal,  is  just 
about  taken  care  of  by  the  possible  use  of  slack  coal  at  50 
cents  per  ton  less  than  what  the  mine  run  costs. — W.  A. 
Evans. 

The  cost  will  vary  with  the  local  plant  conditions,  the 
variable  factor  being,  of  course,  tlie  cost  of  handling.  The 
pulverizing  cost  naturally  depends  upon  the  degree  of  pul- 
verization, and  the  amount  of  coal  consumed.     Table  1  will 


give  some  idea  of  how  this  cost  varies,  and  form  a  basis  on 
which  to  calculate  this  cost  for  any  particular  installation. 
The  figures  are  applicable  only  when  the  RajTnond  system 

TABLE  1  COST  FOR  PULVERIZING  COAL 


_ 

„ 

Grind 
one 

O 

i 

H.P.  AT  Vic.  Kw-Hr. 

Labor 

I 

.^t-" 

a 

o  . 

^  c 

Capacity 
ing  Room 
per  Hour 

o 

to 

a 

a 

£ 
o  o 

a 

ll 

1 

§.2 
If 

1 

1 

99 

95 

45 

45.0 

22.5 

20.0 

6.66 

49.16 

2 

95 

82 

45 

22.5 

11.25 

10.0 

3.33 

24  58 

2 

99 

95 

60 

30.0 

15.0 

10.0 

3.40 

28.40 

3 

95 

82 

60 

20  0 

10.0 

6.66 

2.22 

20.88 

3 

99 

95 

85 

28.0 

14.0 

6.66 

2  40 

23.06 

4 

95 

82 

75 

19.0 

9.5 

5.0 

1.70 

16.20 

5 

95 

82 

85 

17.0 

8.5 

4.0 

1.20 

13.70 

6 

99 

95 

170 

28.0 

14.0 

3.33 

2.40 

19.73 

10 

95 

82 

170 

17.0 

8.5 

2.0 

1.20 

11.70 

10 

99 

95 

255 

28.0 

14.0 

2 

4.0 

2  40 

20.40 

25 

95 

82 

425 

17.0 

8.5 

2 

1.7 

1.20 

11.40 

25 

99 

95 

680 

28.0 

14.0 

3 

2.4 

2.40 

18.80 

of  pulverizing  is  used,  and  are  obtained  from  actual  experi- 
ence covering  a  period  of  over  five  years.     Table  2.  from  the 

TABLE  2  FUEL  REQUIRED  TO  DRY  COAL 


Percentage 

of  Moisture 

in  Coal 


9 
10 
11 
12 
13 
14 
15 


Coal  Consfmed  per  Hb.  in  Lb.  in  Opeb.ating  Drter  * 


160  230  350  540  715  900 


Capacity  of  Drier  in  Tons  per  Hr. 


19.5 

15.3 

12.7 

10.7 

9.3 

8.1 

7.2 

6.5 

5.9 

5  4 

5.0 

4  6 

4.2 

3  9 

3.7 


28.1 

43  2 

66.8 

88.9 

25.1 

33.5 

51.8 

68.9 

18.2 

27  5 

42.4 

56.4 

15.5 

23.6 

36.4 

48.4 

13.3 

20.3 

31.3 

41.6 

11.7 

17.7 

27.4 

36.4 

10.4 

15.7 

24.1 

32,1 

9.4 

14.3 

22.0 

29.3 

S.5 

12.8 

19.8 

26.4 

7.8 

11,8 

18.4 

24.4 

7.1 

10.8 

16.7 

22.2 

6.6 

10.0 

15.3 

20.2 

6.1 

9.3 

14.4 

18.9 

5.7 

8  6 

13.3 

17.7 

5  3 

SO 

12.3 

16.3      ■ 

1 

113.0 
86.3 
70.6 
60.6 
52.2 
45.7 
40.2 
36.7 
33.0 
30.4 
27.8 
25.2 
24.0 
21.9 
20.2 


*  Coal  to  have  14,000  B.t  u.  per  lb, 

Ruggles-Coles  Engineering  Company,  will  be  of  service  iu 
calculating  drying  costs. — A.  W.  Raymond. 

(7)     Banger  from  Particles  of  Dust  Floating  in  Air. 

The  grinders,  conveyors  and  bins  are  all  enclosed  and 
very  little  dust  escapes.  We  have  used  o]ien  fires  continu- 
ously in  the  building  where  the  grinding  is  done  and  never 
have  had  an  explosion  or  an  accident  of  any  kind  due  to 
dust  in  the  atmosphere. — J.  L.  Agnew. 

There  is  a  real  danger  from  dust  and  particles  of  pow- 
dered coal  suspended  in  the  air.  Consequently,  we  have 
the  building  in  which  the  pulverizing  is  done  largely  open 
at  the  bottom  and  open  louvers  at  the  top.     Also  we  make 
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it  a  practice  to  keep  the  jjlaut  clean  aiul  tree  from  accumu- 
lations of  loose  dust. — W.  P.  Barua. 

Only  when  floating  or  mixed  with  air  will  pulverized  coal 
puff  or  explode,  if  ignited.  Explode,  however,  is  too  strong 
a  term  to  use  unless  large  quantities  are  involved,  in  which 
case  the  progressive  rise  in  temperature  and  heat  during  the 
puff  might  increase  the  violence  to  an  explosive  degree.  Coal 
being  carried  from  pulverizers  to  bins  should  be  handled  as 
a  solid  material,  and  not  in  the  shape  of  a  dust  cloud,  since 
any  firing  would  engage  the  whole  volume.  Aerial  propul- 
sion for  transfer  of  pulverized  coal  should  be  avoided. 
Leakage  should  be  guarded  against  to  prevent  dirt  or  ac- 
cumulations in  inaccessible  places.  Explosions  occur  only 
when  the  mixture  of  air  suffices  to  supply  oxygen  enough  to 
support  combustion.  A  pulverized  coal  plant  should 
be  kept  dean,  and  it  can  be.  Accumulations  of 
dust  on  beams  or  jjrojections  when  dislodged  may 
in  theory  make  an  explosive  mixture  with  the  air,  but 
such  explosions  are  rare.  Explosion  is  only  combustion  in- 
tensified. It  is  only  through  carelessness  that  any  explosion 
in  the  handling  of  pulverized  coal  could  occur  to-day. — 
H.  G.  Babnhurst. 

Coal  dust  is  dangerous  only  in  a  suspended  state,  that  is, 
surrounded  by  sufficient  air  to  cause  instapt  deflagration. 
Many  pulverized  coal  plants  will  be  found  that  have  coal 
dust  floating  around  in  the  air,  surrounding  the  pulverizing 
machinery.  There  is,  however,  no  excuse  for  this,  since  a 
pulverizing  equipment  may  be  compared  to  a  steam  plant. 
If  a  steam  boiler  can  be  kept  from  leaking  under  a  pressure 
of  100  lb.,  surely  a  pulverizer  can,  in  which  there  is  prac- 
tically no  pressure. — John  V.  Culliney. 

There  is  always  danger  of  fire  from  particles  of  any  kind 
of  dust  floating  in  air  in  a  confined  space  if  fire  or  sparks 
are  allowed  in  that  space.  In  the  case  of  powdered  coal  there 
is  no  excuse  for  dust  escaping  except  in  the  grinding  room, 
which  is  bound  to  bo  somewhat  dirty.  The  protection  is  to 
insist  upon  no  sparks  or  tire  in  the  grinding  room.  Danger 
is  absolutely  eliminated  in  the  case  of  the  direct  delivery 
system,  for  there  is  then  no  powder  escaping. — W.  A. 
Evans. 

Coal  dust  which  is  finer  than  200  mesh  may  be  considered 
extremely  dangerous.  Very  finely  divided  particles  are  liable 
to  ignite  spontaneously.  Coals  which  ignite  below  a  tem- 
perature of  150  degrees  within  one  hour  are  dangerous. 
The  liability  of  coal  dust  to  ignite  spontaneously  is  depend- 
ent upon  the  temperature  of  self-ignition  and  the  time  of 
heating  necessary,  and  increases  in  proportion  to  the  percent- 
age of  oxygen  present  in  the  coal. 

Coal  dust  which  is  suspended  in  air  can  be  ignited  without 
the  presence  of  inflammable  gas.  The  presence  of  moisture 
lessens  the  probability  of  explosion,  and  therefore  dust 
should  be  dampened  with  sprinklers.  The  use  of  stone  dust 
has  been  suggested  for  preventing  explosions,  but  its  value 
in  that  connection  is  doubtful. 

Coal  dust  containing  any  uncombined  hard  material,  like 
silica,  is  very  dangerous  to  health,  usually  producing  a  fibroid 
condition  of  the  lungs. 

In  plants  where  particles  of  dust  are  floating  about  in  the 
air,  it  is  advisable  therefore  to  use  the  following  precautions : 


(a)  permit  no  smoking;  (b)  prohibit  the  use  of  matches; 
(c)  do  not  use  naked  gas  lights;  (d)  have  no  girders  or  open 
beams  on  which  the  coal  dust  may  possibly  lodge;  (e)  use 
only  incandescent  electric  lamps  for  lighting;  (/)  be  sure 
that  all  machinery,  floors  and  walls  are  kept  clean;  (g)  pre- 
vent the  escape  of  dust  by  providing  a  short  and  direct  dis- 
charge to  the  furnace. — Edv^aed  J.  Kelley. 

When  the  atmosphere  in  the  grinding  room  becomes  im- 
pregnated with  coal  dust,  a  condition  exists  which  may  re- 
sult in  a  very  serious  explosion.  This  is,  practically,  the 
only  danger  which  occurs  in  the  handling  of  pulverized  coal, 
and  it  is  entirely  eliminated  by  the  use  of  equipment  in 
which  the  coal  can  be  prepared  without  allowing  any  dust 
to  leak  out  and  permeate  the  surrounding  air  in  the  room. 
— A.  W.  Raymond. 

(8)     Essentials  of  a  Good  Burner. 

Only  one  type  of  burner  (Fig.  1)  has  been  used  here.  It 
has  given  no  trouble.  One  essential  of  a  good  burner  is  that 
the  air  and  coal  supply  must  be  under  complete  control. — 
J.  L.  Agnew. 

The  essentials  are  regular  feed,  ease  and  accuracy  of  con- 
trol and  regulation.  If  these  requirements  are  complied  with 
in  any  type  of  burner,  it  should  be  satisfactory. — W.  P. 
Barba. 

In  a  good  burner  there  should  be  absolute  control  over  the 
flow  of  pulverized  coal  to  the  burner  pipe.  In  other  words, 
it  should  be  so  devised  that  the  clearance  around  the  screw, 
or  other  means  of  transfer,  should  be  small,  so  as  to  prevent 
any  rush  of  coal  by  vacuum  formed  by  blower  in  the 
burner  pipe.  Pulverized  coal  when  mixed  with  air  flows 
easily.  There  are  a  large  number  of  so  called  burners  on 
the  market  which  are  in  reality  fuel  controllers,  and  do  not 
have  anything  to  do  with  the  actual  burning  of  the  fuel. 
In  other  words,  they  feed  the  coal  to  the  burner  pipe  only. 
In  burning  pulverized  coal  absolute  control  must  be  had  for 
regulating  the  quantity  of  air  for  controlling  the  tempera- 
tures.— H.  G.  Barnhurst. 

The  essentials  are:  (a)  uniform  feed,  (b)  proper  mixture 
of  coal  and  air,  (c)  proper  control;  ability  to  vary  coal 
supply,  (d)  simplicity,  (e)  compactness. — John  V.  Cul- 
liney. 

A  burner  should  thoroughly  and  intimately  mix  the  coal 
dust  and  air.  It  should  feed  the  coal  with  absolute  uniform- 
ity to  the  furnace  to  which  it  is  attached,  and  be  so  con- 
structed that  the  air  or  blast  pressure  can  be  varied  to  suit 
the  requirements.  The  feeding  mechanism  should  respond 
instantly  to  the  demands  made  upon  it  by  the  operator.  All 
parts  should  be  accessible  and  readily  removed  for  re- 
newals and  repairs  with  very  little  inconvenience,  and  be  so 
proportioned  that  the  velocity  of  the  coal  leaving  the  burner 
is  not  excessive.  It  should  be  capable  of  burning  coal  to 
within  one-half  inch  of  the  extreme  burner  tip,  and  so  con- 
structed that  the  tendency  to  choke  up  is  reduced  to  a  mini- 
mum. Should  such  choking  occur,  due  to  the  accidental  in- 
troduction of  foreign  matter,  it  should  be  so  made  that  it  can 
be  readily  cleaned. — W.  R.  Dunn. 

The  difficulties  in  the  way  of  obtaining  easily  the  essentials 
of  uniform  feed  of  both  air  and  coal,  thorough  mixture  of  the 
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two,  and  exact  control  of  both,  have  been  tlie  tendency  of 
powdered  coal  to  Hush  through  any  opening  uncontrolled 
and  also  to  cake  and  to  arcli  over  at  the  point  of  delivery 
from  storage  hopper. 

There  are  two  general 
types  of  powdered  coal 
burnei-s  in  use,  those  de- 
pending upon  varying  the 
speed  of  a  screw  conveyor 
for  control,  and  upon  vary- 
ing the  quantity  of  air 
blowing  through  a  stream 
or  small  mass  of  coal.  The 
control  by  air  rather  than 
tiiat  by  screw  conveyor  ot 
variable  speed  seems  to 
work  out  to  the  best  ad- 
vantage, for  the  reason  that 
any  speed  control  is  bound 
to  be  bungling  and  not  ol 
suflfieiently  fine  adjustment. 
On  the  other  hand,  the 
quantity  of  powder  picked 
up  by  a  blast  of  air  in 
passing  through  either  a 
falling    stream    of   coal    or 

forcing  its  way  through  a  small  body  of  the  powder  has  a 
constant  ratio  to  the  air  blast  and  is  subject  to  very  exact 
control.  A  good  burner  should  operate  within  3  per  cent 
variation  in  quantity  of  coal  for  any  number  of  5-minutc 


Fig.  1     Burner  used  in  Met.\li,urgic.\l  Furnace 


ditional  amount  of  air  for  combustion,  usually  at  about  V2 
oz.  pressure. — W.  A.  Evans. 

The  supply  of  coal  should  be  absolutely  under  control, 

and  the  mi.xture  of  the  coal 
in  the  air  uniform.  There 
are  several  burners  on  the 
market  which  very  nearly 
aj)i)roximate  this  result. 
They  are  either  of  the  sy- 
phon type,  in  which  the 
supply  of  coal  is  controlled 
by  air  suction,  or  the  more 
common  screw  conveyor 
type,  which  dejiends  on  a 
variable  s])eed  screw  for 
regulating  the  flow  of  the 
coal.  One  very  good  way 
to  insure  a  uniform  mix- 
ture of  coal  and  air  is  to 
make  the  coal  dust  travel 
through  a  horizontal  pipe 
at  least  6  or  8  ft.  long, 
after  it  is  fed  to  the  air  and 
before  entering  the  furnace. 
— A.  W.  Raymoxd. 


(9)      What  Troubles  are  Likely  to  Occur  with  Burners  in 
General. 

Stoppage  of  the  l)iiriier  is  the  usual  trouble,  which  may 


Fig.  2    Inside  of  Reverber.\tory  Furnace,  looking  toward  the  end  at  which  the  Pulverized  Coal  is  Introduced 


inter\-als  for  any  given  setting  of  its  controller.  In  the  ease 
of  the  air  control  the  blast  of  air  operating  at  about  6  oz. 
picks  up  more  coal  than  it  can  furnish  with  osj-geu,  so  addi- 
tional air  has  to  be  provided  for  combustion.  Two  air  blasts 
are  therefore  provided,  one  for  control  of  the  quantitj^  of 
coal  and  for  conveying  the  coal  from  the  controller  up  to 
the  furnace.    The  other  air  sujaply  is  for  furnishing  the  ad- 


be  caused  by  small  foreign  substances  and  occasionally  by 
the  powdered  coal  arching  over  in  the  bin,  due  possibly  to 
dampness  or  other  causes,  and  then  falling  with  a  sudden 
avalanche  effect,  which,  in  some  cases,  stops  the  burner  or 
blows  a  fuse,  and  in  other  cases  sends  a  heavy  charge  into 
the  furnace  and  the  powdered  coal  which  cannot  be  burned 
forms  a  heavy  smoke. — W.  P.  Barba. 
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Xo  troubles  should  ot-eur  witli  burners  of  jiroiicr  design, 
if  the  coal  is  thoroughly  dried  and  propei'ly  pulverized. — 
H.  G.  Barxhurst. 

The  troubles  found  with  most  controllers  are:  (a)  inability 
to  mix  coal  and  air  properly,  (h)  irregular  feed,  (c)  choking 
up,  and  (rf)  inability  to  control  for  small  furnace  use. — 
John  V.  Cullinf.v. 

Intermittent  and  non-uniformity  of  feed,  choking  up  of 
air  passages,  the  accumulation  of  foreign  matter  in  the  in- 


the  use  of  a  direct  delivery  system  where  the  control  is  all 
obtained,  while  the  coal  is  still  coarse  and  easily  kept  within 
control.  Burners  must  be  placed  within  5  ft.  of  the  furnace, 
for  otherwise  the  coal  will  settle  out  from  the  air  and  the 
thorough  mixture  will  be  disturbed. — W.  A.  Evans. 

(10)  Special  Features  Eequired  in  Powdered  Fuel  Fur- 
nace. 

No  special  features  need  be  introduced  in  a  reverberatory 
furnace  to  make  it  suitable  for  use  with  pulverized  coal.    All 


Fig.  3     Design  of  Furnace  for  Burning  Low-^"oLATII.K,  High  Fixed-Carbon  Fuels 


terior  of  the  burner  to  high  velocity  through  the  discharge 
pipes,  and  unreliability  of  feeding  device  are  troubles  that 
may  occur. —  W.  R.  Dunn. 

The  troubles  that  can  occur  are  interruptions  from  caking 
and  arching  over  as  previously  spoken  of  anil  the  flushing  of 
coal  through  openings  and  along  screw  conveyors  if  used  as 
part  of  the  burner.  Uniformity  of  feed  is  also  possible  of 
some  improvement.    These  troubles  are  entirely  overcome  by 


that  is  necessary  is  to  omit  the  usual  firebox  entirelj-  and  ex- 
tend the  bridge  wall  to  the  roof.  Holes  of  course  will  be  left 
in  the  bridge  wall  for  the  burners  to  pass  througii.  Fig.  2 
shows  the  inside  of  a  reverberatory  furnace  before  being 
put  into  commission  looking  towards  the  end  at  which  the 
imlverized  coal  is  introduced. —  J.  L.  Agnew. 

A  proper  distance  between  the  burner  and  a  bridge  wall 
must  be  designed  so  that  combustion  may  take  place,  the 
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flame  impinging'  upon  tbe  wall,  causing  a  certain  amount  of 
the  asli  to  settle  and  giving  a  proper  distribution  of  heat  on 
the  hearth. — N.  P.  Barba. 

Fig.  3  shows  a  design  of  a  furnace  for  burning  low  volatile, 
high  fixed  carbon  fuels,  such  as  anthracite,  coke  breeze,  etc. 
In  these  furnaces  tlie  blast  passes  down  and  up  and  over  au 
arch,  thereby  surrounding  the  incoming  fuel  and  supplying 
the  heat  necessary  for  the  initial  ignition.  The  main  prin- 
ciple governing  the  design  of  a  furnace  for  burning  pulver- 
ized coal  is  that  it  must  be  sufficiently  large  so  that  coal 
when  burned  will  have  time  to  complete  its  combustion  be- 
fore leaving  the  furnace.  In  open  hearth  furnace  practice  the 
same  condition  exists  as  in  rotary  kilns,  i.e.,  the  fuel  must  be 
projected  and  burned  directly  over  the  bath.  Furnaces  to 
suit  fuel  requirements  for  any  individual  operation  should 
be  designed  especially  for  the  work  in  question. — H.  G. 
Barnhubst. 

In  puddle,  heating,  forge  and  like  furnaces  the  high  pres- 
sure   air    blast    should    range    between    4    and    6    oz.,    the 
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Fig.  5 


Brick  Arch  used  to  Protect  the  Flame  from  the 
Chilling  Effect  of  the  Boiler  Sukface 


low  pressure  or  volume  air  blast  from  1  to  2  oz.  In  all 
experimental  cases  with  air  blast  it  is  always  advisable  to 
begin  with  too  low  a  pressure  and  slightly  increase  it  until 
proper  pressure  is  reached,  rather  than  to  begin  with  a  high 
pressure  and  work  down. — John  V.  Culliney. 

Fig.  4  shows  a  burner  fitted  to  a  reverberatory  furnace. 
No  change  whatever  was  made  in  the  furnace,  which  was 
formerly  heated  with  oil.  The  burner  tip  is  so  constructed 
that  it  is  readily  adjustable.  In  starting  the  furnace,  the 
burner  tip  is  extended  the  full  length  and  after  ignition 
takes  place  it  is  gradually  withdrawn  so  that  it  becomes 
flush  with  the  inner  wall. — W.  K.  Dunn. 

{Topics  10  and  12)  The  essential  I'eatures  for  furnaces  for 
burning  powdered  fuel  aie  emphasized  in  the  almost  com- 
plete failure  to  secure  success  under  boilers.  The  essentials 
are  temperature  of  at  least  2000  deg.  fahr.  throughout  the 
entire  furnace  and  large  combustion  space,  at  least  1  cu.  ft. 
for  each  3  lb.  of  coal  burned  per  hour.  The  boiler  is  essen- 
tially a  low  temperature  furnace,  seldom  going  over  1500 
deg.  fahr.,  and  in  no  case  does  it  offer  sufHcient  space  for 
combustion  out  of  contact  with  the  boiler  surface.  An  idea 
of  the  space  required  under  a  water  tube  boiler  running  at 
modern  high  ratings  is  indicated  in  Fig.  4.  This  is  almost 
prohibitive,  at-  least  for  application  to  any  existing  plants. 
It  would  require  a  vertical  height  of  15  ft.  below  the  tubes  of 


a  000-h.i>.  hciiler  subject  to  peak  loads  of  1800  h.p.  Hori- 
zontal return  tubular  boilers  do  not  present  the  difficulty 
of  space,  tor  they  are  seldom  run  over  rating,  and  are  nor- 
mally built  with  much  larger  combustion  space  throughout 
their  entire  length  than  is  provided  with  any  water  tube 
boiler.     They  do,  however,  give  difficulty  from  low  tempera- 
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Design  of  Furnace  with  Bottom  Side  Slanting  down 
towards  the  Front 


ture.  The  writer  has  never  been  able  to  maintain  combus- 
tion under  a  return  tubular  boiler  except  with  the  assistance 
of  an  auxiliary  igniting  flame,  and  after  protecting  the  flame 
from  the  chilling  effect  of  the  boiler  surface  by  a  brick 
arch,  run  a  considerable  distance  back,  as  shown  in  Fig.  5. 


Fig.  7    Design  of  Furnace  with  Moving  Side  or  Chain  Grate 

The  auxiliary  igniting  flame  was  arranged  as  also  shown  in 
Fig.  5.  It  consisted  of  two  15-in.  square  steel  boxes  5  ft.  long, 
firebrick  lined,  leaving  about  12  in.  square  inside,  and  with 
grate  bars  in  the  bottom.  These  were  set  directly  in  front  of 
the  two  fire  doors  of  the  boiler.  Coal  fire  carried  on  the  grates 
provided  the  necessary  igniting  flame  and  was  assisted  by 
the  close  contact  of  the  white-hot  brick  lining. 

Aside   from   the   difficulty   of   building   combustion    space 
large  enough  and  of  maintaining  combustion,  there  is  little 
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oliaiiee  lor  ]iow(lered  coal  coming  into  general  use  on  water 
tube  boilers.  The  cost  ol'  grinding  eats  up  any  possible 
small  advantage  in  economy  it  might  have  over  the  verj' 
efficient  operation  of  mechanical  stokers.  The  95  to  97  per 
cent  furnace  efficiency  of  the  latter  lea\es  a  very  narrow 
margin  for  improvement;  certainly  not  as  much  as  40  cents, 
the  cost  of  gi'inding  each  ton  of  coal.  That  leaves  the  field 
for  powdered  fuel  boiler  firing  possibly  to  horizontal  return 
tubular  boilers  and  to  a  few  special  conditions,  such  as  waste 
fuel  or  a  fuel  that  cannot  be  burned  on  stokers.  The  writer 
suggests  a  use  that,  to  his  knowledge,  has  not  been  tried. 
It  is  for  peak  loads.  Powdcied  coal  used  only  to  supply  the 
peak  loads  to  heavily  overloaded  boilers  would  veiy  much 
increase  their  capacity,  would  be  in  use  only  for  short  peri- 
ods, would  be  entirely  automatic,  and  might  jirove  of  untold 
values. 

The  writer's  experience  has  been  that  wherever  ash  has  a 
chance  to  deposit  within  the  range  of  the  flame  slag  will 
form  and  be  of  such  a  sticky,  sluggish  nature  that  it  is  next 
to  impossible  to  remove  it.  It  chills  solid  at  1800  deg.,  or 
as  soon  as  any  door  is  opened  to  break  it  out.  It  is  suggested 
that  a  flux  be  used  to  make  the  slag  more  fluid,  so  as  to  allow 
it  to  be  drawn  oil  in  its  fluid  state.  The  writer  has  never 
fried  this. 

A  patent  was  recentlj'  issued  to  a  Pittsburg  concern  in- 
volving the  use  of  a  furnace  with  its  bottom  side  slanting 
down  towards  the  front,  as  shown  in  Fig.  6.  A  narrow 
opening  at  the  lower  end  is  supposed  to  permit  of  drawing 
off  ash  at  the  same  rate  as  it  deposits  on  the  top  surface. 
This  does,  however,  crust  over  on  the  top  surface  so  that  the 
slag  does  not  settle  down  to  the  opening. 

Anothei-  patent  recently  applied  for  involves  the  use  of 
a  moving  side  to  a  furnace  such  as  a  horizontal  chain  grate 
(Fig.  7),  this  grate  to  carry  a  bed  of  cinders  or  other  pro- 
tecting material,  or  even  coal.  Such  a  moving  side  or  chain 
grate  would  continually  remove  the  slag  as  fast  as  deposited, 
and  the  protecting  material  would  form  a  very  desirable 
indestructible  impinging  surface.  This  same  arrangement 
with  coal  used  on  grate  would  permit  of  the  coarser  grinding 
of  the  powdered  coal,  allowing  the  coarse  particles  to  drop 
to  the  grate,  thus  insuring  complete  combustion  regardless 
of  the  coarser  grinding. — W.  A.  Evans. 

(11)  Air  Pressure  Used  and  Effect  of  Stack  Draft  on  Com- 
bustion. 
Coal  is  blown  into  the  furnace  with  air  under  6  or  8  oz. 
pressure.  This  air  supplies  only  a  portion  of  the  oxygen 
required  for  combustion,  the  balance  being  drawn  into  the 
furnace  through  openings  around  or  near  the  burners.  The 
amount  of  air  drawn  through  these  openings  is  dependent 
entirely  on  flieir  area  and  the  stack  draft.  The  latter  should 
be  under  control  by  means  of  a  damper.  The  draft,  at  the 
throat  of  the  furnace  where  the  area  is  about  40  sq.  ft.,  is 
usually  between  1.0  and  1.2  in.  of  wafer. — J.  L.  Agxew. 

The  air  for  atomizing  the  powdered  coal  which  we  have 
used  is  under  4  to  6  oz.  pressure,  but  we  believe  this  to  be 
higher  than  desirable.  The  air  for  combustion  should  be 
very  low  in  \olume.  The  stack  apparently  has  little  effect 
upon  the  combustion  but  is  necessary  to  carry  off  ash  and 
gases. — "W.  P.  Barba. 

In  furnaces  and  in  the  pipes  conveying  the  coal  from  the 
bins,  there  should  be  at  all  times  a  slight  vacuum  maintained 


so  that  leakage  of  any  sort  should  be  toward  and  not  from 
the  furnace.  In  other  words  stack  draft  should  be  sufficient 
to  create  a  slight  vacuum  in  furnace,  and  strong  enough  to 
take  care  of  all  tlie  products  of  combustion. — H.  G.  Barn- 

IIURST. 

It  has  been  found  advisable  to  place  a  damper  on  the  top 
of  the  stack,  keeping  it  almost  closed  during  heating.  With 
the  dami)er  in  this  position  and  the  neck  of  the  furnace  as 
small  as  allowable,  one  obtains  the  best  results  with  pulver- 
ized coal,  both  in  the  saving  of  coal  and  increase  of  furnace 
temperature  and  decrease  of  stack  temperature. — John  V. 

CUI.LINEV. 

The  air  pressui-e  generally  used  is  7  to  9  oz.  per  sq.  in. 
The  stack  draft  should  be  sufficient  to  cari-y  off  the  products 
of  combustion. — W.  R.  Duxx. 

There  is  a  great  \ariance  of  opinion  among  the  various 
users  of  powdered  coal  as  to  whether  it  should  be  fed  into 
the  furnace  by  air  from  an  ordinary  l)lower  or  by  com- 
pressed air.  There  is  no  doubt  that  the  use  of  a  blast  air 
increases  the  life  of  a  furnace,  as  the  flame  does  not  seem 
to  be  quite  so  intense,  and  because  of  the  lower  velocity  a 
tnore  complete  combustion  is  obtained  in  the  combustion 
chamber.  Those  who  uphold  the  use  of  compressed  air  say 
that  it  is  necessary  in  order  to  obtain  high  temperatures. — 
A.  ^Y.  Raymond. 

(12)  Experiences  ivith  Ash  or  Slag  in  Furnace. 

The  ash  deposits  largely  in  the  combustion  chamber,  fall- 
ing in  front  of  the  bridge  wall  as  well  as  the  hearth  and  tail 
of  a  continuous  furnace.  The  slag  is  formed  on  the  heailh 
which  is  removed  by  bars  without  a  great  deal  of  trouble. 
In  the  tail  of  the  furnace  the  ash  is  soft  and  is  usually  pulled 
out  with  bent  bars. — W.  P.  Barba. 

The  ash  from  the  ordinary  anthracite  does  not  slag  even 
though  allowed  to  remain  in  the  furnace  for  a  considerable 
length  of  time.  Soft  coal  ash,  however,  in  most  cases  will 
settle  down  to  the  bottom  of  the  furnace  and  if  allowed  to 
remain  too  long  will  slag.  Most  of  the  ash  where  pulverized 
coal  is  burned,  passes  out  to  the  air  above  the  chimney; 
what  remains,  if  promptly  removed,  is  easily  cared  for. — 
H.  G.  Barnhurst. 

In  regard  to  ash  trouble,  it  might  be  said  that  onlj-  in  fur- 
naces operating  at  a  temperature  of  2000  deg.  fahr.  or  less, 
is  there  any  trouble  of  this  kind.  Tliis  difficulty  is  overcome 
by  placing  hoods  over  the  door  of  the  furnaces  and  connect- 
ing them  to  a  suction  fan  which  deposits  the  ash  into  a  col- 
lector of  the  cyclone  separator  type. — John  V.  Culliney. 

In  the  Portland  cement  industry  the  formation  of  slag  in 
the  furnaces  is  unknown.  The  ash  is  generally  collected  in 
a  dust  chamber  in  the  rear  housing  of  the  kiln. — W.  R. 
Dtjnn. 

(13)  TIV/a{    Temperatures   are  Maintained  in   Furnaces — • 
Influence  of  Temperature  on  Formation  of  Slag. 

The  working  temperature  of  the  furnace  at  its  hottest 
part  is  about  2800  deg.  fahr.  This  could  be  readily  in- 
creased if  desired,  but  the  briclnvork  of  the  furnace  would 
then  suffer  too  severely.  When  working  at  the  above  tem- 
perature from  5  to  6  tons  of  material  are  smelted  by  1  ton  of 
coal.     The  kind  of  slag  formed  is  determined  bv  the  nature 
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of  the  charge  and  should  preferably  run  about  33  per  cent 
to  35  per  cent  silica.  Such  a  slag  -will  How  from  the  fur- 
nace perfectly  liquid  at  the  prevailing  temperature  and  also 
allow  of  a  good  separation  from  the  matte. — J.  L.  Agnew. 

Furnace  temperatures  can  be  controlled  from  1800  to  3500 
deg.  fahr.  If  the  air  is  preheated,  there  is  no  doubt  but  that 
considerably  lower  temperatures  can  be  readily  controlled, 
provided  the  temperature  of  furnace  is  above  the  kindling 
temperatures  of  the  fuel.  Slag  is  formed  more  easily  with 
high  temperatures  than  with  low.  Hence  with  thorough  con- 
trol of  the  burning  mixture,  serious  results  can  be  avoided. 
— H.  G.  Barxhurst. 

The  highest  temperature  in  a  rotary  cement  kiln  is  approx- 
imately 2600  deg.  fahr.  Temperatures  high  enough  to  melt 
nickel  readily  have  been  obtained  with  pulverized  coal  in 
reverberatory  furnaces. — W.  R.  Dunn. 

(14)  Experience   with   Checkerixork  in  Hetallurgical  Fur- 
naces. 

None  is  used  here,  but  tb«  waste  heat  is  utilized  for  gen- 
erating steam  in  a  boiler  set  in  the  flue.  It  is  estimated  that 
about  500  h.p.  could  be  obtained  in  this  way  from  the  waste 
heat  of  one  furnace  when  burning  about  70  tons  per  day. — 
J.  L.  Agnew. 

In  regard  to  this  item  the  only  furnaces  which  we  have 
had  experience  with,  where  eheckenvork  would  enter  into 
the  construction,  are  those  in  connection  with  open-hearth 
furnaces,  and  it  has  been  found  that  no  serious  trouble  arose 
with  the  cheekerwork  or  baffle  walls.  Checkerwork  should 
be  so  designed  that  there  is  no  horizontal  or  level 
places  on  which  the  ash  could  settle.  We  have  not  heard 
of  any  serious  complaints  with  eheekenvork — in  fact,  we 
know  of  one  open-hearth  furnace  where  152  consecutive 
heats  were  obtained  before  furnace  brick  work  necessitated 
shutting  down  for  repairs,  and  there  was  no  serious  closing 
up  of  the  checkerwork.  The  furnace  brick  work  gave  out 
before  the  checkerwork  was  choked  up  in  any  way. — H.  G. 
Barnhurst. 

In  small  singeing  furnaces,  a  system  of  checkerwork  acted 
as  a  bar  to  complete  combustion  and  resulted  m  the  forma- 
tion of  a  considerable  quantity  of  coke. — W.  R.  Dunn. 

(15)  Life  of  Furnace  as  Compared  with  Furnaces  tising 
Other  Fuels. 

The  life  of  a  reverberatory  furnace  is  not  adversely  af- 
fected by  the  use  of  pulverized  coal.  As  a  matter  of  fact  it 
is  probably  prolonged.  On  account  of  the  uniformity  of  the 
heat,  the  contractions  and  expansions,  which  are  unavoidable 
when  grate  firing  is  used,  are  done  away  with  completely 
and  consequently  the  furnace  is  much  more  likely  to  have 
a  long  life. — J.  L.  Agnew. 

It  is  our  opinion,  without  definite  data  to  substantiate  it, 
that  the  life  of  a  furnace  rmming  with  powdered  coal  is 
greater  than  that  of  a  furnace  using  oil.  ■  We  may  safely  say 
at  least  that  the  use  of  powdered  coal  does  not  appear  notice- 
ably to  injure  the  furnace. — VI.  P.  Barba. 

The  life  of  furnaces  using  pulverized  coal  naturally  de- 
pends upon  the  type  of  furnace.  Rotary  kilns  using  pul- 
verized coal,  where  the  heat  is  being  carried  out  with  the  out- 
going clinker  and  is  not  cumulative  in  its  effect,  have  linings 


which  last  from  8  months  to  IG  months;  the  lining,  however, 
is  subject  to  erosion  by  raw  materials  and  clinker.  The  life 
of  furnaces  using  pulverized  coal  is  equal  to  that  of  hand- 
fired  or  oil-fired  furnaces.  With  proper  furnace  control  and 
using  pulverized  coal  properly  prepared  the  brick  work 
should  last  just  as  long  as  when  using  any  other  kind  of 
fuel. — H.  G.  Barnhurst. 

The  life  of  the  furnace  is  about  the  same  as  the  life  of  a 
furnace  using  fuel  oil.  I  have  known  of  cases  where  rotary 
kilns  in  the  portland  cement  industry  have  retained  their 
original  lining  for  a  period  exceeding  26  months. — W.  R. 
Dunn. 

Pulverized  coal  furnaces  operated  at  low  air  pressures  will 
last  longer  than  the  ordinary  hand-fired  furnaces.  By  using 
too  high  air-pressure  the  bridge  wall  and  roof  of  the  furnace 
are  destroyed  and  also  the  furnace  waste  is  increased. — John 

V.   CULLINEY. 

(16)  Items  of  Expense  or  Economy  in  the  Plant  as  a 
Whole,  due  to  Use  of  Powdered  Fuel. 

The  main  item  of  esjiense  in  the  use  of  pulverized  coal  is 
the  installation  of  the  necessary  plant  for  grinding  the  coal 
and  distributing  the  dust  to  the  points  where  it  is  to  be 
burned.  Next  to  this  would  come  the  power  required  and  the 
repairs. 

To  offset  these  items  of  expense  the  labor  required  is  less 
with  dust  firing  than  with  the  usual  method.  The  latter 
would  require  at  least  double  the  number  of  men  and  the 
work  would  be  of  a  much  more  trying  kind.  There  would 
also  be  a  considerable  amount  of  ash  and  clinker  to  dispose 
of  each  day  and  an  unavoidable  loss  of  partly  burned  coal 
would  occur  in  this  material. 

The  gi'eat  advantage,  however,  of  pulverized  coal  firing 
is  in  the  efficiency.  The  heat  is  uniform  and  under  perfect 
control,  the  combustion  is  complete  and  takes  place  where  it 
will  do  most  good,  but  above  all  there  is  no  delay  for  grating 
with  an  accompanying  drop  in  temperature.  The  furnace  is 
always  working,  and  working  at  a  uniform  rate,  both  of 
which  points  are  essential  to  efSciency. — J.  L.  Agnew. 

Under  the  maximum  production  in  a  powdered  coal  instal- 
lation it  is  probable  that  a  good  economy  can  be  obtained. 
In  our  own  case,  on  account  of  slackness  in  manufacture  for 
which  the  powdered  coal  plant  was  installed,  we  have  been 
unable  to  run  economically  or  get  any  data  on  what  we  may 
expect  under  the  best  conditions. — W.  P.  Barba. 

The  economy  of  an  installation  for  preparing  pulverized 
coal  as  a  fuel  naturally  depends  upon  the  price  of  other  fuels 
obtainable.  The  economy,  however,  obtained  in  the  use  of 
pulverized  coal  as  against  hand-fired  furnaces  in  certain 
types  of  furnaces  is  remarkable. 

In  furnaces  for  heating  billets,  from  20  to  25  per  cent  has 
been  saved;  in  open-hearth  furnaces  in  comparison  with 
producers,  from  30  to  40  per  cent;  in  puddling  furnaces, 
from  33  to  50  per  cent;  in  heating  and  bushelling  furnaces, 
20  to  25  per  cent.  These  figures  are  authentic  and  can  be 
verified.  The  principal  items  of  expense  are  naturally  the 
cost  of  preparing  pulverized  coal.  The  advisability  of  mak- 
ing a  pulverized  coal  installation  naturally  depends  on 
whether  the  saving  obtained  by  increased  efficiency  of  burn- 
ing wiU  overcome  the  additional  cost  of  preparing  the  fuel. 
— H.  G.  Barnhurst. 


370 


TOPICAL     DISCUSSION     OX     POWDERED     FUEL 


The  saving  by  the  use  of  pul\erized  coal  is  made  up  large- 
ly ot  («)  practically  perfect  combustion,  (b)  no  handling  of 
coal  or  ash  (c)  no  poking  or  dinkering,  and  (d)  constant 
and  uniform  heat,  resembling  a  gas  fire  and  as  easily  con- 
trolled. 

One  other  item  wiiieh  miglit  be  mentioned  is  the  use  of 
preheated  air.  By  passing  preheated  air  into  a  furnace  at, 
say  000  deg.  fahr.,  the  number  of  B.t.u.  requii-ed  to  heat  this 
air,  in  the  combustion  chamber,  from  room  temperature  to 
COO  deg.  fahr.  is  .-'aved.  The  saving  is  not  made  up  of  tliis  item 
alone  but  also  by  the  increase  of  furnace  etliciency.  That  is 
(a)  more  heats  per  hour,  (b)  higher  furnace  temperature, 
(c)  uniform  temperature,  (</)  less  ash  deposited  on  hearth 
of  furnace. 

In  furnaces  having  waste  heat  liorizuiital  lioilors  above 
them,  wrought-iron  pipes  are  placed  in  the  boiler  setting 
underneath  the  boiler.  This  robs  the  boiler  of  very  little  heat 
and  at  the  same  time  causes  a  saving  of  about  15  per  cent 
in  the  amount  of  coal  used. 

In  .small  furnaces  the  pre-heated  pipes  are  placed  under- 
neath heartli. 

The  American  Iron  &  Steel  Manufacturing  Company  have 
forging  furnaces  operated  daily  for  the  last  nine  years  on 
puherized  coal.  These  furnaces  range  in  size  from  20  in.  by  36 
ill.  to  7  ft.  by  16  ft.,  and  are  used  for  heating  bolt,  nut.  spike 
and  rivet  bars  and  also  for  puddling,  bushelling  and  heating. 
Drop  forge  for  both  small  and  large  hammers. 

Operating  under  normal  conditions,  we  use  about  260  tons 
(gross)  of  pulverized  coal  per  day. — John  V.  Culliney. 

The  chief  item  of  economy  in  the  use  of  powdered  coal 
is  the  enormous  saving  effected  as  compared  to  the  use  of 
fuel  oil.  Another  item  of  economy  is  the  saving,  due  to  a 
large  elimination  of  labor  expense. 

Another  great  saving  is  effected,  due  to  the  perfect  com- 
bustion of  the  coal.  There  are  no  uuburned  clinkers — the 
cliief  item  of  expen.se  is  the  cost  for  power  in  grinding  the 
coal. — W.  K.  Dunn. 

DISCUSSION 

A.  (j.  Christie:  Referring  to  the  boiler  shown  in  Fig.  8, 
I  was  in  England  about  four  years  ago  and  had  the  pleasure 
of  seeing  one  of  the  first  units  of  this  type  in  operation. 
During  a  visit  there  last  year  I  went  out  again  to  see  the 
same  plant,  and  they  reported  quite  favorably  on  the  instal- 
lation. It  was  the  works  of  the  makers  themselves,  where  the 
boiler  had  been  in  practically  continuous  service  under  ordi- 
nary operating  conditions  in  connection  with  their  plant, 
supplying  steam  to  the  engines  of  their  plant  and  also  for 
their  test  floor. 

While  at  tlie  plant  I  asked  the  fireman  to  shovel  out  some 
of  the  ash  which  was  dripping  down  into  the  ash  pit  and 
1  brought  some  of  it  away  as  an  exhibit  to  those  here  who 
would  be  interested  in  that  boiler.  The  ash  comes  down  as 
a  slag  from  the  brick  and  is  shoveled  out  in  the  form  of  small 
drippings  from  the  lining  of  the  furnace.  It  does  not  seem 
to  form  any  solid  mass,  and  is  easily  broken  up  with  a  shovel. 
The  operators  reported  very  favorably  in  regard  to  opera- 
tion and  economy.  It  required  very  little  care  to  keep  the 
plant  in  operation  and  very  little  attendance  from  the  fire- 
man. 

These  boilers  are  used  quite  largely  in  South  Africa,  where 


they  have  a  coal  which  dusts  badly  after  it  is  mined.  Many  , 
of  the  coals  in  the  Canadian  West  have  the  same  character- 
istics. They  are  not  coking  coals  and  disintegrate  as  soon 
as  they  are  exposed  to  the  air,  due  largely  to  the  heavy  rock 
pressure  to  which  they  have  been  subjected.  It  may  be  that 
this  boiler  will  be  applicable  to  that  type  of  coal,  i.e.,  one 
which  does  not  coke  and  which  powders  badly  on  exposure 
to  air. 

George  E.  Pfisterer:  I  have  had  some  experience  in  five 
use  of  oil  to  take  care  of  peak  loads  for  central  station  work. 
Peak  loads  are,  as  is  well  known,  not  like  normal  loads,  an  1 
it  is  often  very  hard  to  handle  them,  particularly  when  a 
certain  equipment  is  more  or  less  limited  in  capacity.  A 
peak  load  is  the  source  of  high  maintenance  cost  because  of 
the  extra  boiler  equipment  necessary,  and  also  high  oper- 
ating cost  because  of  the  banked  fires  which  have  to  be 
maintained.  It  is  easily  the  hardest  part  of  your  boiler  room 
work  to  handle,  and  it  might  be  possible,  under  certain  con- 
ditions, that  pulverized  fuel  will  be  able  to  take  care  of  the^e 
peak  loads  without  extra  boiler  equipment,  or  without  loss 
of  coal  due  to  banking. 

The  use  of  powdered  coal  is.  I  believe,  more  or  less  an 
experiment ;  there  have  been  only  about  ten  or  twelve  cases 
in  which  pulverized  coal  experiments  have  been  tried  out. 
and  in  most  all  of  these  cases,  the  relative  efficiency,  as  com- 
pared to  the  best  modern  boiler  practice,  has  only  been  in- 
creased 10  per  cent  gross,  or  a  net  increase  of  15  per  cent. 
The  other  points,  however,  in  regard  to  maintenance,  adap- 
tability and  convenience  of  powdered  fuel,  do  not  recom- 
mend it  for  every  condition,  and  consequently  stokers  will 
probably  maintain  the  place  thej'  have  always  held.  For 
peak  loads,  it  might  be  possible  to  utilize  powdered  fuel  to 
tide  over  for  a  couple  of  hours,  and  the  extra  cost  of  equip- 
ment might  be  low  as  compared  to  the  reduced  fuel  cost  that 
might  result  while  taking  care  of  these  peak  loads.  If  we 
could  get  a  stoker  which  would  run  continuoush'  for  24 
hours  at  a  uniform  rate,  and  would  not  have  to  be  handled 
or  disturbed,  we  could  increase  the  efficiency  to  a  consider- 
able extent,  probably  3  or  4  per  cent,  and  if  we  could  use 
pulverized  fuel  to  tide  us  over  peak  loads,  it  might  be  pos- 
sible to  reduce  the  coal  cost  per  kw.  hour  very  considerably. 

Powdered  fuel  in  connection  with  locomotives  has  been 
practically  untried.  I  know  of  one  case  where  it  was  tried, 
but  was  very  soon  abandoned,  the  results  obtained  being  not 
worthy  of  any  further  expenditure  of  money.  The  greatest 
trouble  was  that  the  grates  would  become  clogged  in  a  very 
short  space  of  time,  so  that  the  feeding  of  coal  had  to  be 
discontinued,  and  the  steam  pressure  would  consequently 
drop. 

L.  E.  Osborne  :  As  a  large  number  of  the  members  attend- 
ing the  Spring  Meeting  observed  the  working  of  the  Street 
locomotive  stoker  on  Burlington  locomotive  No.  6001  at 
Grand  Crossing,  Wis.,  I  wish  to  suggest  that  with  this 
stoker  firing  coal  containing  a  considerable  percentage  of 
fine  coal  and  coal  dust,  we  have  a  condition  to  some  extent 
similar  to  the  burning  of  powdered  fuel.  As  was  seen,  this 
machine  blows  the  coal  over  the  grate  area  with  three  jets. 
The  very  finest  coal  is  burned  in  suspension  and  does  not 
reach  the  grates.  This  stoker  can  successfully  fire  coals 
containing  a  large  percentage  of  very  fine  coal  and  which 
cannot  be  successfully  fired  with  the  shovel. 
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Chas.  Whiting  Baker:  This  discussion  on  burning-  pow- 
dered coal  throws  light  on  the  question,  once  much  discussed 
in  technical  literature,  as  to  whether  the  presence  of  water 
vapor  in  a  boiler  furnace,  such  as  is  furnished,  for  instance, 
by  a  steam  jet  blower,  adds  to  or  detracts  from  the  efficiency 
of  the  furnace.  The  weight  of  scientific  opinion  has  al- 
ways been  that  the  admission  of  water  to  the  furnace, 
whether  as  moisture  in  the  coal  as  steam  from  a  blower,  or 
otherwise,  is  detrimental  to  efliciency.  It  has  been  claimed, 
however,  that  where  the  water  was  admitted  in  such  a  way 
as  to  be  decomposed  to  fona  water  gas,  which  was  later 
l)urned  to  CO.,  a  more  complete  combustion  of  the  coal  was 
attained  and  tliere  was  less  loss  due  to  incomplete  combus- 
tion. 

The  universal  testimony  in  these  papers  and  discussions. 
however,  is  that  with  powdered  coal  the  moisture  in  the 
coal  must  be  reduced  to  the  lowest  point  to  facilitate  the 
distribution  of  the  dust  by  the  blast,  and  further,  that  this 
dried  coal  burns  perfectly  to  CO.,  notwithstanding  the  ab- 
sence of  moisture. 

LoREX  L.  Hebberd  (written)  :  It  has  been  brought  out  in 
the  paper  on  Pulverized  Coal  for  Steam  Making,  that  the 
most  important  features  or  difficulties  encountered  are  the 
disposal  of  incombustibles  and  the  maintenance  of  the  fur- 
nace. When  these  troubles  are  sidestepped  by  the  use  of 
excess  air  other  serious  faults  are  introduced ;  first,  the  in- 
combustible in  the  form  of  dust  is  either  deposited  through 
the  boiler  passes  or  is  earned  out  the  stack;  second,  the  effi- 
ciency and  capacity  suffers  to  such  an  extent  that  the  sys- 
tem may  become  an  economic  failure. 

It  would  tlierefore  seem  that  the  trend  of  experimenta- 
tion should  be  to  develop  a  furnace  and  a  refractory  mate- 
rial to  withstand  the  heat.  Under  such  conditions  the  ash 
would  lie  slagged  and  the  design  must  necessarily  provide 
for  its  frequent  removal.  When  these  conditions  are  satis- 
fied then  high  capacity  and  efficiency  will  necessarily  foUow. 
No   douljt   past   investigators   have   satisfied   themselves  that 


liiis  is  impossible,  but  tliat  does  not  prove  that  it  will  not 
be  accomplished. 

Of  the  various  types  of  apparatus  described  in  this  paper 
it  would  appear  that  the  Bettington  boiler  is  a  big  step  in 
the  right  direction  and  will  lead  eventually  to  successful 
results. 

■J.  G.  Coutant:  The  American  Iron  &  Steel  Mfg.  Co. 
Iiave  a  dust  collecting  system  installed  in  connection  with  all 
small  furnaces,  which  embraces  hoods  over  all  furnaces  so 
arranged  as  to  collect  all  dust  and  gases  issuing  from  the 
front  of  the  furnaces  over  the  work.  The  hoods  are  all  con- 
nected with  a  heavy  galvanized  iron  pipe  through  which  the 
gases  and  dust  are  exhausted  by  a  steel  plate  fan  which  dis- 
charges into  a  cyclone  type  dust  collector.  The  gases  sud- 
denly admitted  into  the  enlarged  area  lose  most  of  their 
velocity  and  escape  through  an  opening  in  the  top  to  a 
stack;  while  the  heavier  dust  and  ash  matter  falls  through 
tlie  discharge  orifice  into  a  bin.  With  this  system  gases  of 
.500  deg.  to  600  deg.  Fahr.  are  handled  at  3  oz.  vacuum  and 
about  500  lb.  of  ash  collected  daily. 

Chas.  J.  Davidson  :  It  has  occurred  to  me  that  in  attempt- 
ing to  make  the  use  of  powdered  fuel  general,  particularly 
in  boiler  furnaces,  there  is  a  serious  obstacle,  which  ap- 
parently has  not  received  serious  consideration.  I  refer  to 
the  ash  in  finely  divided  particles,  which  is  carried  up  the 
stack  with  the  products  combustion,  and  thereafter  falls  on 
the  roofs  or  surrounding  buildings  and  other  objects  which 
are  exposed,  and  in  the  streets.  In  cement  mills,  lime  kdlns, 
etc.,  this  probably  is  not  a  serious  consideration.  But, 
should  an  attempt  be  made  to  use  this  form  of  fuel  iu  cities, 
wliile  there  might  be  no  visible  smoke,  the  residue  referred 
to  is,  generally  speaking,  much  more  objectionable  than 
smoke  co-called,  and  might  become  a  great  nuisance  and  be 
legally  prohibited.  I  would  appreciate  it  very  much  if  tht)se 
who  have  had  experience  along  this  line  would  elucidate  theii 
ideas  relative  to  this  detail  of  the  subject. 
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CHARLES    HAZELTIXE    BASSHOR 

Charles  Hazeltine  Basshor  was  born  ui  Baltimore,  Md., 
May  30,  1871.  and  died  at  his  home  near  Cambridge,  Md., 
August  22.  1914.  He  was  educateil  at  private  schools  in 
Baltimore.  His  shop  experience  and  apprenticeship  was 
served  under  his  father,  Thomas  C.  Basshor.  Upon  his 
father's  death  he  succeeded  him  as  head  of  the  Thomas  C. 
Basshor  Company  of  Baltimore,  and  continued  the  business 
until  about  two  years  ago,  when  he  retired. 

Mr.  Basshor  was  a  member  of  the  Engineers'  Club  of  New 
■^'ork,  the  Maryland  Club,  the  Keiuiels,  the  Green  Spring- 
Hunt  Club,  the  Baltimore  Country  Club,  and  the  Cambridge 
Yacht  Club. 

QUUIBY    N.    EVANS 

(juimby  N.  Evans  was  born  August  15,  1845,  at  Lovell, 
Me.,  and  had  a  common  school  education  at  Freyburg,  Mass. 
He  served  an  apprenticeship  witli  the  Pitkin  Brothers,  steam- 
fltters.  at  Hartford,  Conn.,  and  later  entered  the  Walwortli 
Manufacturing  Company  and  then  the  Walker  &  Pratt  Com- 
pany, in  Boston,  Mass.  He  left  the  latter  company  to  be- 
come chief  engineer  at  the  Boylston  Hotel. 

In  1880  Mr.  Evans  formed  a  iiartnership  with  Frederick 


Tudor,  under  the  name  of  Tudor  &  Company,  and  engaged 
in  the  steamfitting  business,  and  in  1881  entered  into  a  part- 
nership with  Mr.  Joslj-n,  as  Q.  N.  Evans  &  Company  of 
Boston  and  New  York.  Several  years  later  Mr.  Evans  en- 
tered the  Otis  Elevator  Company  of  New  Y'ork  as  superin- 
tendent of  construction,  but  in  1885  he  again  returned  to  the 
steamfitting  business,  forming  the  corporation  known  as  the 
Q.  N.  Evans  Construction  Company.  This  concern  was  main- 
tained under  that  name  until  1895  w-heu  the  present  firm  of 
Evans,  Almirall  &  Company  was  formed. 

During  his  early  connection  with  the  Q.  N.  Evans  Con- 
struction Company,  they  designed  and  installed  the  heating 
and  ventilating  systems  in  the  Leake  and  Watts  Orphan 
Asylum  of  New  York,  the  Criminal  Court  House  of  New 
York,  and  the  English  and  Latin  School,  and  also  the  heat- 
ing and  ventilating-  plant  in  the  original  capitol  building  in 
Albany.  N.  Y.     He  died  on  .July  7,  1914. 

Mr.  Evans  was  a  member  of  the  Montauk  Club  of  Brook- 
lyn, N.  Y. 

JOHN    DOWNING  LOGAN 

.John  D.  Logan  died  at  his  home  in  Hillsdale.  N.  Y.,  on 
March  15,  1914.     Mr.  Logan  was  born  on  January  14,  1863, 
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in  Brooklyn,  N.  Y.,  and  was  educated  in  the  public  schools 
of  Brooklyn.  Tor  a  time  he  attended  the  Polytechnic  Insti- 
tute of  that  city  and  was  graduated  from  Columbia  College 
in  1884.  He  served  his  apprenticeship  with  John  Roach  & 
Sons,  shipbuilders,  at  Chester,  Pa.,  and  in  1885  entered  the 
Logan  Iron  "Works  in  Brooklyn,  of  which  he  was  for  many 
years  secretary  and  superintendent. 

Mr.  Logan  was  regarded  as  one  of  the  most  siirewd  and 
intelligent  of  engineers,  and  was  frequently  sought  out  to 
solve  some  very  difficult  problem.  He  made  many  improve- 
ments in  steel  working  machines,  which,  however,  he  never 
patented.  He  was  responsible  for  the  simplification  and  im- 
proving of  the  shields  used  in  the  tunnels  on  both  the  North 
and  East  Rivers. 

Mr.  Logan  was  also  secretary  of  the  Logan  Real  Estate 
Comjiany,  and  was  a  member  of  the  Illuminating  Engineers 
Society. 

WILLIAiC  BLEECKER  POTTER 

WilUam  Bleeeker  Potter,  founder  and  manager  of  the  St. 
Louis  Sampling  &  Testing  Works  and  one  of  the  best  known 
mining  engineers  and  metallurgists  in  the  United  States,  died 
at  his  home  in  St.  Louis  on  July  14, 1914. 

Mr.  Potter  was  bom  in  Schenectady,  N.  Y.,  March  23, 
184G,  and  received  his  A.B.  degree  at  Columbia  in  1866,  his 
A.M.  in  1869,  and  his  E.M.  in  the  School  of  Mines,  Columbia, 
in  1869.  After  his  graduation  he  studied  for  a  time  in  Ger- 
many. He  acted  as  assistant  in  geology  at  Columbia  from 
1869  to  1871,  and  was  an  assistant  in  geological  survey  in 
Ohio. 

In  1871  he  was  appointed  professor  of  mining  and  metal- 
lurgy in  Washington  University,  the  year  in  which  this  chair 
was  founded,  and  remained  at  the  head  of  the  department, 
which  had  a  phenomenal  growth,  until  1893.  The  department 
was  abandoned  after  his  resignation. 

He  founded  the  St.  Louis  Sampling  &  Testing  Works  in 
1886  as  a  metallurgical  and  chemical  laboratory  for  the  bene- 
fit of  the  students  of  Washington  University. 

In  1880  he  was  placed  on  the  board  of  the  Jlissouri  Geo- 
logical Survey  and  sen-ed  until  1893.  He  was  an  assistant 
in  geological  survey  in  Missouri  from  1872  to  1874,  engi- 
neer of  the  Pilot  Knob  Iron  Company,  1874  to  1878,  metal- 
lurgist for  the  Vulcan  Iron  and  Steel  Works,  1876  to  1878, 
and  chief  engineer  of  the  Iron  Mountain  Mining  Company 
from  1882  to  1893. 

Mr.  Potter  was  widely  known  both  as  a  practising  and 
consulting  engineer.  He  was  a  past-president  of  the  Ameri- 
can Institute  of  Mining  Engineers  and  of  the  St.  Louis  En- 
gineers' Club,  and  a  member  of  the  Mining  and  Metallurgical 
Society  of  America,  and  a  corresponding  member  of  the  New 
York  Academy  of  Science,  Wisconsin  Academy  of  Science 
and  National  Geographic  Society. 

He  received  the  honorary  degree  of  Sc.D.  from  Columbia 
University  in  1904  in  recognition  of  his  services  in  the  field 
of  mining  and  metallurgy. 

SIDX.EV   LEEOY   SMITH 

Sidney  Leroy  Smith,  who  was  born  in  Boston,  Mass.,  March 
20.  1838,  died  in  the  same  city  on  May  25,  1914.     He  was 


graduated  from  Dartmouth  College  with  the  B.S.  degree,  and 
his  first  position  was  as  resident  engineer  in  charge  of  the 
construction  of  a  railroad  between  Sheboygan  and  Fond  du 
Lac,  Wis.  In  1861  he  entered  the  engineer  corps  of  the 
United  States  Navy,  continuing  in  the  service  after  the  close 
of  the  war.  At  the  time  of  his  resignation  in  1884  he  was 
acting  as  assistant  engineer.  From  1894  to  1897  Mr.  Smith 
was  superintendent  of  the  Roxbury  Carpet  Company,  Bos- 
ton, Mass. 

Mr.  Smith  was  a  member  of  the  American  Society  of  Naval 
Engineers  and  of  the  Loyal  Legion. 

ALFRED  P.  TRAUTWEIK 

Alfred  P.  Trautwein,  vice-president  of  the  American  Weld- 
ing Company,  Carbondale,  Pa.,  died  at  his  home  in  that  city 
on  August  5,  1914.  He  was  born  in  New  York  City  on 
October  10,  1857,  and  was  graduated  from  Stevens  Institute 
of  Technology  in  1876.  In  the  same  year  he  entered  the  em- 
ploy of  the  Continental  Iron  Works,  Brooklyn,  as  mechanical 
draftsman  and  engineer,  engaged  in  the  construction  of  coal 
and  water  gas  works,  fuel  gas  plants,  ice  making  and  re- 
frigerating machinery  and  marine  construction.  In  1889  he 
removed  to  Carbondale  and  entered  the  Hendrick  Manufac- 
turing Company  as  superintendent  and  consulting  engineer. 
Ten  yeare  later  he  organized  the  Carbondale  Machine  Com- 
pany and  was  president  for  a  nmnber  of  years.  He  also 
organized  the  Carbondale  Supply  Company,  the  Carbon- 
dale Chemical  Company,  now  known  as  the  Carbondale 
Calcium  Company,  the  American  Welding  Company,  and 
tlie  Carbondale  Instrument  Company.  He  was  also  one 
of  the  reorganizers  of  the  Consolidated  Telephone  Com- 
pany and  until  recently  was  one  of  its  directors.  At 
one  time  he  acted  as  president  of  the  American  Acid 
and  Alkali  Company  of  Bradford,  Pa.,  and  was  a 
former  director  of  the  Buffalo  Cold  Storage  Company,  Buf- 
falo, N.  Y.  Mr.  Trautwein  was  also  one  of  the  organizers 
and  until  a  short  time  ago  one  of  the  directors  of  the  Pioneer 
Dime  Bank.  During  the  past  three  years  he  had  devoted 
the  greater  part  of  his  time  to  the  Barium  Products  Com- 
pany of  Scranton,  Pa.,  of  which  he  was  president.  He  was 
a  director  in  the  Carbondale  Machine  Company  and  the 
American  Welding  Company  at  the  time  of  his  death. 

Mr.  Trautwein  first  pointed  out  the  advantages  of  the  an- 
thracite coal  region  for  the  silk  industry,  and  it  was  through 
his  persistent  efforts  that  the  chain  of  Klots  Mills  was  located 
in  the  region  of  Carbondale.  This  was  followed  in  turn  by 
the  Empire  Silk  Company,  and  Mr.  Trautwein  was  himself 
one  of  the  organizers  of  the  Carbondale  Knitting  Company. 
He  did  much  throughout  the  valley  to  develop  its  industrial 
interests,  and  while  he  never  took  an  active  part  in  politics 
he  was  always  ready  and  willing  to  lend  financial  and  moral 
support  to  every  movement  instituted  for  the  welfare  of  the 
community. 

He  served  Stevens  Institute  in  the  capacity  of  alumni  trus- 
tee from  1887  to  1890,  and  was  a  meml)er  of  the  Engineers 
Club  of  New  York,  the  Manufacturers  Club  of  Scranton, 
the  Engineers  Club  of  Scranton,  and  the  Drug  Trade  Club 
of  New  York. 


FOREIGN  REVIEW   AND   REVIEW  OF   PROCEEDINGS  OF 

ENGINEERING  SOCIETIES 


ENGINEERING   SURVEY 

EFFECT  OF  THE  WAR  OX  FOREIGN  PERIODICALS 

The  war  in  Europe  has  wrought  sad  havoc  with  the  tiles 
of  foreign  periodicals  in  the  Library  of  the  Engineering 
Societies.  The  English,  Italian  and  Scandinavian  periodicals 
come  in  with  fair  regularity,  and  with  practically  their  usual 
number  of  pages.  The  German  periodicals  have  been  either 
discontinued  (as  the  Werkstattstechnik  announced,  because 
''  nobody  cares  to  read  trade  papers  now  " ) ,  or  are  issued 
in  reduced  sizes,  and  delivered  with  great  irregularity.  The 
Belgian  papers,  published  at  Louvain  and  Brussels,  have 
been  discontinued  for  obvious  reasons.  The  French  papers 
have  been  so  far  coming  in  regularly,  but  sometimes  in  re- 
duced sizes.  No  Russian  papers  have  come  in  since  the  be- 
ginning  of  the  war,  although  regularly  issued.  No  Austrian 
papers  have  been  received,  and  no  information  as  to  their 
being  issued  is  available.  Notwithstanding  all  these  circum- 
stances, enough  material  is  available  to  carrj'  on  the  work 
of  the  Engineering  Survey  in  the  usual  manner. 

THE  VALUE  OF  THE  ENGINEERING  SURVEY  TO 
STUDENTS 

Now  that  a  new  school  year  begins,  it  may  be  in  order  to 
call  to  the  attention  of  future  engineers  in  our  colleges  the 
benefits  which  they  may  derive  from  getting  into  the  habit 
of  looking  over  every  month  the  Engineering  Survey  in 
The  Journal.  During  their  freshman  and  sophomore  years 
they  will  probably  find  a  good  deal  that  will  be  somewhat 
beyond  their  depth,  but  even  then  a  number  of  articles  will 
be  such  that  they  can  readily  understand.  A  junior  in 
either  mechanical  or  electrical  engineering  ought  to  be  able 
to  understand  the  gist  of  nearly  every  article.  What  a  stu- 
dent can  learn  from  a  perasal  of  the  Engineering  Survey 
month  after  month  is,  first,  the  general  tendencies  of  modern 
invention  both  in  Europe  and  in  this  country;  second,  the 
point  of  view  taken  by  prominent  designers  here  and  abroad 
in  the  selection  of  their  engineering  equipment;  and  finally 
he  will  learn  the  names  of  the  periodicals  and  publications 
of  societies  where  information  on  various  subjects  may  be 
found.  When  it  comes  to  writing  his  thesis,  and  especially 
when  after  graduating  from  college  he  happens  to  run  across 
some  work  of  design  along  individual  lines,  he  will  find  the 
ability  to  look  with  some  certainty  for  information  in  the 
more  or  less  out  of  the  way  periodicals — an  advantage  of 
inestimable  value.  There  are  good  engineers  in  countries 
and  localities  of  which  the  ordinary  engineer  thinks  verj' 
little:  in  China,  Australia,  South  Africa,  Chile.  These  en- 
gineers run  across  peculiar  problems  and  often  solve  in  spe- 
cial ways,  the  knowledge  of  which  may  be  of  the  greatest 
possible  value  to  the  American  engineer  when  he  gets  into 
a  similar  tight  place.  The  Engineering  Survey,  within  the 
space  available,  is  doing  its  best  to  present  all  such  informa- 
tion in  as  clear  and  readable  a  manner  as  possible,  and  the 
engineering  student,  who  makes  a  habit  of  reading  it  over 
as  it  comes  out,  will  soon  find  that  a  lot  of  the  information 
which  he  gets  from  it,  sticks,  and  can  be  used  even  in  his 
work  at  college. 


THIS  MONTH'S  ARTICLES 

In  the  section  Aeronautics  is  given  an  abstract  of  a  paper 
by  Professor  Ch.  Maurain  on  the  progress  of  experimental 
work  in  aeronautical  engineering,  especially  interesting  at 
the  present  time  when  the  events  in  Europe  have  directed 
serious  attention  to  aircraft  as  a  means  of  national  defense. 
The  abstract,  among  other  things,  contains  a  list  of  Euro- 
pean aeronautical  laboratories. 

The  next  article  gives  data  on  endurance  tests  of  heavy 
automobile  trucks.  The  section  on  Internal  Combustion  En- 
gineering goes  into  considerable  detail  concerning  the  use  of 
explosion  engines  in  railway  woi'k,  such  as  branch  lines  and 
for  light  trains  on  secondary  lines.  Particular  attention  is 
paid  to  the  problem  of  power  recuperation  during  the  down- 
grade runs  or  slowing  up  of  trains.  In  the  section  Steam 
Engineering  are  described  a  German  triple-flue  boiler  plant 
and  a  new  evaporation  apparatus  for  the  production  of  dis- 
tilled water  in  which  a  part  of  the  steam  of  evaporation  is 
compressed  by  live  steam  and  takes  further  part  in  the 
process  of  evaporation. 

Two  papers  before  the  American  Foundry-men's  Associa- 
tion are  devoted  to  the  discussion  of  the  influence  of  the  skin 
on  the  strength  and  ductility  of  malleable  east  iron  (Tou- 
ceda),  and  to  the  elimination  of  waste  motion  in  bench 
molding  (Kennedy  and  Pendleton).  In  the  former  paper 
data  of  tests  on  the  strength  of  machined  and  unmachined 
test  wedges  of  malleable  cast  iron  are  reported,  and  certain 
ideas  on  the  importance  of  the  skin  are  combated.  From  the 
Bulletin  of  the  American  Institute  of  Mining  Engineers  are 
abstracted  several  interesting  papers :  on  nodulizing  flue 
dust  which  may  be  of  interest  to  those  engineers  who  have  to 
work  with  blast  furnace  gases  for  heat  engines  and  boiler 
firing;  on  the  annealing  of  cold  rolled  copper;  and  on  sur- 
face decarbonization  of  tool  steel.  The  last  paper  contains 
an  interesting  explanation  as  to  why  the  "  bark  "  on  tool 
steel  is  so  hard  on  machining  tools. 

Marshall  R.  Pugh,  before  the  American  Society  of  Civil 
Engineers,  presented  a  comprehensive  discussion  of  external 
corrosion  of  east  iron  pipe,  a  subject  which  has  been  of  late 
attracting  considerable  attention  both  in  this  country  and 
abroad.  From  the  Journal  of  the  American  Society  of 
Naval  Engineers  is  taken  an  abstract  of  the  account  of  the 
work  of  the  U.  S.  Navy  Engineering  Experiment  Station, 
containing  among  other  things  data  on  the  compound  issued 
to  the  service  for  rendering  boiler  materials  non-corrosive. 

From  the  Transactions  of  the  Canadian  Society  of  Civil 
Engineers  are  taken  data  on  concrete  stack  construction  and 
on  disregarded  stresses  in  joints  and  ends  of  steel  in  rein- 
forced concrete  construction. 

An  interesting  consideration  of  pitot  tube  formulae,  and 
data  of  tests  of  pitot  tubes  and  two  different  types  of  cur- 
rent meters,  as  applied  to  the  measurement  of  large  volumes 
of  water  flowing  at  variable  velocities,  are  presented  in  the 
abstract  of  a  paper  of  B.  F.  Groat  before  the  Engineers' 
Society  of  Western  Pennsylvania,  and  an  equaOy  interesting 
paper  (by  Gerald  Stoney)  on  high  speed  bearings,  and  sev- 
eral subjects  closely  associated  with  this  subject,  such  as  oil- 
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cooling,  is  reported  iroui  the  Trausaetious  of  tlie  North-East 
('i>ast  Inst  it  ut  lull  of  Engineers  and  Shipbuilders. 

FOREIGN   REVIEW 

Aeronautics 

RtVIEW   OF    F'XPERI.MEXTAL    AVORK    IN    AERONAUTICAL    En- 

(UXEERING  (Revue  d'aerotechnique  experimentale,  Professor 
Cli.  Maurain,  Revue  genirale  des  sciences,  vol.  25,  no.  14, 
J).  (i79,  July  30,  1914,  8  pp.,  tg).  The  present  article  gives 
a  review  of  the  work  lately  done  in  the  great  aeronautical 
laboratories  of  Europe  and  America.  In  France  the  mili- 
tary laboratories  continue  the  sjilendid  work  started  years 
ago  by  Colonel  Renard.  In  addition  to  that,  there  are  sev- 
eral extremely  well-equipped  civilian  laboratories,  such  as 
the  well-known  laboratory  of  Mr.  Eiffel,  the  laboratory  of 
the  Duke  of  Guiehe,  who  uses  the  special  method  for  record- 
ing photographically  pressures  and  partial  depressions  ex- 
isting at  the  same  instant  at  different  points  of  surfaces  or 
other  parts  carried  on  sjjecially  equipped  automobiles.  The 
Aeronautical  Institute  of  the  Uiuversity  of  Paris,  founded 
b>  Deutsch  de  la  Meurthe,  uses  several  methods  simultane- 
ously, such  as  the  dynamometric  car,  rotating  ann,  air  tun- 
nel and  measurements  in  actual  flights.  In  Russia,  the  labor- 
atory of  Koochino,  started  by  a  private  scientist,  Mr. 
K'ibooshinsky,  has  f(ir  many  years  carried  on  various  ex- 
periments on  surfaces  and  propellers  by  means  of  an  air 
tunnel.  Other  aerodjTiamic  investigations  are  being  car- 
ried on  in  the  laboratories  of  several  of  the  technical  schools ; 
tliose  of  the  University  of  Moscow,  under  the  direction  of 
Professor  Joukowsky,  desei've  special  mention.  In  Ger- 
many, the  laboratory  of  the  University  of  Gottingen,  under 
the  direction  of  Professor  Prandtl,  has  been  for  several 
years  using  the  method  of  air  tunnel  and  rendered,  valuable 
service  to  the  art  of  aviation.  Another  well-equii)i)ed  labora- 
tory has  recently  been  installed  at  Aldershof  (under  the  di- 
i-ection  of  F.  Bendemann,  of  the  German  Institution  for 
E.xperimentation  in  Aviation),  the  chief  jjurpose  of  which 
is  tiie  test  of  motor  propeller  sets,  although  a  wider  field  of 
experimentation  is  under  contemplation  for  the  future. 
"\"aluable  measurements  on  propeller  action  have  been  made 
at  Frankfort  by  means  of  the  dynamometric  car.  In  addi- 
tion to  that  there  is  the  aerodynamic  laboratory  of  the  Ber- 
lin technical  high  school,  under  the  direction  of  Major  von 
Parseval,  while  in  Austria,  an  aerodynamic  laboratory  has 
been  installed  in  connection  with  the  technical  high  school  of 
Menna,  under  the  direction  of  W.  von  Doblhoif.  In  Italy 
tlie  military  laboratory  of  aerodynamics  at  Rome  is  under 
the  direction  of  Crocco,  and  has  published  several  important 
researches  on  aerodynamics  and  hydrodynamics.  All  aero- 
dynnmic  experiments  are  made  by  the  method  of  air  tunnel, 
while  the  hydrodynamic  experiments  are  made  in  an  experi- 
mental tank,  with  a  towing  car.  In  England  a  special  com- 
mittee has  been  appointc^l  for  research  in  connection  with 
aeronautics  under  the  ehairmansiiip  of  Loi'd  Rayleigh,  the 
actual  work  being  done  at  the  National  Physical  Laboratory 
at  Teddington  by  the  method  of  air  tunnel  and,  for  jjropel- 
lers,  by  rotating  arm.  This  work  is  carried  on  in  such  a 
manner  as  to  collaborate  with  either  civil  or  military  labora- 
tories, in  particular  tlial  of  the  Royal  Aircraft  Manufacture. 
The  work  of  these  laboratories  is  not  always  systematic, 
whicli  is  duo  mainly  to  the  fact  that  the  extremely  rapid 
d('vcl(i|>nient  of  aviation  made  it  necessary  to  find  immediate 


answers  to  practical  questions  instead  of  taking  uj)  more 
general  questions  of  scientific  interest.  The  degree  of  pre- 
cision of  the  various  methods  of  measurements  has  not  yet 
been  fully  established,  and  each  laboratorj'  being  equipped 
preferably  for  a  certain  kind  of  measurements,  is  doing  the 
work  which  it  is  best  able  to  do,  without  often  attaching  too 
much  value  to  the  absolute  worth  of  the  results  obtained.  It 
will  re(|uire  long  and  delicate  comparisons  between  the  re- 
sults obtained  by  the  various  methods  to  establish  answers 
to  the  most  important  general  problems. 

The  autlior  proceeds  to  describe  in  a  general  manner  ex- 
perimental investigations  having  for  their  purpose  the  deter- 
mination of  the  general  laws  of  flight,  such  as,  for  example, 
the  supporting  action  of  air  as  a  function  of  the  relative 
velocity  of  the  plane  and  density  of  air,  and  the  investiga- 
tions made  to  determine  the  value  of  the  coefficient  K  used 
in  this  formula.  A  large  amount  of  investigation  has  been 
devoted  to  the  study  of  the  numerical  relations  in  the  action 
of  air  on  aeroplanes,  so  as  to  determine  the  velocity  and  po- 
sition of  such  action  for  various  inclinations  of  the  planes 
as  functions  of  the  relative  velocities,  and  for  various  posi- 
tions of  the  vertical  rudder  with  respect  to  the  main  planes. 
The  data  collected  already  enable  us  to  solve  a  number  of 
important  problems,  e.g.,  to  calculate  the  conditions  of  equi- 
librium of  an  aeroplane,  to  construct  a  metacentric  curve 
and  to  deduce  the  conditions  of  stability.  These  investiga- 
tions have  had  an  especially  important  bearing  on  the  study 
of  stability  of  aeroplanes.  G.  de  Bothezat  has  shown  by  the 
method  of  small  motions  applied  to  an  aeroplane  in  still  air, 
that  if  the  aeroplane  be  assumed  to  be  non-deformable,  it 
will  be  stable  longitudinally,  but  tliat  it  will  remain  inher- 
ently unstable  laterally.  By  stability  is  meant  the  ability 
of  the  aeroplane  to  resume  its  normal  position  after  hav- 
ing been,  by  whatever  cause,  slightly  brought  out  of  it. 
While  these  results  are  of  considerable  theoretical  interest, 
it  must  be  remembered  that  in  practice  the  important  point 
is  to  secure  stability  not  in  still  air  but  in  gusts.  In  prac- 
tice also,  aeroplanes  are  not  non-deformable  systems.  The 
pilot  intei-venes  aU  the  time  with  a  view  of  reestablishing,  by 
means  of  his  rudders  or  ailerons,  the  equilibrium  disturbed 
by  the  movements  in  the  atmosphere,  and  the  conditions 
which  must  particularly  be  realized  in  the  design  of  a  ma- 
chine consist  in  proportioning  the  efficiency  of  the  means 
of  governing  to  the  amplitude  which  the  violent  disturbances 
of  the  atmosphere  may  jiroduce  in  the  action  of  the  planes, 
so  as  to  permit  the  pilot  at  all  times  to  remain  master  of  his 
api)aratus.  The  methods  of  computation  based  on  the  gen- 
eral principle  of  small  motions  do  not  indicate  what  may 
happen  during  violent  atmosi^heric  disturbances,  and  it  is 
here  that  the  great  value  of  the  excellent  methods  of  regis- 
tering the  relative  velocity  of  the  aeroplane,  its  inclination, 
inclination  of  its  trajectory,  movements  of  the  governing  de- 
vices, etc.,  introduced  by  Toussaint,  and  Lepere  and  Gouin, 
come  into  play.  It  is  significant  that  the  school  of  aviators, 
represented  by  men  like  Blcriot,  believe  that  the  security  in 
aviation  can  be  realized  by  making  aeroplanes  extremely 
easy  to  manage,  so  that  the  pilot  may  without  difficulty  exe- 
cute the  most  complicated  movements  without  losing  control 
of  his  machine.  When  he  ha]>pens.  tlierefore,  to  meet  violent 
atmospheric  disturbances,  these  disturbances  produce  varia- 
tions of  flight,  but  only  such  as  he  has  been  in  the  habit  of 
creating  himself.  This  is  correct,  with  the  restriction,  how- 
ever,  that    it   requires   a   flight   at    a   considerable   elevation. 
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since  nearly  all  evolutions  in  the  aeroplane  involve  loss  of 
height,  as  flights  near  the  ground  during  a  strong  and  ir- 
regular wind  ajjpear  to  be  especially  dangerous  to  a  light 
machine. 

The  second  part  of  the  article  reviews  the  experimental 
work  done  on  aerial  propellere.  From  a  practical  point  of 
view,  it  is  important  to  note  that  it  is  possible  to  determine 
now  the  characteristics  of  propellers  working  not  only  as 
fans  but  while  in  motion  at  a  certain  speed.  Aerial  pro- 
pellers have  already  reached  maximum  efficiencies  of  from 
70  to  80  per  cent  and  sometimes  have  exceeded  this  value. 
The  author  believes  that  with  the  present-day  propellers  and 
explosion  motors,  helicopters  have  already  become  possible, 
but  will  have  no  practical  a|)plic:ition  until  some  method  has 
been  found  to  prevent  the  fall  of  the  machine  if  the  engine 
becomes  stalled.  It  is,  however,  possible  that  the  combina- 
tion of  helieo])ters  and  aeroplanes  may  bring  about  the  real- 
ization of  the  dream  of  large  aerial  vessels  easily  governed 
and  perfectly  stable. 

Automobiles 

Mii.iT.4Rv  EvnrRAXi'E  Test.s  of  Automobile  Tricks 
(L'cpreiivi  mililaire  d'endurancc  des  automubiles  de  poida 
loicrds,  du  ler  au  30  juillet  1914,  Duroc,  Le  Genie  Civil,  vol. 
55,  no.  15,  p.  289,  August  S,  1914,  5  pp.,  16  figs.,  de).  The' 
article  gives  some  data  on  the  practical  endurance  tests  of 
heavy  motor  trucks  carried  out  in  France  during  July  1914. 
The  original  program  of  the  tests  contemplated  runs  from 
July  1  to  August  4  of  100  km.  every  day  for  tractors  and 
150  km.  per  day  for  motor  trucks,  with  a  final  examination 
to  be  made  between  August  5  and  August  8.  The  declara- 
tion of  war  compelled  the  commission,  on  July  30,  to  release 
all  the  trucks  from  the  test  and  to  pronounce  60  out  of  the 
66  trucks  as  ha\ing  satisfied  aU  conditions. 

There  were,  in  the  performance  of  these  tests,  certain  par- 
ticulars worthy  of  notice.  For  example,  contrary  to  the 
method  of  performing  the  tests  adopted  in  1913,  all  the  runs 
this  time  were  made  along  roads  converging,  star  fashion, 
to  the  city  of  Versailles,  so  that  every  day  the  cars  started 
from  that  city  and  returned  to  it  at  night.  While  in  this 
way  the  demonstration  of  the  motor  trucks  under  test  in 
various  provincial  cities,  with  its  corresponding  advertismg 
advantages,  has  been  omitted,  there  is  no  doubt  but  that  the 
cost  of  the  test  to  the  manufacturers  lias  been  very  materially 
reduced  and  the  obser\ations  by  the  authorities  were,  to  an 
equal  degree,  simplified. 

The  military  commission  and  the  war  office  have  made 
the  following  regulations  for  the  present  tests : 

The  gross  weight  of  the  truck  of  3500  kg.  does  not  include 
tools,  spare  parts  and  dri^■er,  the  rear  axle  thus  being  per- 
mitted to  carry  a  load  up  to  5000  kg.  The  engine  must  be 
placed  under  wood,  which  is  reasonable,  because  it  makes  it 
more  accessible  and  easier  to  insi)ect. 

Sixty-six  trucks  have  actually  entei'ed  the  competition. 
The  engines  of  all  the  four-cylinder  vertical  type  have  a 
volume  swept  over  by  the  piston  of  4.500  liters  whicdi  cor- 
responds at  a  speed  of  1200  r.p.m.  to  an  average  h.p.  on  the 
testing  stand  of  28.30  h.p. 

InternaUCombustion  Engineering 

Tractiox  by  Thermal  Exgixes  ox  Railways  (La  trac- 
tion par  motetirs  thenniqites  sitr  voies  ferrees,  L.  Saint- 
Martin,  Bulletin  mensuel  de  la  Societe  Beige  des  Electriciens, 


vol.  31,  p.  485,  July  1914,  80  pp.,  8  figs.,  dgc).  The  article 
presents  an  extensive  discussion  of  the  various  forms  of  mo- 
tive power  for  railroads,  such  as  steam  locomotives,  electric 
locomotives  and  internal  combustion  locomotives.  In  connec- 
tion with  the  latter,  the  author  discusses  in  considerable  detail 
the  internal  combustion  locomotive  with  an  auxiliary  electric 
drive  such  as  is  represented  by  the  H.  Pieper  system  (com- 
pare 27(6  Journal,  March  1913,  p.  532).  It  is  a  well-known 
fact  that  the  maximum  power  developed  by  an  internal- 
combustion  engine  approaches  very  closely  the  most  eco- 
nomical power  at  which  it  can  be  operated  so  that  an  inter- 
nal-combustion locomotive  set  does  not  easily  adapt  itself  to 
taking  up  overloads.  The  Pieper  system  provides  for  such 
emergencies  by  combining  with  the  internal-combustion  en- 
gine an  electric  unit  which  may  be  used  either  as  a  gener- 
ator or  as  a  motor,  and  a  set  of  storage  batteries.  When 
the  entire  power  of  the  engine  is  not  utilized  for  purposes  of 
direct  propulsion,  the  resen-e  is  taken  up  by  the  dynamo 
which  then  acts  as  a  generator  and  charges  the  storage  bat- 
teries. On  the  other  hand,  when  an  overload  is  brought  on 
the  engine,  the  batteries  discharge  through  the  dynamo,  which 
acts  as  a  motor  and  boosts  the  engine  action.  This  is  what 
the  autlior  calls  a  ■'  buffer  "  system. 

One  of  the  interesting  jjarts  of  this  type  of  drive  is  the 
fact  that  it  appears  to  present  an  elegant  solution  of  the 
)iroblem  of  power  recuperation.  There  have  been  a  good 
many  systems  proposed  for  recuperation  of  power  loss  dur- 
ing the  down-grade  runs  and  in  slowing-up,  but  the  numerous 
devices  so  far  proposed  have  proved  to  be  failures.  It  is 
only  in  storage  battery  cars,  e.g.,  on  the  tramway  line  from 
Paris  to  Saint  Denis,  that  as  much  as  10  to  14  per  cent  of 
the  total  power  has  been  recujjerated.  Tliis,  however,  is  of 
little  practical  importance  on  account  of  the  limited  use  of 
the  storage  battery  cars. 

Numerous  tests  have  also  been  made  on  mountain  electric 
railway  lines  where  an  effort  was  made  to  drive  the  motor 
as  a  generator  during  the  down-grade  run  and  return  the 
current  thus  generated  to  the  central  station.  In  order,  how- 
ever, that  this  might  be  jiossible,  the  generator  has  to  de- 
liver current  at  a  higher  voltage  than  the  one  existing  at 
the  line  contact,  and  when  a  single  phase  motor  is  used,  this 
can  be  achieved  only  by  an  application  of  special  trans- 
formers. Direct  current  motor  traction  also  lends  itself  but 
poorly  to  ]iower  recuperation.  On  the  other  hand,  in  thermo- 
electric systems  of  dri^•e,  with  an  electric  buffer  system, 
recuperation  of  energy,  owing  to  the  reversibility  of  the 
buffer  dynamo,  is  extremely  easy.  When  the  car  runs  down 
an  incline,  the  speed  of  the  engine  tends  to  increase,  and  the 
voltage  of  the  dynamo  increasing  likewise  and  becoming 
supei'ior  to  the  voltage  of  the  storage  battery,  produces 
au  automatic  flow  of  energy  from  the  dynamo  into  tlie  bat- 
tery. If  at  the  same  time  in  some  way,  such  as  by  an  auto- 
matic application  of  a  solenoid  governor,  the  supply  of  fuel 
to  the  motor  be  cut  off.  then  the  kinetic  energy  liberated  at 
the  rim  on  account  of  the  downwai'd  run,  is  sent  into  the 
storage  batteries  by  means  of  the  dynamo,  a  direct  transmis- 
sion, i.e.,  with  an  efficiency  of  at  least  80  per  cent.  The  same 
thing  happens  during  the  slowing  up  with  the  kinetic 
energy  resulting  from  inertia  of  the  car.  It  must  be  further 
borne  in  mind  that  this  recuperation  does  not  require  any 
supplementary  installations  on  the  car,  but  automatically 
follows  from  the  operation  of  the  motive  and  governor  ele- 
ments of  the  drivmg  plant,  the  only  duty  of  the  motorman 
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being  to  keep  tlie  controller  in  sueh  a  position  as  to  main- 
tain tlie  schedule  speed  of  the  car. 

The  author  appreciates  the  importance  of  the  recuperation 
of  energy  which  may  be  obtained  with  thermo-electric  ears 
provided  with  an  electric  buffer,  and  considers  as  an  example 
a  line  4  km.  long  with  an  average  amount  of  irregular  ground 
so  that,  say,  Yo  of  the  length  is  tiat  while  the  other  contains 
uneven  ground,  in  spots,  down  grade  of  an  average  fall  of 
about  30  mils.  The  total  gradient  of  these  parts  of  the  line, 
downwards,  will  be  2000  X  0.030  =  00  m. 

Assuming  now  that  the  average  coeflicient  of  traction  for 
the  motor  ear  and  trailers  is  8  kg.  per  ton  (10  lb.  per  short 
ton),  and  that  it  is  necessary  to  drive  on  this  line  a  train  of 
40  tons  (4i  short  tons),  including  the  motor  car,  with  an 
average  speed  of  50  km.  per  hour  and  at  a  minimum  speed 
of  25  km.  per  hour  on  the  above  detined  inclines.  Then  the 
power  at  the  wheel  rim  is: 

On  Hat  ground : 

(40X8)50,000 
P  = 3600  X  75 — ^ ''"  ''■''■   ''"  ''''""'^  figures). 

On  the  incline  (30  mils)  : 

(40X38)25,000 

F  = =  140  h.p. 

3600  X  75 

In  order  to  be  able  to  perform  the  work  to  meet  the  above 
requirements  with  an  electric  transmission  motor  car  having 
an  efficiency  of  60  per  cent,  it  would  be  necessary  to  have 
an  engine  of  about  240  h.p.,  which  on  the  even  ground,  i.e., 
over  1/2  of  the  total  run,  would  have  to  deliver  only  about 
100  effective  h.p.,  or  about  60  h.p.  at  the  rim.  With  a  car 
provided  with  electric  buffer  dynamo,  an  engine  of  120  h.p. 
would  prove  fully  sufficient,  the  additional  power  required 
on  the  heavy  up  grades  being  supplied  by  the  storage  bat- 
teries. It  is  evident  that  in  this  ease,  the  internal-combus- 
tion engine  will  be  utilized  to  much  greater  advantage  than 
in  the  ease  of  the  first,  since  its  normal  output  would  be 
close  to  the  average  output  required  by  the  line  conditions. 

The  author's  calculation  (not  suitable  for  abstracting) 
establishes  the  remarkable  fact  that  energy  recuperation 
during  slowing  up  is  practically  twice  the  energy  recupera- 
tion during  down-grade  runs,  wliich  shows  that  the  use  of 
the  internal-combustion  engine  drive  with  buffer  dynamo  is 
of  value  not  only  on  lines  of  iri'egular  ground,  but  also  on 
lines  where  frequent  stopping  or  slowing  down  is  required. 
It  is  a  well-known  fact  that  such  slowing  down  operations 
are  quite  frequent  even  on  trunk  lines.  His  figures  show 
that  the  net  recuperation  at  the  rim  will  be,  under  the  nor- 
mal conditions  of  operation  assumed,  about  28  per  cent  of 
the  total  power  necessary  for  starting  and  traction  purposes. 
The  author  discusses  further  in  detail  the  problem  of  the 
use  of  the  storage  battery  on  such  cars  and  the  various  fuels 
that  may  be  used.  He  considers  also  the  cost  of  operating 
the  ears  anfl  gives  a  table  showing  tlie  work  required  per 
ton-km.  under  various  conditions  and  amount  of  standard 
fuel  consumed.  He  comes  to  the  final  conclusion  that  even 
when  utilizing  comparatively  expensive  fuels,  such  as  benzol, 
traction  proves  to  be  more  economical  with  internal-combus- 
tion engines  than  steam  locomotive,  both  on  branch  lines 
and  for  light  trains  on  secondary  lines  of  the  Belgian  trunk 
systems.  From  the  cost  point  of  view,  the  internal-combus- 
tion locomotive  is  inferior  to  the  electric  traction,  but  the 
use  of  cheaper  fuels  promises  to  change  this  equation  in 
favor  of  the  thermal  locomotive.     Besides,  when  the  amount 


of  capital  employed  is  taken  into  account,  including  deprecia- 
tion charges  of  central  stations,  sub-stations,  transmission 
lines,  etc.,  the  difference  in  the  two  systems  comes  down 
practically  to  the  vanishing  point.  In  addition,  it  must  be 
remembered  that  the  thermo-electric  drive  presents  the  greater 
advantage  of  being  carried  on  by  independent  units  ex- 
clusively, so  that  it  may  be,  without  loss,  placed  in  service 
on  new  lines  or  adopted  by  old  ones.  Further,  its  use  eHmi- 
nates  entirely  the  many  chances  of  accident  which  always 
threaten  the  operation  of  complicated  electric  traction  sys- 
tems and  which,  when  they  happen,  may  put  an  entire  sec- 
tion of  the  system  out  of  business. 

The  author  believes  that  in  many  cases,  these  advantages 
will  be  sufficiently  important  to  compensate  for  the  slight 
excess  in  cost  of  the  thermo-electric  system  of  drive  over 
the  purely  electric.  The  rest  of  the  article  is  devoted  to  a 
detailed  description  of  the  thermo-electric  motor  car  with 
means  for  recuperation  of  energy. 

Measuring  Apparatus 

Opthal  Amplifying  Torsion  Meter  (Torsiutnetro  ottico 
amplificatore,  A.  Anastasi,  Rendiconti  delle  esperieme  e 
degli  stiidi  eseguiti  nello  stabiUmc7ito  di  esperieme  e  con- 
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Fin.  1     Optical  Torsion  Meter  with  .\mplification 

struzivtii  aeronautiehe  del  Gcnio,  vol.  3,  no.  2,  p.  48,  April 
30,  1914,  3  pp.,  2  figs.,  d).  The  present  article  describes  an 
optical  torsion  meter  with  amplification.  The  apparatus  be- 
longs to  the  class  of  electro-optical  torsion  meters  and  has 
been  designed  by  A.  Anastasi,  engineer  of  the  Italian  mili- 
tary aeronautical  laboratory.  It  consists  essentially  of  two 
drums,  t^  and  t^,  one  inside  the  other,  with  a  very  small  in- 
terstice between  them.  Each  one  is  rigidly  affixed  to  one  of 
the  two  sections  ..4  and  B,  respectively,  of  the  shaft,  the  tor- 
sion of  which  it  is  desired  to  measure  (Fig.  1).  The  interior 
drum  is  provided  with  a  certain  number  of  small  slots  /i, 
parallel  to  the  axis  of  the  shaft  and  exactly  equidistant  from 
one  another.  The  exterior  drum  is  provided  with  a  similar 
number  of  helicoidal  slots  /d  of  equal  dimensions  and  as 
equally  equidistant.  Inside  of  both  drums  is  located  a  lumi- 
nous source,  in  this  case  an  electric  lamp  L,  carried  on  a 
fixed  plane.  External  to  the  shaft  and  parallel  to  it  is 
located  a  graduated  scale  R  over  which  can  be  moved  a 
telescopic  sight  0,  the  axis  of  which  is  normal  to  the  axis  of 
the  shaft.  When  the  shaft  is  turned,  owing  to  the  presence 
of  the  internal  illumination  and  in  accordance  with  the 
velocity  of  rotation,  one  may  persistently  observe  the  cor- 
respondence of  the  slots  in  the  external  drum  with  those  of 
the  internal  drum  and  the  position  of  the  plane  of  cor- 
respondence may  be  determined  by  taking  sights  through  a 
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telescope.  The  displacement  of  such  a  plane  from  its  nor- 
mal position  of  rest  is  proportional  to  the  torsion  of  the 
shaft,  or  more  correctly,  to  tlie  maximum  of  the  effort  trans- 
mitted, and  can  be  read  correctly  on  the  graduated  scale  i?. 
To  this  device  is  added  a  similar  device  having  for  its  pur- 
pose the  amplification,  longitudinally,  of  tlie  relative  dis- 
placement of  the  two  corresponding  points  of  the  two  drums, 
without  using  any  amplifying  mechanism.  In  order  to  elimi- 
nate the  perils  arising  from  an  eventual  shifting  of  the 
shaft,  it  is  well  to  refer  the  position  of  the  plane  of  cor- 
respondence of  the  slots  not  to  a  fixed  origin  on  the  scale 
article,  but  to  positions  on  a  circle  C ,  plotted  inside  of  the 
external  drum. 

The  above  described  torsion  meter  can  be  used  even  when 
the  effort  transmitted  by  the  shaft  is  not  exactly  constant, 
provided  its  variations  be  not  too  large.  In  this  case,  the 
crossing  of  the  corresponding  slots  can  be  seen  from  the  side 
of  the  scale,  not  in  the  fixed  position,  but  oscillating  between 
two  extreme  position's  between  which  it  is  easy  to  determine 
a  medium  point.  The  apparatus  may  be  conveniently  applied 
at  high  but  not  extreme  velocities,  since  the  drums  with  their 
slots  would  not  be  able  to  withstand  a  very  great  centrifugal 
force.  This,  however,  may  be  obviated  to  a  certain  extent, 
by  using  drums  made  of  a  light  metal,  properly  disposing 
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Fia.  2     Brake  Action  Indicator 

the  thickness  of  the  material  and  number  of  slots,  and  pei'- 
haps  reinforcing  the  entire  structure  by  a  helix  of  steel  wire. 
On  the  same  principle  may  be  constructed  the  torsion  meter 
comprised  instead  of  two  drums,  of  two  discs,  one  having 
radial  slots  and  the  other  a  slot  made  on  an  archimedean 
spiral,  with  a  similar  lamp  and  scale  arrangement. 

Four  Axle  Dynamometer  Car,  Swiss  Federal  Rail- 
ways ( Vierachsiger  Dynamometerwagen  der  Schweizeris- 
chen  Bundeshahnen,  H.  A.  Gaudy,  Scliweizerische  Bauzeit- 
ung,  vol.  64,  no.  6,  p.  73,  August  8,  1914,  serial  article,  d). 
The  article  describes  a  four-axle  dynamometer  car  recently 
built  for  the  use  of  the  Swiss  Federal  Railways.  Among 
the  apparatus  with  which  it  is  fitted  is  a  device  designed  by 
the  well-known  firm  of  scientific  instrument  builders,  Broth- 
ers Amsler,  in  Germany,  for  indicating  the  braking  action 
and  its  effects.  The  apparatus  is  shown  in  P^ig.  2.  For  the 
determination  of  tangential  and  radial  forces  arising 
through  the  pressing  of  the  brake  shoe  against  the  wheel 
rim,  a  hydraulic  measuring  cylinder  is  inserted  into  the  rig- 
ging. On  the  front  axle  of  one  of  the  bogies,  two  such 
measuring  cylinders  are  built  in  on  the  brake  hangers  of 
the  front  brake  traversers,  while  one  more  measuring  cylin- 
der, located  horizontally,  transmits  the  brake  rigging  forces 
acting  on  the  middle  of  this  traverser.  The  fluid  pressure 
occurring   in    these    three   cylinders    during    the   braking   is 


transmitted  to  an  indicator  placed  over  the  apparatus  table 
and  recording  the  pressure  diagram  on  a  strip  of  paper. 
In  this  way,  two  diagrams,  one  for  the  tangential  and  the 
other  for  the  radial  forces,  are  obtained,  and  by  using  the 
values  given  by  the  diagrams,  the  friction  coefficient  for  any 
given  velocity  may  be  determined.  ) 

The  same  arrangement  may  be  further  used  for  determin- 
ing from  the  frictional  data  obtained  above  the  value  of  the 
material  used  in  the  brake-shoe.  The  measurement  of  the 
tangential  forces  may  be  carried  out  with  the  car  moving 
in  either  direction  as  there  is  an  arrangement  for  connect- 
ing either  end  of  the  measuring  cylinder  with  the  recording 
device.  In  addition  to  this  device  for  the  measuring  of  the 
braking  forces  in  the  rigging,  there  are  further  provided; 
tliree  indicators  for  the  determination  of  the  air  pressure 
prevailing  during  the  braking  process  in  the  main  line,  the 
brake  cylinder  and  the  auxiliary  air  tank.  While  these  de- 
vices  record   the   pressure   diagrams   on   paper  strips,   the 
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Fig.  3     Densograph 

manometers,  connected  with  the  indicators,  make  it  possible 
to  read  the  instantaneous  values  of  the  pressure;  and  two 
further  recording  devices  take  care  of  the  braking  length 
as  well  as  the  braking  time,  the  latter  being  recorded  at  in- 
tervals of  1,  3  and  6  seconds.  By  means  of  the  above  appa- 
ratus, the  following  observations  therefore  can  be  taken : 
(1)  pressure  in  the  brake  cylinder;  (2)  pressure  in  the  aux- 
iliary air  tank;  (3)  pressure  in  the  main  line;  (4)  brake- 
shoe  pressure  (radial  force);  (5)  tangential  force;  (G)  co- 
efficient of  friction  of  the  brake-shoe;  (7)  time  of  braking; 
(8)  braking  length. 

Densograph  {Der  Densograph,  Professor  Hugo  Strache, 
Zeits.  des  Vereines  der  Gas-  und  Wasserfaehmdnner  in 
Osterreich-Ungarn,  vol.  54,  no.  10,  p.  190,  May  15,  1914,  10 
pp.,  5  figs.,  de).  The  present  article  describes  a  densograph, 
an  apparatus  for  constant  and  automatic  recording  of  the 
specific  weight  of  gases.  The  usual  apparatus  for  the  deter- 
mination of  the  specific  weight  of  gases,  invented  by  Schil- 
ling, is  based  on  the  assumption  that  the  time  during  which 
a  certain  volume  of  gas  flows  under  a  certain  pressure 
through  an  opening  in  a  thin  sheet  is  proportional  to  the 
square  root  of  the  specific  weight  of  the  gas,  but  this  device, 
remarkable  for  its  simplicity,  has  the  serious  disadvantage 
of  not  permitting  of  making  a  constant  record  of  the  specific 
weights  of  the  gases  and  in  view  of  this  defect  the  apparatus 
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cannot  be  used  for  constant  records.  In  addition  to  that, 
there  is  a  second  very  important  defect  in  this  apparatus, 
consisting  in  that  a  single  observation  did  not  permit  of  a 
simultaneous  determination  of  a  number  of  other  factors, 
the  knowledge  of  whicli  would  allow  of  making  a  clear  con- 
ception of  the  processes  occurring.  There  are,  of  course,  a 
number  of  apparatus  which  permit  a  continuous  weighing 
of  gases,  but  their  operation  is  liable  to  be  interrupted  by 
numerous  disturbances  from  wOiich  the  densograph  is  claimed 
to  be  safe.  It  consists  (Fig.  3)  of  tiie  vessel  y,  initially  filled 
with  air  into  which  the  gas  enters  through  a  small  plate  a 
pro\  idi'd  with  a  tiny  upeiiing.     The  gas  is  forced  Ihrough  it 


]iump,  etc.  In  order  to  obtain  correct  indications  it  is  neces- 
sary to  maintain  the  gas  and  air  under  equal  pressure.  The 
apparatus  may  be  used  for  coal  gas,  furnace  gas  and  balloon 
gases  as  well  as  for  various  other  purposes  sudi  as  the  de- 
termination of  the  specific  weight  of  producer  gas,  etc. 

New  Ai*i'.\KATrs  for  the  Determixatiox  of  Pressure, 
Velocity  of  Flow,  Density  and  Co.mi'osition"  of  Gases 
AND  Vapors  {Neuere  Measgerdte  zur  Bestimmung  des 
Druckes  sowie  der  Geschwindigleit,  Dichte  und  Zusammen- 
setzung  von  Gasen  und  Ddmpfen,  E.  Stach,  Gluckauf,  vol. 
50,  no.  31,  p.  1233.  .Vugust  1,  1914,  5  pp.,  15  figs.    d).    The 
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Fig.  4     Various  Measuring  Apparatus   for  Gases 


by  means  of  a  suction  device  and  a  plate  similar  to  that  at 
a,  located  at  h.  If  the  same  gas  passes  through  a  and  h,  then 
the  suction  inside  the  vessel  is  equal  to  V2  the  total  suction. 
If,  however,  into  the  air  filled  vessel  there  flows  a  gas  lighter 
than  air,  tlien  tlic  resistance  at  a  will  be  less  and  the  suction 
in  g  goes  con-esjiondingly  down.  By  this  metliod,  a  mano- 
meter or  recording  suction  meter  may  be  operated ;  as  soon 
as  the  gas  displaces  the  entire  air  and  gets  as  far  as  h,  the 
initial  maiiometer  stand  will  come  back.  The  densograph  is 
made  to  give  a  continuous  record  by  including  in  the  ap- 
paratus a  special  device  which  permits  the  taking  in  of  gas 
and  air  in  an  established  rotation  of  operations.  In  addition 
(o  tlie  parts  shown  in  the  figure,  there  are  several  more 
pumps  such  as  the  above  mentioned  device  for  sucking  in 
air — a  water  ])unip.  a  governor  to  regulate  tlie  suction  of  tlie 


article  describes  novel  apparatus  for  the  determination  of 
pressure,  velocity,  density  and  chemical  composition  of  gases 
and  vapors,  including  the  manometer  of  Dr.  Verbeck,  which 
has  vertical  tips  and  two  liquids  of  different  densities.  The 
upper  parts  of  the  glass  tube  tijis  are  arranged  concentri- 
cally in  order  to  avoid  possible  errors  in  case  the  manometer 
is  not  placed  in  an  exactly  vertical  position. 

As  regards  micromanometers,  Fiiss  builds  them  now  for 
jiressures  up  to  30  atmospheres.  Fig.  4A,  with  mercury,  for 
measui'ing  pressure  of  gases  and  water  in  closed  pipes.  In 
the  ease  of  permanently  built-in  micromanometers  with 
rigidly  fixed  measuring  tubes,  there  may  be  a  demand  for 
measurements  over  a  wide  region  of  pressures  such  as  can- 
not be  served  by  a  single  permanently  built-in  measuring 
lulie.    Fni-  this  purpiisc.  Rosenmiiller  lias  designed  the  mano- 
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meter  shown  in  Fig.  B,  with  two  permanently  built-in  meas- 
uring tubes  covering  different  regions  of  pressures,  so  that 
when  the  velocity  passes  the  limits  of  the  upper  tube,  the 
lower  tube  may  be  used  for  the  measurement.  As  regards 
anemometers,  only  deadbeat  types  are  now  used  while  the 
improvement  of  clockwork  devices  has  made  clockwork  ane- 
mometers more  reliable  and  more  widely  used. 

For  the  measurement  of  high  air  velocities  such  as  occur 
with  fans,  cup  anemometers  are  often  used  instead  of  wing 
anemometers  as  being  more  suitable  for  this  kind  of  work. 
P'or  the  measurement  of  compressed  air,  Kosenmiiller  builds 
the  wing  anemometer  shown  in  Fig.  C,  which  is  built-in  in 
a  special  measuring  chamber  forming  part  of  the  com- 
pressed air  piping  and  having  an  indicating  device  on  the 
outside. 

For  recording  the  velocity  of  the  flow  of  gas,  the  arrange- 
ment shown  in  Fig.  D,  and  designed  by  Fiiss,  is  said  to  be 
especially  convenient,  since  it  has  succeeded  in  using  the 
same  scale  even  for  low  velocities  up  to  5  nnn.  per  sec.  with 


rangement  releases  at  short  intervals  of  time  another  clock- 
work device  which  in  its  turn  releases  lever  c.  This  allows 
during  the  test  of  the  fall  of  the  pawl  device  d  of  the 
counter  e. 

And  lever  c,  during  the  period  of  its  fall,  actuates  the 
clockwork  e  through  the  pawl  d.  The  motion  of  d,  and  ac- 
cordingly the  indication  of  clockwork,  depends  on  the  posi- 
tion of  the  curved  piece  against  which  strike  the  caliper- 
shaped  piece  /.  With  gases  of  constant  density  and  tem- 
perature, an  agreement  as  close  as  1  per  cent  has  been 
obtained  between  measurements  by  planimeter  and  the  de- 
scribed apparatus. 

Steam  Engineering 

Triple-Flue  Boiler  Plant  (Eine  Dreiflammrohr-Kes- 
selanlage,  Foge.  Zeitschrift  fiir  Dampfkessel  und  Maschinen- 
betrieb,  vol.  37,  no.  33,  p.  398,  August  14,  1914,  2  pp.,  5  figs., 
d).  The  article  describes  a  triple  flue  boiler  plant  installed 
lately  in  a  textile  plant  at  Linden,  Gei-many.     Recently,  the 
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Fig.  5     Triple  Flue  Boileh  Plant 


a  great  sensitiveness  of  indi<'ation.  In  a  metal  vessel,  «, 
there  floats  in  a  liquid  a  specially  shaped  body  b,  provided 
with  diving  bell  c,  which  divides  in  two  the  air  space  over 
the  liquid.  The  spaces  thus  formed  are  connected  by  means 
of  jiipes  or  hose  with  the  aii-  tanks  d  and  d^,  which  are  in 
their  turn  connected  with  the  Pitot  tube  e.  The  large  area 
of  the  diving  bell  insures  a  high  sensitiveness  of  the  appa- 
ratus while  the  tapered  fonnation  of  the  head  of  the  float 
produces  an  equal  rise  of  the  entire  structure  out  of  the 
water.  In  order  to  transfer  the  motion  of  the  float  without 
friction  and  without  the  use  of  any  packing,  to  the  record- 
ing apjiaratus,  an  iron  piece  g  is  set  on  a  brass  spindle  /, 
surrounded  by  a  brass  jiipe,  well  screwed  on  to  the  cover 
of  the  device.  Around  this  brass  jnpe  is  located  a  magnet 
resting  on  the  lever  h.  The  stylus  i  then  shows  the  velocity 
occurring  at  the  instant.  By  means  of  the  counter  device 
k,  the  amount  of  gas  flowing  through  the  pipe  or  passage 
can  be  read  direct. 

The  clever  arrangement  of  this  ciumtcr-device  is  shown  in 
Fig.  E.  The  end  of  the  lever  carrjdng  the  magnet  is  pro- 
vided with  a  graphite  piece  a,  the  shape  of  which  has  to  be 
established  experimentally  so  as  to  be  in  accordance  with 
the  section  of  the  measuring  tube.     A  small  clockwork  ar- 


former  power  plant  of  the  factory  became  insufficient  to 
take  care  of  the  increased  output,  while  the  limitations  of 
space  did  not  allow  of  an  increase  of  equipment  by  installing 
more  units.  The  only  thing  that  remained  therefore  was 
to  take  out  the  existing  equipment  and  to  put  in  new  units 
which  would,  with  the  same  amount  of  space,  produce  a  sub- 
stantially larger  output  of  steam.  While  the  use  of  water 
tube  boilers  would  solve  this  problem  suffleiently  well  it  could 
not  be  resorted  to  on  account  of  the  extremely  bad  proper- 
ties of  the  water  in  the  river  Ihme,  from  which  the  boiler 
feedwater  was  taken.  After  careful  consideration  of  the 
situation,  the  use  of  very  large  triple  flue  boilers  was  de- 
cided upon  and  units  weie  selected  having  155  q.m.  heating 
surface  and  producing  steam  at  12  atmospheres  pressure. 
300  deg.  cent.  (540  deg.  fahr.)  super  beat,  the  feedwater 
l)eing  previously  preheated  to  110  deg.  cent.  (230  deg.  fahr.) 
in  a  cast-iron  cylinder  of  the  Green  type.  Fig.  5  shows  the 
way  the  installation  was  effected. 

Niiw  Evaporation  Apparatus  for  the  Production  or 
Disi'iLLED  Water  {Ein  neuer  Verdampfapparat  zur  Er- 
.zeugwnp  von  distilliertein  Wasser,  H.  W.  Zeits.  fur  Bampf- 
kt>:sel  und  ilaschinenbetrieb,  vol.   37.   no.   30,  p.  367,   .July 
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42,  1914.  1  p.,  1  fig.  d).  The  article  describes  a  new  ap- 
paratus for  the  production  of  distilled  water.  The  appa- 
ratus, built  by  the  Balcke  Machine  Company  of  Bochum, 
Germany,  differs  from  other  types  now  on  the  market  in 
that  it  compresses  a  part  of  the  steam  of  evaporation  by 
means  of  live  steam  and  in  this  way  enables  the  former  to 
take  part  in  the  further  evaporation  process,  the  compres- 
sion being  effected  by  means  of  what  the  author  calls  a 
"  thermo-eompressor."  This  is  nothing  but  a  steam  jet  ap- 
paratus of  peculiar  construction,  possessing  an  exception- 
ally high  efhciency,  and  is  the  most  important  part  of  the  ap- 
paratus; the  latter  delivers  distilled  water  ready  for  actual 
use. 

The  general  construction  of  the  apparatus  is  shown 
in  Fig.  6.  It  consists  of  the  raw  water  tank  .4  and  pre- 
heater  B,  thermo-eompressor  C  and  vaporizer  D,  in  addition 
to  which  there  are  of  course  piping,  condensers  and  a 
wrought  iron  frame.  The  vaporizer  works  by  means  of 
live  steam  which  is  led  on  to  the  thermo-eompressor  after 
it  has  gone  through  the  water  separator  TT'.  A  part  of  the 
live  steam  carries  over  by  suction  from  three  to  four  times 
its  weight  of  steam  from  the  evaporation  chamber  K  of  the 
vaporizer,  the  compressed  steam  mixture  passing  then  into 
the  vaporizer  chamber  D.  Here  the  steam  mixture  is  con- 
densed and  gives  up  its  heat  to  the  distilled  water,  which 
is  equivalent  to  producing  from  the  water  to  be  distilled,  an 
amount  equal  to  its  weight  of  steam  of  evaporation.  If  now 
one  part  of  live  steam  compresses  four  parts  of  steam  of 
evaporation,  in  five  parts  by  weight  of  the  steam  mixture 
reaching  the  vaporizer  chamber,  it  will  convert  five  parts 
by  weight  of  water  into  a  similar  weight  of  steam  of 
evaporation.  Out  of  these  five  parts,  four  are  carried  by 
suction  through  the  thermo-eompressor,  conducted  into  the 
steam  chamber,  and  there  condensed,  while  the  fifth  part 
goes  into  the  preheater  B  and  preheats  there  the  entire 
water  which  is  to  be  distilled  to  nearly  100  deg.  cent.  (212 
deg.  fahr.).  It  appears  that  when  water  starts  with  an 
initial  temperature  of  10  deg.  cent.  (50  deg.  fahr.),  this 
amount  of  steam  is  just  sufficient  for  doing  that  work.  As 
a  result,  therefore,  the  total  steam  of  evaporation  is  con- 
densed, four  parts  in  effecting  further  evaporation  and  one 
part  in  the  preheater,  and  the  water  of  condensation,  which 
is  in  this  case  also  the  distillate,  is  conducted  into  the  stor- 
age tank  and  used  for  any  purposes  that  may  be  required. 

General  Considerations  Concerning  Condenser  Air 
Pumps  {Considerations  generales  sur  les  pompes  d,  air  des 
condenseurs,  A.  Delas.  Memoires  de  la  Societe  des  In- 
genieurs  Civils  de  France,  ser.  7,  vol.  67,  no.  5,  May  1914, 
p.  585.  11  pp.,  13  figs.  d).  The  article  describes  various 
air  pumps  used  in  connection  with  steam  turbine  plants. 
It  is  mainly  of  historical  and  descriptive  nature  and  pre- 
sents general  considerations  on  the  construction  of  appa- 
ratus, otherwise  well  familiar  to  American  engineers,  such 
as  the  Leblanc  rotary  jet  pump  and  the  Delaporte  ejeetair 
(for  the  latter  see  The  Journal,  July  191.3,  p.  1183). 
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Remarks  on  the  Strength  and  Ductility  of  Malleable  Cast 


Iron  After  the  Skin  has  been  Removed,  Enrique  Tou- 
ceda  (abstracted) 
The  Selection  of  Grinding  Wheels  for  the  Foundry,  C.  F. 

Dietz 
Elimination  of  Waste  Motion  in  Bench  Molding,  R.  E.  Ken- 
nedy and  J.  C.  Pendleton 
Researches  in  the  Annealing  Process  for  Malleable  Castings, 

Oliver  W.  Storey 
General  ilelting  Characteristics  of  Acid  Steel  for  Castings, 

A.  F.  Stirling  Blackwood 
Safety  and  Sanitation  in  the  Brass  Foundry,  F.  Moerl 

Remarks  on  the  Strength  and  Ductility  or  Malle- 
able Cast  Iron  After  the  Skin  has  been  Removed,  En- 
rique Touceda  (13  pp.,  3  figs.  pe).  This  article  discusses 
the  question  of  the  strength  and  ductility  of  malleable  cast 
iron  after  the  skin  has  been  removed,  and  combats  the  idea 
that,  after  the  skin  has  been  removed,  the  remaining  metal 
is  of  inferior  quality,  if  not  absolutely  worthless.  As  re- 
gards the  structural  composition  of  good  malleable  iron,  one 
must  bear  in  mind  that,  if  it  has  been  properly  annealed,  its 
structure  must  consist  of  ferrite  and  free  carbon,  and  with 
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the  exception  of  the  fen-ite  in  the  rim,  the  ferrite  in  the  rest 
of  the  piece  is  contaminated  more  or  less  with  free  carbon, 
so  that,  with  two  exceptions,  the  structural  compositions  of 
wrought  and  malleable  iron  are  in  the  main  identical.  One 
of  these  exceptions  is  that  the  fenite  of  the  malleable  iron 
is  higher  in  silicon  than  that  of  the  wrought  iron,  but  that 
affects  neither  the  ductility  nor  the  size  of  the  crystals  of 
the  ferrite.  The  other  exception  results  from  the  presence 
of  free  carbon  in  the  ferrite  of  malleable  iron,  which  may 
affect  the  strength  of  the  iron  and  ductility  of  the  material 
wliere  it  occurs  in  concentrated  form,  in  patches.  As  re- 
gards the  skin,  it  appears  that  if  the  annealing  process  has 
been  arrested  at  the  exact  moment  when  the  last  trace  of 
free  or  pearlitic  cementite  in  the  casting  has  been  broken  up 
into  ferrite  and  free  carbon,  there  will  be  around  the  edge 
of  the  easting  a  rim  about  '/g,  in.  deep  of  practically  car- 
bonless iron.  The  structure  of  the  balance  of  the  section 
IS  very  uniform  throughout.  The  author  discusses  at  certain 
length  the  influence  of  the  rim  on  the  strength  of  the  bar 
and  its  elongation,  and  while  he  admits  that  the  rim  can  add 
greatly  to  the  final  strength  of  the  bar,  he  questions  the  pos- 
sibility of  its  affecting  the  elongation,  at  least  affecting  it 
favorably,  and  comes  to  the  conclusion  tliat  any  record  of 
elongation  on  a  malleable  iron  test  bar  expresses  elonga- 
tion of  the  metal  in  the  core  only,  as  the  metal  in  the  rim 
is  capable  of  further  stretching. 

The  author  during  the  past  few  years  has  made  numer- 
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ous  physical  tests  on  malleable  cast  iron,  and  he  noticed  that 
defects  nearly  always  exist  in  the  bars  such  as  are  usually 
made  for  tensUe  tests,  due  to  the  unsoundness  caused  by 
shi'inkage  or  faulty  contraction  as  the  case  may  be.  Many 
test  bars  are  made  with  a  reduced  section  either  to  enable 
the  grips  of  the  machine  to  hold  the  specimen  better  or  to 
force  the  bar  to  break  outside  the  grips.  A  bar  cast  in  this 
manner  is  nearly  always  defective,  due  to  the  inability  of 
the  iron  to  set  normally.  In  bars  of  uniform  section  through- 
out, defects  are  frequently  found  to  exist  at  the  central  por- 
tion of  the  bar.  In  experiments  to  determine  the  difference 
in  strength  between  skin  and  core,  often  as  much  as  ■'/^g  in. 
of  the  stock  is  removed  in  the  finishing  cut  all  around  the 
bar  which  represents  perhajjs  30  per  cent  of  the  original 
area  and  sometimes  even  more.  If  the  region  around  the 
center  of  the  test  bar  is  unsound,  the  data  of  such  a  test  can 
give  no  information  as  to  the  relative  strength  of  the  metal 
in  skin  or  core.  In  order  to  determine  the  relative  strength 
of  machined  pieces  and  pieces  with  the  skin  on,  dynamic 
tests  were  made  with  the  following  results: 

AFIEKNOON    HEAT    OF    JUNE    3 

Unmachiued  wedges  Machined  wedges 

Average  of  4  tests,  1S.5  blows  Average  of  4  tests,  13.2  blows 

AFTEENOON    HEAT    OF   JUNE    4 

Unmachiued  wedges  Machined  wedges 

Average  of  4  tests,  29.75  blows  Average  of  4  tests,  26.3  blows 

MORNING    HEAT    OF    JUNE    6 

Unmacbined  wedges  Machined  wedges 

Average  of  4  tests,  19.75  blows  Average  of  4  tests,  21.2  blows 

The  author  discusses  in  further  detail  the  question  as  to 

why  he  selected  for  the  test  purposes  bars  in  the  foi-m  of 

wedges,  a  shape  which  appears  to  give  good  results  for  this 

particular  purpose. 

Elimination  op  Waste  Motion  in  Bench  Molding,  R. 
E.  Kennedy  and  J.  Pendleton  (10  pp.,  4  figs.  dp).  The 
article  describes  methods  of  elimination  of  waste  motion  in 
bench  molding.  In  studying  the  conditions  existing  in  an 
ordinary  foundry,  the  writer  has  found  a  considerable 
amount  of  wasteful  lost  motion  due  to  an  inconvenient 
arrangement  of  the  bench,  and  it  was  found  best  to  have 
the  benches  made  of  the  wall  type,  even  though  in  a  great 
majority  of  cases  a  portable  bench  over  the  sand  pit  is  most 
economical,  due  to  the  reduced  handling  of  sand  and  mould. 
On  the  bench  shown  in  Fig.  7,  the  arrangement  is  such  that 
the  tools  have  to  be  placed  in  the  proper  places  and  the  fore- 
man or  molder  can  see  at  a  glance  whether  the  tools  are  all 
in  proper  condition.  Every  tool  can  be  seen  at  once,  so  that 
there  is  practically  no  loss  of  time  in  searching  for  it  on  the 
bench.  The  tool  box  is  returned  to  the  tool  room  each  even- 
ing, when  the  condition  of  the  tools  may  be  inspected.  Spe- 
cial tools  are  placed  in  the  box  issued  to  the  molder  as- 
signed to  a  particular  job  where  they  are  required,  and  the 
bench  cannot  then  be  littered  with  a  mixture  of  tools,  pat- 
terns, old  cores,  etc.  The  two  brackets  marked  AA  are  to 
hold  the  cope  when  no  patterns  are  to  be  drawn  from  it. 
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Draining  Kerr  Lake,  Robert  Livermore 

Nodulizing  Blast-Furnace  Flue  Dust,  Lawrence  Addicks  (ab- 
stracted) 

Basic-Lined  Converter  Practice  at  the  Old  Dominion  Plant, 
L.  0.  Howard 
August  1914 


Melting  of  Cathode  Copper  in  the  Electric  Furnace,  Dorsey 

A.  Lyon  and  Robert  M.  Keeney 
Tests  of  Rock  Drills  at  North  Star  Mine,  California 
Rope  Idlers  in  the  Raven  Shaft,  George  A.  Packard 
Electrical  Fume  Precipitation  at  Garfield,  W.  H.  Howard 
The  Annealing  of  Cold-Rolled  Copper,  Earl  S.  BardweU  (ab- 
stracted) 
Curves  for  the  Sensible  Heat  Capacity  of  Furnace  Gases, 
C.  R.  Kuzell  and  G.  H.  Wigton 

Nodulizing  Blast  Furnace  Flue  Dust,  Lawrence  Ad- 
dicks (July  1914,  4  pp.  ep).  The  article  describes  a  proc- 
ess used  at  the  refinery  of  the  United  States  Metal  Refin- 
ing Company,  Chrome,  N.  J.,  where  a  large  amount  of  uu- 
smelted  blast  furnace  flue  dust  has  been  accumulating  and 
some  scheme  had  to  be  devised  for  usefully  taking  care  of 
this  material.     After  a  careful  consideration  of  the  prob- 
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lem,  the  process  of  nodulizing  was  decided  upon.  The  kiln 
was  approximately  2  ft.  in  diameter  and  20  ft.  long  and 
was  fired  with  fuel  oil,  the  consumption  being  about  50  gal. 
of  oil  per  ton  of  flue  dust.  Later,  a  larger  kiln,  60  by  6 
ft.  was  decided  upon  with  a  6  m.  brick  huing.  With  the 
test  kiln,  there  was  a  decided  tendency  to  the  formation  of 
nose  rings,  and  it  was  found  that  to  avoid  them  a  steady  con- 
dition of  flame  was  very  necessary.  Trouble  was  also  ex- 
perienced because  of  a  formation  and  subsequent  plaster- 
ing of  sand  on  the  walls  through  overheating  of  the  kiln. 
This  could  be  obviated  only  by  skill  and  care  on  the  part 
of  the  attendant.  As  regards  the  comparison  of  noduliz- 
ing with  blast  roasting,  it  was  found  that  the  former  was 
entirely  independent  of  the  necessity  of  having  a  properly 
balanced  internal  fuel  supply. 

As  far  as  the  operating  cost  goes,  the  cost  of  fuel  is 
tlie  deciding  element.  A  single  operator  can  attend  to  the 
firing  of  several  kilns,  and  the  repairs  should  be  small  as 
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the  machinerj-  is  simple,  thoroughly  standardized,  and  not 
exposed  to  the  heat. 

The  Annealing  of  Cold-Rolled  Copper,  Earl  S.  Bard- 
well  (20  pp.,  20  figs.  eA).  The  author  discusses  the  an- 
nealing of  cold-rolled  copper  with  respect  to  the  effect  of 
annealing  temperatures  on  physical  properties  and  changes 
in  the  mierostructure  of  refined  copper  due  to  cold-rolling 
and  annealing.  As  regards  the  iormer,  the  test  bars  were 
selected  with  the  contents  of  copper  and  silver  together 
from  OO.y.'i  to  'M.V5  per  cent  and  varying  in  oxygen  con- 
tents between  the  limits  of  0.036  and  0.070.  The  tensile 
strength  of  cop])er  wire  annealed  at  various  temperatures 
is  given  in  the  article  both  in  the  form  of  tables  and  curves. 
It  was  figured  out  by  multiplying  the  breaking  weight  in 
pounds  by  the  recii)rocate  of  the  cross-section  area  in  square 
inches.  As  the  temperature  of  annealing  increased,  the 
tensile  strength  pretty  unifoimly  went  down  from  63,000 
to  65,000  lb.  at  a  temperature  of  annealing  of  60  deg. 
fahr.  to  about  35,000  lb.  at  1000  to  1100  deg.  fahr.,  and 
then  began  slowly  to  rise  from  37,000  to  39,000  lb.  for 
a  temperature  of  1800  deg.  fahr.  On  the  other  hand,  the 
percentage  of  elongation  reached  its  ma.\imum  at  about 
]300  deg.  fahr.  The  author  compares  his  results  with 
the  results  obtained  by  the  French  investigator,  Capt.  C. 
Grard,  whose  results  differ  materially  in  some  respects  from 
those  obtained  by  the  author,  but  this  article  goes  further 
into  detail  with  respect  to  tiie  changes  in  the  mierostruc- 
ture of  refined  copper  due  to  cold-rolling  and  annealing.  It 
is  found  that  the  temperature  at  which  strained  metal  is 
annealed  seems  to  exert  considerable  influence  upon  the 
formation  of  polysynthefic  twin  crystals  as  well  as  upon 
the  size  of  the  crystals  in  general.  The  increase  in  the  size 
of  the  crystals  is  accompanied  by  a  decrease  in  the  per 
cent  of  elongation,  which  is  of  interest  since  a  piece  of 
annealed  metal  ha\ing  a  maximum  per  cent  elongation  is 
in  the  best  physical  condition  for  withstanding  further 
mechanical  treatment.  As  regards  the  trouble  caused  by 
over-heating  copper  in  tlie  annealing  furnace,  it  appears 
that  over-heating  facilitates  the  development  of  polysyn- 
thefic twin  crystals  and  results  in  a  decrease  of  the  per 
cent  elongation.  Sheets  whicii  have  been  overheated  in 
this  way  give  trouble  by  cracking  at  the  edges.  If  the  an- 
nealing temperature  is  \er\  high,  gases  wliich  are  unable 
to  escape  when  the  metal  is  cast,  tend  to  segregate  at  the 
granular  boundaries.  Overheating  the  copi)er  previous  to 
the  breaking-down  rolls,  as  a  rule,  results  in  blisters.  When 
the  annealing  temperature  becomes  so  high  that  the  metal 
begins  to  soften,  the  gases  contained  in  tlie  metal  tend  to 
force  the  grains,  thus  causing  cracks  into  which  the  oxygen 
in  the  atmosphere  penetrates. 

Bulh-tin,  September  1914,  Xeic  York  City. 

Cun-es  for  the  Sensible-Heat  Capacity  of  Furnace  Gases, 

C.  K.  Kuzell  and  G.  H.  Wigton 
The  Surface  Dccarbonization  of  Tool  Steel,  .J.  Y.  Emmons 

(abstracted) 
Coal-Dust  Explosion  Investigations,  M.  J.  Taffanel 
Rolled  Steel  Roll  Shells,  James  C.  H.  Ferguson 
Finishing  Temperatures  and  Properties  of  Rails,  George  K. 

Burgess,  J.  J.  Crowe,  H.  S.  Rawdon,  R.  W.  Wallenberg 
Manganese  Steel  and  the  AUotropic  Theory,  Albert  Sauveur 

The  SuRF.iCE  DKCAHnoxizATiox  OF  Tool  Steel,  -J.  V.  Em- 


mons (15  pp.,  13  figs.,  teA).  The  article  discusses  surface  de- 
carbonization  of  tool  steel.  The  phenomenon  itself  has  been 
observed  before,  but  the  origin  and  effects  of  it  liave  been 
but  little  studied.  In  order  to  investigate  the  reaction  occur- 
ring in  the  surface  decarbonizafion  and  to  determine  the  rate 
at  which  it  proceeds  at  various  temperatures,  pieces  from  a 
bar  were  annealed  in  a  strong  current  of  pure  dry  carbon 
dioxide  at  various  temperatures,  after  which  a  microscopic 
examination  was  made  of  the  cross-section  and  the  depth  of 
dccarbonization  measured  by  means  of  a  micrometer  eye  piece. 
I'or  greater  ease  and  accuracy,  it  was  measured  only  from 
the  surface  to  the  point  of  supersaturation  or  to  the  point 
where  free  cementite  first  made  its  appearance.  In  all  these 
experiments,  decarbonization  has  been  effected  by  oxygen  in 
the  form  of  a  gas:  In  order  to  determine  if  it  is  necessary 
for  the  oxygen  to  be  in  the  form  of  a  gas  to  combine  with 
the  carbon  in  the  steel  a  crucible  of  lead  was  saturated  with 
lead  oxide  by  the  addition  of  litharge.  The  test  piece  was 
annealed  in  it  for  tliree  liours  at  1500  deg.  fahr.,  after 
which  a  microscopic  examination  revealed  decarbonization  to 
a  depth  of  0.024  in.,  wliich  shows  that  easily  reducible  oxides 
when  dissolved  in  a  metal  bath  may  also  effect  the  elimina- 
tion of  carbon.  The  experiments  have  on  the  whole  shown 
that  carbon  is  removed  from  steel  by  a  process  of  oxidation 
which  may  be  effected  either  by  gases  or  liquids :  that  among 
bases,  the  principal  active  agents  are  air,  carlion  dioxide  and 
water,  while  as  to  the  liquids,  any  good  oxidizing  agent  dis- 
solved in  a  lic|nid  bath  may  be  the  active  agent.  During 
the  annealing,  carbon  dioxide  necessary  for  the  elimination 
of  carbon  may  be  formed  through  the  reduction  of  iron  oxide 
by  carbon  monoxide,  but  no  case  has  been  observed  wiiere 
carbon  was  eliminated  while  the  steel  was  heated  below  its 
critical  point,  which  proves  that  carbon  must  be  dissolved  in 
the  iron  before  decarbonization  can  take  place.  The  rate  of 
decarbonization  under  uniform  conditions  is  constant  with- 
out regard  to  the  depth  to  which  it  has  proceeded.  This 
would  tend  to  indicate  that  the  carbon  is  transferred  from 
the  interior  to  the  surface  liy  dift'usioii  toward  the  solid 
solution. 

The  practical  inipdrtance  of  decarbonizatimi  of  tool  steel 
lies  in  the  difficulty  of  niachiiiiiig  what  is  known  as  "bark" 
ur  tlie  decarbonized  surface,  wliich  must  be  removed  before 
the  steel  can  be  used  for  cutting  tools,  wearing  surfaces, 
etc.  The  dejith  of  the  bark  may  vary  greatly,  owing  to 
oxidizing  conditions  during  the  hammering,  rolling  and  an- 
nealing of  the  rough  material.  The  common  method  of  de- 
termining the  thickness  of  the  bark  is  by  examining  the 
liardeiied  fracture  by  means  of  the  naked  eye  or  under  a 
magnifying  glass.  The  bark  shown  is  coarser  grained  than 
the  high  carbon  interior.  The  author  has  made  a  number 
of  experiments  to  determine  the  reliability  of  this  method, 
the  data  of  which  will  be  found  in  the  Table  1,  p.  0199. 
From  it,  it  appears  that  witli  the  increase  of  temperature 
there  is  an  increase  in  tlie  amount  of  bark,  due  obviously 
fo  the  fact  that  an  increased  amount  of  cementite  is  held 
in  solution  by  quenching  from  the  higher  temperatures.  The 
method  of  inspection  by  the  naked  eye  or  under  a  magnify- 
ing glass  is  therefore  reliable  only  when  the  hardening  heats 
are  carefully  regulated  and  the  results  frequently  checked 
by  microscopic  examination.  The  most  reliable  method  of 
inspection  is  by  microscopic  examination  of  an  annealed 
specimen  in  which  case  the  measurement  of  the  depth  of 
(lecarbonizafitin  may  be  made  with  a  micrometer  eyei^iece. 
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In  the  machining  of  tool  steel,  the  bark  presents  serious 
difficulties  which  increase  still  further  when  the  machining 
is  done  in  such  a  manner  that  only  a  part  of  the  layer  of 
coai-se  pearlite  is  removed.  In  this  case  the  surface  of  the 
work  will  be  rough  and  the  point  of  the  tool  worn  out  with 
great  rapidity.  The  cause  of  the  appearauce  of  a  layer  of 
coarse  crystals  is  the  difference  between  the  critical  points 
of  eutectoid  and  hypereutectoid  steel,  the  eutectoid  steel  be- 
ing at  the  correct  temperature  for  annealing,  while  the 
hypereutectoid  steel  is  far  enough  above  its  critical  point  to 
allow  the  crystallized  grains  to  grow  to  a  considerable  size. 
The  cause  of  tiie  hard  wear  on  the  cutting  tool  when  en- 
countering bark  formation  is  due  to  the  way  the  tool  cuts, 
viz.,  the  fact  that  when  removing  a  chip  from  a  piece  of 
metal,  it  splits  it  off  by  an  action  similar  to  a  wedge  so  that 
the  hardest  work  of  the  tool  occurs  not  at  the  extreme  point, 
but  a  short  distance  back  from  the  point  where  the  pressure 
of  the  chipping  is  greatest.  There  is  therefore  always  a 
crack  running  ahead  of  the  tool  as  it  is  forced  through  tlie 
material  which  is  being  cut,  !>ut  when  tlie  tool  is  cuttnig  iu 
coarse  pearlite,  this  crack  will  follow  the  lines  of  least  re- 

TABLE  1  DEPTH  OF  BARK  AS  A  FUNCTION  OF  TEMPERATURE 
OF  HARDENING 


Temperature  of  Hardening, 
deg.  fahr. 
1370 
1380 
1390 
1415 
1435 
1460 
1490 
1S30 


Depth  of  bark, 
inches 
0.015 
0  018 
0  018 
0.018 
0  021 
0.020 
0  024 
0  027 


sistance  which  in  this  case  are  the  boundary  lines  of  the 
grains  and  through  the  grain  in  the  direction  of  tiie  lamina- 
tions. The  larger  the  size  of  crystalline  grains,  the  more  ir- 
regular will  be  the  crack  and  the  rougher  the  resulting  sur- 
face. Now  the  rough  surface  left  by  the  crack  running 
ahead  of  the  tool  increases  the  amount  of  work  and  friction 
on  the  extreme  cutting  edge,  the  point  of  tlie  tool  being 
obliged  to  rub  over  the  protruding  grains  of  pearlite  and 
to  tear  out  some  of  them  entirely.  This  is  intensified  by  the 
great  abrasive  quality  of  the  cementite  when  held  by  alter- 
nate plates  of  ferrite.  The  case  becomes  e\en  worse  when 
the  bark  consists  of  a  band  of  coarse  hypereutectoid  steel 
l.>elow  the  band  of  coarse  pearlite,  in  which  case  the  coarse 
grains  of  pearlite  are  bound  by  a  cementite  underwork  wliich 
seems  to  add  greatly  to  the  difficulty  of  machining.  That  the 
bark  has  to  be  removed  there  can  be  scarcely  any  doubt, 
since  when  a  piece  of  steel  is  hardened  the  surface  is  hard- 
ened only  in  proportion  to  the  carbon  it  contains.  Since,  fur- 
ther, in  the  great  majority  of  cases  where  tool  steel  is  used, 
it  is  the  edge  that  takes  up  the  most  severe  work,  the  presence 
of  the  bark  would  rapidly  produce  blunt  edges  in  tools,  un- 
dersized in  reamers  and  twist  drills,  or  over  sized  in  dies. 
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Proceedings,  vol.  40,  no.  6,  August  1914,  New  York  Citij. 

External   Corrosion   of   Cast   Iron   Pipe,   Marsliall   R.   Pugh 

(abstracted) 
The  Design  and  Construction  of  Four  Reinforced  Concrete 

Viaducts  at  Fort  Worth,  Texas,  S.  "W.  Bowen 
The  Clarification  of  Sewage  by  Fine  Screens,  Kenneth  Allen 
External   Corrosion  op   Cast   Iron   Pipe,  Marshall  R. 


Pugh  (50  pp.,  21  figs.  gp).  The  discussion  of  conditions  where 
special  protection  of  east  iron  pipes  against  external  cor- 
rosion is  needed  and  suggestions  of  preventive  methods 
adopted  to  different  cases,  forms  the  chief  part  of  this 
article.  The  author  takes  up  in  considerable  detail  cases 
where  cast-iron  pipe  proves  extremely  durable  as  well  as 
vvhere  it  deteriorated  very  rapidly.  He  mentions  the  acid 
and  electrolytic  theories  and  shows  that  among  the  conditions 
contributing  to  corrosion,  the  following  may  be  mentioned. 

The  rate  of  corrosion  lias  been  found  to  increase  in  pro- 
portion to  the  increase  of  free  carbonic  acid.  Cast  iron  sub- 
jected to  slow  action  of  dilute  acids,  as  for  example  acid 
water  from  mines,  retains  unchanged  the  external  shape  of 
(he  casting,  but  the  composition  of  the  metal  is  altered,  iron 
being  removed  in  solution.  Rain  water,  particularly  in 
Uimiderstornis,  contains  nitric  acid  or  nitrates  which  may 
also  be  present  in  polluted  waters;  potassium  nitrate  or 
potassium  sulphate  have  been  found  to  produce  strong  cor- 
rosion; magnesium  and  ammonium  chlorides  (the  form 
found  in  sea  water)  corrode  iron  even  in  the  absence  of 
air.  Oxygen  plays  a  very  important  part  in  corrosion.  The 
rate  of  motion  of  water  also  lias  a  bearing  on  the  rapidity 
of  corrosion,  as  under  certain  circumstances  it  brings  a  con- 
stantly renewed  supply  of  air  to  the  rusting  metal.  The 
action  of  living  matter  has  likewise  to  be  taken  into  consid- 
eration for,  although  the  direct  action  of  any  organism  is 
doubtful,  it  is  possible  that  certain  living  organisms  secrete 
acids  which  lead  to  corrosion.  This  applies  both  to  the 
animal  kingdom  and  humic  acids.  In  certain  places,  for 
example  in  Southern  Illinois,  the  soil  shows  a  marked  acid 
reaction,  and  when  it  does,  it  produces  a  material  intensifica- 
tion of  corrosion  of  steel  structures.  When  this  acid  con- 
tent exists  only  to  a  certain  depth,  steel  buried  at  a  greater 
depth  does  not  seem  to  exhibit  any  unusual  tendency  to  cor- 
rosion. The  author  discusses  also  the  conditions  of  inhibit- 
ing corrosion,  such  as  the  effect  of  concrete,  siliceous  scale 
on  cast-pieces,  the  presence  of  small  quantities  of  chromium, 
nickel  and  copper  in  the  iron,  the  presence  of  phosphorus 
and  the  coating  of  iron  witli  zinc  or  tin.  He  discusses  a 
number  of  cases  of  deterioration  of  cast-iron  pipe.  Among 
ihe  recipes  to  prevent  rusting  of  iron,  he  quotes  one  given  in 
(he  year  1790,  which  is  as  follows: 

'■  Fry  a  middling  eel  in  an  iron  pan,  and  when  brown  and 
thoroughly  fryed,  express  its  oil  and  put  into  a  phial,  to 
settle  and  become  clear  in  the  sun.  Iron  annointed  with  this 
oil,  will  never  rust,  although  it  lay  in  a  damp  place." 

The  more  modern  method  which  the  author  recommends 
is  resorting  to  the  improvement  of  the  skin  resistance  of  the 
metal.  The  use  of  lime  in  the  trenches  so  as  to  encase  the 
pipe  in  an  inhibiting  alkali  is  also  recommended.  Leaving 
the  pipe  in  an  open  trench  might  also  be  a  help  as  the  alter- 
nate wetting  and  drying  would  probably  be  preferable  to  a 
constant  exposure  to  moist  air,  salt  and  carbonic  acid  in 
the  swamp  soil.  At  Atlantic  City,  the  cast-iron  water  mains 
across  the  salt  marsh  liave  been  raised  above  the  surface  of 
the  middle  of  the  marsh  so  that  they  are  entirely  in  the  air. 
In  certain  cases  it  is  advisable  to  galvanize  cast  iron  instead 
of  giving  it  the  ordinary  bituminous  coating.  This  method 
has  also  been  used  in  some  instances  for  the  protection  of 
gratings,  covers  and  similar  castings.  The  writer  is  not 
aware  of  its  having  been  applied  to  cast-iron  pipe. 
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Journal,  lul.  26,  no.  3,  Aitgubt  I'Jl-l,  Washington,  D.  C. 

The  American  Society  of  Naval  Engineers,  Its  Origin,  Scope 
and  Purpose,  Rear  Admiral  John  R.  Edwards 

The  Engineering  Experiment  Station,  H.  G.  Bowen  (ab- 
stracted) 

Optical  Glass,  F.  J.  Cleary 

Method  of  Mending  Crack  in  Cylinder  Flange,  Capt.  F.  W. 
Bartlett 

The  Dynamical  Equivalent  of  Heat,  Rear  Admiral  John 
Lowe 

Notes  on  Evaporating  Plants,  H.  C.  Dinger 

Corrosion  of  Common  Metals  and  Methods  of  Prevention, 
S.  J.  Zeigler 

Notes  on  Aeroplane  Stabilization,  Wm.  L.  Cathcart 

The  Exgineebing  Experiment  Station,  H.  G.  Bowen 
(15  pp.,  16  figs.,  g).  The  article  presents  briefly  the  results 
obtained  at  the  Engineering  Experiment  Station  of  the 
United  States  Navy  at  Annapolis.  This  station  appears  to 
have  definitely  proved  its  value  to  the  United  States  Navy, 
as,  e.g.,  it  has  in  some  cases  materially  reduced  the  price 
paid  for  navy  supplies.  It  is  conclusively  shown  that  rub- 
ber sheet  packing  is  worthless  for  higli  pressures  and  that, 
for  the  present,  metallic  ring  packings  have  no  substitute. 
Tests  with  respect  to  gage  glasses  have  shown  that  the  glass 
of  tubular  or  reflex  gages  corrodes  in  high-pressure  steam 
under  the  usual  surface  conditions,  and  if  this  action  con- 
tinues long  enough,  the  glass  will  dissolve  and  finally  fail 
under  pressure.  The  only  certain  and  efficient  method  of 
protecting  the  gage  is  by  covering  the  pressure  side  of  the 
glass  with  a  thin  sheet  of  mica  which  keeps  the  glass  trans- 
parent and  miattacked  as  long  as  the  mica  covering  is  in- 
tact. Further,  it  has  been  found  that  superheated  steam  cor- 
rodes and  does  not  erode  valve  fittings,  and  that  monel  metal 
resists  this  corrosive  action  better  than  class  A  or  B  steel. 

With  respect  to  lubricants,  it  has  been  found  that  when 
sulphuric  acid  is  mixed  with  oil  while  the  latter  is  being  re- 
fined, the  oil  may  form  a  sulphonated  product  which  is  not 
wholly  eliminated  and  may,  under  sufficient  agitation,  pres- 
sure and  temperature,  break  down  into  acid  and  waxy 
sludges.  A  specially  constructed  macliine  has  been  pro- 
vided for  testing  forced  lubrications  under  service  condition 
and  observing  their  action  when  mixed  with  salt  water  (see 
The  Journal,  July  1914,  p.  152). 

The  subject  of  corrosion  of  packing  and  boiler  plates  has 
been  investigated  and  among  other  things,  the  strength  of 
a  solution  of  sodium  carbonate,  which  would  render  aU  boiler 
materials  non-corrosive,  has  been  established  and  a  com- 
pound has  been  issued  to  the  service  having  the  following 
composition : 

Calcined  soda  ash   (96  per  cent  NajCOj) 64  to  69  per  cent 

Tri-sodiuin   phospliato    (06  per  cent  NaaPO,) 15  to  20.5  per  cent 

Glucose    1.5  per  cent 

Tannic  acid  (contained  in  ciitcli  digested  witb 

caustic    soda) 9.0  to  10.0  per  cent 

The  tannic  acid  is  introduced  in  order  to  hold  the  pre- 
cipitates in  suspension  and  to  prevent  adhesion  of  the  scale- 
forming  salts  to  the  heating  surfaces  while  the  glucose  tends 
to  prevent  adhesion  of  any  sulphate  scales. 

The  testing  of  feedwater  heaters  had  quite  a  large  share 
of  attention  in  the  Experiment  Station,  and  reliable  data  on 
the  transmission  of  heat  in  modern  feedwater  heaters  have 
been  developed.  Among  others  there  were  made  a  series  of 
tests  to  determine  the  rate  of  heat  transmission   in   B.t.u. 


jier  sq.  ft.  of  heating  surface  per  hr.  per  deg.  tahr.  tempera- 
ture difference  betw'een  the  steam  and  water  at  water  veloci- 
ties from  35  to  171  ft.  per  min.  and  with  various  shell  pres- 
sures. Another  series  of  tests  was  undertaken  to  indicate 
tlie  performances  of  an  apparatus  as  a  multipass  heater. 
Among  other  apparatus  tested  were  boiler  feed  pumps, 
forced  draft  blowers,  safety  valves  and  feed  meters.  One 
of  the  valuable  results  of  the  work  of  the  Experiment  Sta- 
tion is  said  to  be  the  elimination  of  material  which  on  short 
stereotyped  tests  is  satisfacton',  but  fails  in  long  duration 
competition,  as  well  as  the  elimination  of  undesirable  or 
freak  designs. 
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Transactions,  vol.  27,  part  2,  October  to  December  1913, 
Montreal. 

Elevator  Construction,  J.  Spelman   (abstracted) 
The  Toronto  Water  Filtration  Plant,  F.  F..  Longley 
Some  Disregarded  Stresses  on  Joints  and  Ends  of  Steel  in 
Reinforced    Concrete    Construction,    H.    A.    Icke    (ab- 
stracted ) 

ELEV.4T0R  Construction,  J.  Spelman  (10  pp.,  23  figs.,  d). 
The  article  gives  a  brief  historical  sketch  of  early  elevator 
construction  and  describes  a  number  of  units,  mainly  in 
Canada.  Among  other  things,  the  author  states  that  in  the 
elevator  at  Victoria  Harbor,  Port  McNicoll,  a  concrete  stack 
was  built  which  had  a  good  many  cracks  in  it,  the  reason  of 
which  was  that  there  was  not  sufficient  concrete  in  the  stack. 
Since  then,  another  stack  has  been  erected  in  which  there  are 
no  cracks  and  the  theory  upon  which  it  was  built  was  to  put 
in  enough  steel  to  take  the  tension  if  the  concrete  cracks  and 
then  enough  concrete  to  take  the  tension  anyway,  so  that 
the  tension  on  the  combined  section  of  the  concrete  and  the 
steel  should  be  large  enough  to  prexent  the  concrete  from 
cracking,  the  walls  bemg  about  twice  as  thick  as  those  made 
by  the  ordinary  stack  builder. 

Some  Disregarded  Stresses  on  Joints  and  Ends  op 
Steel  in  Reinforced  Concrete  Construction,  H.  A.  Icke 
(5  pp.,  5  figs.,  t).  The  author  considers  the  disrupting 
forces  which  may  occur  as  the  result  of  the  development  of 
different  degrees  of  strain  in  contiguous  parts  of  the  steel,  or 
steel  and  concrete,  especially  in  lap  joints,  and  while  no 
claim  is  made  to  the  establishment  of  a  theoretical  method  of 
determination  of  the  precise  eti'ect  of  these  disrupting  forces, 
he  recommends  the  following  practical  rules  for  their  pre- 
vention : 

(1)  Bars  forming  lap  joint  and  sustaining  either 
tensile  or  compression  stress  should  each  be  cur\'ed  away 
from  the  other  for  a  little  less  than  half  the  lap,  so  that 
the  angle  of  deflection  of  the  curve  and  approximately 
the  divergency  between  the  two  bars,  at  any  distance 
from  the  point  of  springing  of  either  curve,  may  be 
proportional  to  the  difference  of  the  stresses  carried  by 
the  bars  at  that  distance  from  the  springing. 

(2)  Bars  should  not  end  pointing  in  the  same  direc- 
tion as  the  stress  (either  positive  or  negative)  carried 
by  the  concrete  or  contiguous  bars,  but  approximately 
at  right  angles  thereto. 

(3)  Bars  cannot  pick  up  stress  in  the  same  direction 
as,  but  differing  in  sign  from,  the  stress  earned  by  the 
concrete  in  which  they  are  imbedded. 


ENGINEERING    SOCIETIES 


0201 


CORPS  OF   ENGINEERS,    UNITED   STATES  ARMY 

Professional  SlemoirS;  vol.  6,  no.  29,  September-October. 
1914,  Washington  Barracks,  J).  C. 

Development  of  Explosive  for  Our  Demolition  Equipment, 

Major  W.  G.  Caples 
The  U.  S.  Seagoing  Suction  Dredge  "  New  Orleans,"  Major 

E.  H.  Schulz  (abstracted) 
Winter  Work  in  the  Construction  and  Repair  of  Dams  and 

Shore  Protections  in  the  United  States  Improvement  of 

the  U])per  Mississippi  River,  C.  AV.  Durham 
The  U.  S.  Seagoing  Suction  Dredge  "  New  Orleax.s." 
Major  E.  H.  Schulz  (12  pp.,  4  figs.,  d).  The  article  de- 
scribes a  suction  hopper  type  of  dredge  with  twin  screws 
and  twin  rudders,  built  in  this  country.  The  peculiar  feature 
of  this  dredge  is  the  suction-head.  This  is  of  the  Friihling 
type,  and  is  at  the  end  of  the  drag-arm,  which  is  hinged  and 
suspended  from  the  stern  of  the  vessel. 

The  dredge  arm  is  a  girder,  and  measures  68  ft.  6  in.  be- 
tween trunnion  centers  and  dredge-head  axis.  It  is  built 
up  of  steel  plates  and  angles  attached  at  each  end  to  steel 
castings  of  extra  good  quality.  The  two  26-in.  steel  suc- 
tion pipes  are  built  into  and  form  part  of  the  dredge-arm. 
The  steel  castings  (trunnions)  at  the -forward  end  of  the 
arm  work  in  steel  trunnion  bearings  forming  part  of  the  hull 
in  the  well.  To  the  castings  at  the  after  end  of  the  arm  are 
attached,  first,  the  suction-head  trunnions,  and  then  the  sue- 
tion-liead.  Both  the  suction-head  and  suction-head  trun- 
nions were  made  of  vanadium  cast-steel.  The  castings  at  the 
ends  of  the  dredge-arm  are  hollow  and  form  part  of  the  suc- 
tion pipe. 

The  original  suction-head  is  made  of  segments  of  three 
■widths,  and  can  be  made  10  ft.,  16  ft.  8  in.,  or  20  ft.  wide. 
The  pressure  water  (200  lb.  per  sq.  in.)  can  be  used  as  jets 
on  the  cutting  edge  to  loosen  hard  material,  or  as  mixing 
water  inside  the  head  when  the  mud  is  thick  enough  to  choke 
up  the  suction  to  the  pumps.  The  opening  in  the  suction- 
head  is  controlled  by  portable  baffle-plates. 

The  suction  end  of  the  arm  is  attached  to  the  special  hoist- 
ing winch  at  the  stern  of  the  dredge,  by  two  extra  pliable 
plough-steel  cables  11,4  in-  iu  diameter.  These  cables  are 
played  in  and  out,  depending  on  the  depth  and  character  of 
material.  At  about  the  center  of  the  dredge  arm  are  two 
oak  guides  with  steel  wearing  plates  that  work  on  steel  rub- 
bing plates  on  the  sides  of  the  well.  The  dredge-arm,  includ- 
ing the  suction-head,  weighs  about  60  tons. 

The  method  of  socket  connection  first  used  was  as  follows : 
The  ends  of  the  ^\■ire  (Fig.  8A)  were  passed  through  the 
socket,  served  inside  the  socket  with  wire,  the  end  imlaid,  the 
heart  taken  out,  the  ends  of  wire  bent  over  into  the  socket, 
and  the  spike  driven  into  the  heart.  The  ends  were  then 
brought  together  and  pulled  into  the  sockets  with  a  tackle. 
After  the  end  was  pulled  in,  the  socket  was  poured  full  of 
Magnolia  white  metal,  and  allowed  to  cool. 

An  accident  occurred,  however,  which  caused  a  test  to  be 
made  at  Tulane  University,  in  which  it  was  foimd  that  socket 
connections  made  exactly  similar  to  those  which  broke  on  the 
dredge  began  breaking  at  loads  of  44,000  and  38,200  lb.,  re- 
spectively, and  the  maximum  loads  carried  were  53,340  and 
58,090  lb. 

The  design  of  the  socket  has  therefore  been  changed,  and 
the  method  of  connectmg  the  cables  now  adopted  is  as  fol- 
lows: The  cable  is"  spliced  around  a  thimble  (Fig.  SB),  mak- 
ing a  loop,  which  takes  the  place  of  the  eye  of  the  socket.  No 
data  as  to  the  strength  of  this  construction  are  given. 
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Proceedings,  vol.  30,  no.  4,  May  1914.    Pittsburg. 

Measurement  of  the  Velocity  of  Flowing  Water,  Lewis  F. 

Moody 
Pilot  Tube  Formulas — Facts  and  Fallacies,  B.  F.  Groat 
(abstracted) 
PiTOT  Tube  Formulae,  B.  F.  Groat  (59  pp.,  12  figs., 
dtp).  The  article  discusses  the  application  of  the  pitot  tube 
formulae  and  possible  fallacies  in  this  connection.  The 
author  calls  attention  to  the  great  difference  of  opinion  as 
to  whether  the  head  raised  in  a  pitot  tube  is  equal  to  the 
velocity  head  of  the  impinging  water  or  to  twice  that  veloc- 
ity head,  and  shows  from  the  Bernoulli  formula  that  the 
head  cannot  be  twice  the  velocity  head  of  the  impinging 
water.  He  shows  further  that  it  is  incorrect  to  claim  that 
the  effects  of  eddies  and  friction  would  tend  to  cut  down 
the  head  so  as  to  vitiate  either  of  the  resulting  formulae 
applied  in  the  case  of  the  pitot  tube.     In  the  paper  itself 

the  author  proves  that  the  formula  ft  =  —  applies  to  the 

pitot  tube  while  the  formula  h  = —  applies  to  the  case  of 

9 
a  jet  impinging  perpendicularly  upon  a  plane  surface.     He 


Splice  and  etfe  both  served 


^■r— i 


f^  Dia.  Wire  Rope 


Wire  Rope  Clip 
End  of  Wire  spliced  around  Thimble 
PRESENT  METHOD  OFATTACHIN&  CABLE 


1}  DioCije  boll 


1^  Did  Wire  Rope 


-,.->-|  ^pike  p. 

Wire  of  Cable  broke  '  ^ 

approximately  along  this  Section 

METHOD  IN  USE  PRIOR  TO  BREAK  OF  CABLE  IN  SEPT.  1913 

Fig.  8     Two  Methods  of  Attaching  Cable  in  Dbedqes 

shows  also  that  in  both  of  these  cases,  the  actual  maximum 
pressure  head  developed  in  the  water  is  the  same  and  is 

equal  to  — ^  but  the  total  pressure  on  the  plane  surface,  if 
divided  by  the  numerical  value  of  the  area  of  the  jet,  would 
be  equivalent  to  an  average  pressure  head  representd  by 


An  interesting  part  of  the  paper  is  that  reporting  the  re- 
sults of  experiments  by  the  writer,  made  while  conducting 
an  elaborate  series  of  turbine  tests,  as  well  as  a  method  of 
determining  the  coefficient  of  the  pitot  tube  by  a  compari- 
son of  its  records  with  the  corrected  records  of  two  differ- 
ent types  of  current  meter  when  these  records  are  derived 
from  the  variable  velocities  of  a  tail  race. 

The  author  has  found  as  being  unquaUfiably  proved  by 
experimental  facts  that  the  intensity  of  pressure  of  a  jet 
of  water  upon  the  face  of  a  plate  is  always  and  everj-where 

2 

upon  the  plate  less  than  -  —>  where  w  is  the  weight  of  a 

cubic  unit  of  water,  and  that  experiments  on  taking  mano- 
meter pressures  through  holes  in  the  plate,  show  that  the 
pressure  upon  the  surface  of  the  plate  is  nowhere  greater 

than  ~^)  equaling  this  value  at  the  center  and  diminish- 
'^9 
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ing  radially  therefrom  in  all  directions.  The  author  then 
proceeds  to  an  experimental  determination  of  the  distribu- 
tion of  pressure  from  a  jjlane  surface  upon  which  a  jet  of 
water  impinges.  He  starts  from  data  obtained  by  William 
Monroe  White,  in  America,  and  J.  S.  Bere.sford,  in  India, 
who  found  that  the  pressure  falls  to  a  negligible  value  at 
the  distance  from  the  axis  of  the  jet  equal  to  the  diameter 
of  the  jet  and  that  the  portion  of  the  area  of  the  plate  which 
sustains  any  appreciable  jjressure  is  about  four  times  the 
sectional  area  of  the  jet. 

From  the  experiments  of  Beresford,  it  api)eai-s  that  in  no 
case  did  the  intensity  of  pressure  reach  that  due  to  a  column 
of  water  of  a  height  equal  to  the  head  of  water  in  the  bar- 
rel; or  in  other  words,  to  that  of  a  head  due  to  the  velocity. 
In  some  cases  it  approached  this  limit  to  within  ^/j„  of  an 
inch,  so  that  had  interfering  causes  been  entirely  removed, 
the  surface  of  the  water  in  the  two  glass  tubes  would  have 
been  on  the  same  level  for  actual  positions  of  the  plate. 

The  author  presents  a  simple  mathematical  proof  of  the 
pitot  tube  formula,  which  is  not,  however,  convenient  for 
abstracting.  The  conclusion  to  which  he  comes  is  that  the 
change  in  pressure  depends  in  no  measure  upon  the  man- 
ner in  which  the  velocity  changes  from  point  to  point,  but 
only  upon  the  initial  and  final  values  of  the  velocity,  and 
that  since  the  total  reaction  depends  upon  the  initial  and 
final  values  of  the  velocity  and  not  upon  the  intermediate 
velocity  gradients,  the  pressure  head  over  a  finite  area  at 
some  point  within  the  pitot  tube  is  practicallv  uniform  and 

equal  to-^"' 

The  paper  discusses  to  a  certain  e.vtent  questions  of  the 
effect  of  form  of  static  opening  and  the  reaction  of  a  jet 
with  respect  to  the  static  opening.  The  author  agrees  with 
the  statements  made  by  Mr.  W.  C.  Rowse  in  his  paper  on 
Pitot  Tubes  for  Gas  Measurement  in  the  Journal  of  the 
Am.  Soc.  M.  E.,  September  1913.  He  discusses  further  the 
problem  of  the  standing  wave  as  an  illustration  of  the  opera- 
tion of  hydrodynamic  forces  as  well  as  what  he  calls  "  nat- 
ural pitot  tubes." 

One  of  the  problems  which  the  author  set  for  himself  was 
to  determine  the  correctness  of  the  indications  of  the  pitot 
tube  when  handling  very  large  amounts  of  water,  e.g.,  such 
as  would  come  from  a  6000-h.p.  turbine,  when  the  observa- 
tions are  made  in  irregular  currents  of  variable  velocity.  To 
do  this,  the  author  decided  to  make  tests  with  two  different 
lypes  of  current  meter  and  should  the  meter  tests  not  agi-ee. 
to  check  the  meters  by  means  of  a  pitot  tube.  The  meters 
used  were  a  new  Haskell  meter  of  the  screw  type  and  a  new 
large  sized  Price  meter  of  the  cup  type,  carefully  rated  from 
a  boat  and  found  to  be  quite  reliable  in  the  ratings  when 
conditions  were  favorable.  When,  however,  conditions  were 
not  favorable,  the  ratings  of  the  two  meters  were  found  to 
vary  quite  materially;  it  was  later  determined  that  if  the 
boat  was  rocked  during  the  ratings,  the  meters  would  change 
their  rates  of  rotation  in  such  a  way  that  the  cup  meter  was 
always  accelerated  considerably  while  the  screw  meter  was 
always  retarded  sliglitly.  When  the  boat  was  rocked  in 
about  (lie  same  manner,  in  two  ratings,  one  ujion  the  screw 
meter  and  the  other  upon  the  cup  meter,  the  deviations  of 
the  screw  meter  were  alxnit  1-7  those  of  the  cup  meter  on 
the  side  of  deficiency,  the  deviations  of  the  cup  meter  being 
on  the  side  of  excess,  but  when  the  two  meters  were  operated 


simultaneously  m  a  tail  race,  taking  the  readings  of  equal 
weight,  in  two  different  comparisons,  for  the  same  meter 
points,  the  ratio  of  the  sum  of  the  velocities  by  one  meter  to 
the  sum  by  the  other  meter  was  an  almost  perfect  constant 
for  the  same  discharge;  i.e.,  the  meters  had  perfectly  definite 
ratings  in  the  races,  but  these  ratings  were  not  the  same  as 
those  determined  from  the  readings  in  still  water.  Neverthe- 
less, there  was  a  means  of  estimating  the  true  velocity  of  a 
perturbed  current  by  means  of  simultaneous  observation  with 
a  cup  meter  and  a  screw  meter  which  gave  a  basis  for  de- 
termining the  eoeftieient  of  the  pitot  tube. 

The  article  describes  and  illustrates  the  type  of  pitot  tube 
used  by  the  author  in  his  experiments.  It  has  an  interesting 
and  apparently  convenient  supporting  arrangement.     In  the 

TABLE  2  SUMMARY  OF  PITOT  TUBE  AND  HASKELL  METER 
COMPARI.SONS  FOR  99  VELOCITIES  TAKEN  I.V  DEPTHS  2.  3,  5, 
6.  7  IN  THE  TAIL  RACES 

(About  4000  individual  readings  of  the  head  indicated  by  the  Pitot  tube  were 
made  for  the  purpose  of  determining  the  figures  in  this  table.) 


Depth 

No.  of  Expt's 

Pitot 

Meter 

Ratio  P  -^M 

2 

22 

76.35 

72.59 

1.035 

3 

22 

82.03 

81.98 

1  001 

5 

22 

86.11 

86.37 

0.998 

6 

14 

59.11 

60.17 

0.982 

" 

19 

80.73 

S2.06 

0.9S4 

Totals. . . 

99 

384  53 

383.17 

1.004 

TABLE    3      CORRECTED     PITOT    TUBE    AND    HASKFI.L     METER 
COMPARISONS 

(Compiled  from  Tables  2  and  5) 


Ratio  of  Vel. 

True 

Velocity  by 

by  P  to  Vel. 

Computed 

Coefficient 

Depth 

\"elocity 

HaakeU 

by  H 

Velocity 

of  Pitot 

Table  No.  2 

Table  No.  2 

Table  No.  5 

by  Pitot 

Tube 

2 

3.98 

3  90 

1  055 

4.11 

0  968 

3 

4.48 

4  44 

1.001 

4.44 

1  010 

3 

4.92 

4.89 

0.998 

4.88 

1  009 

6 

5.57 

5  55 

0.982 

.5.45 

1.021 

' 

6,17 

6  15 

0.984 

6.05 

1  020 

25.12 

24.93 

24.93 

1  oos 

Mean  coefficient  of  Pitot  tube  in  tail  races  =25. 12  H-24.93  =  1.008. 

turbine  tests  the  dynamic  orifice  of  the  pitot  tube  was  con- 
nected to  the  interior  pipe  while  the  static  orifice  was  con- 
nected to  the  space  between  the  outer  casing  (1-in.  gas  pipe) 
and  the  interior  pipe  (i/4-in.  gas  pipe).  Table  2  gives  a 
summary  of  the  results  of  the  comparisons  of  pitot  tube 
latings  with  meter  ratings,  representing  the  result  of  about 
4000  individual  readings  of  the  head  indicated  by  the  pitot 
tube.  It  shows  that  the  ratio  of  the  aggregate  pitot  tube 
velocity  to  the  aggregate  Haskell  velocity,  by  the  table,  is 
1.004,  so  that  on  an  average,  the  velocity  of  the  pitot  tube  is 
greater  than  that  of  the  meter.  If,  however,  a  ratio  of 
aggregates  is  derived  which  is  not  affected  by  the  variations 
due  to  differences  in  depth,  revised  figures  such  as  are  shown 
in  Table  6  are  obtained,  the  coefficient  of  the  pitot  tube  in 
the  last  column  being  the  ratio  of  the  true  velocity  to  the 
pitot  tube  velocity. 
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In  closing,  the  author  describes  a  boat  rigging-  which  may 
be  conveniently  employed  on  large  rapid  streams  of  con- 
siderable depth  where  it  is  intended  to  determine  the  dis- 
charge by  means  of  a  pitot  tube  or  current  meter.  In  an 
appendix  the  author  explains  the  principles  of  a  chemical 
method  of  measuring  the  discliarge  of  water  by  means  of 
introducing  into  the  water  upstream  a  certain  reagent  and 
bringing  it,  in  the  water,  downstream.  He  explains  the  pre- 
cautions which  have  to  be  taken  and  the  general  method  of 
carrying  out  the  analj'sis  and  estimation.  A  bibliography 
of  the  measurements  of  air,  gas  and  water  flow  by  means  of 
a  pitot  tube  is  given. 

NORTH-EAST  COAST  INSTITUTION  OF   ENGINEERS   AND 
SHIPBUILDERS 

Transactions,    vol.  30,  part    1 ,  .lii<iiist    1911,  Xriccastle- 
upon-Tyne. 

High-Speed  Bearixgs,  Gerald  Stoney  (14  pp..  13  tigs. 
and  3  plates,  dg).  The  article  gives  a  brief  historical  sketch 
of  the  theory  of  friction  and  lubrication  as  applied  to  high- 
speed bearings  as  well  as  the  marine  situation  in  this  Held  of 
engineering.  Among  other  things,  the  author  gives  fairly 
complete  data  of  the  experiments  on  high-speed  bearings, 
made  by  O.  Lasche,  which  are  of  particular  interest  because 
the  number  of  Traction  and  Transmission  (vol.  (i,  numeral 
22,  1903)  in  which  they  were  published,  is  now  out  of  print. 
His  tests  show  that  so  far  as  friction  is  concerned,  it  is  not 
well  to  use  a  large  shaft  and  a  long  bearing,  which,  how- 
ever, have  to  be  used  for  high  speeds  and  heavy  loads  in 
order  to  avoid  vibration,  critical  speeds  and  fractures  due  to 
vibrations.  If  the  pressure  is  not  too  high  nor  the  oil  too 
thin,  a  bearing  may  run  all  right  so  long  as  there  is  no  vi- 
bration, but  if  vibration  occurs,  the  oil  Him  may  be  driven 
out  and  seizing  take  place.  Besides,  in  all  high-speed  bear- 
ings, artificial  means  have  to  be  used  to  carry  off  the  heat, 
the  radiation  from  the  bearings  not  being  sufticient.  This 
IS  important,  since  from  Lasche's  experiments  it  was  fomid 
that  the  friction  is  practically  inversely  proportional  to  the 
temperature  measured  from  freezing  point,  but  after  a  cer- 
tain temperature,  it  directly  increases  and  seizing  takes 
place,  due  to  the  loss  of  viscosity.  Water  jacketing  the  bear- 
ings has  not  been  found  as  satisfactory  as  the  plan  of  sup- 
plying sutiicient  oil  to  carry  off  the  heat  and  oil  coolers  are 
preferable  (to  cool  the  oil)  as  well  as  oil  circulation  around 
the  outside  of  the  bearings.  The  heat  to  be  removed  is  not 
only  that  caused  by  friction,  but  also  that  caused  by  con- 
duction from  the  steam.  The  heat  which  has  to  be  carried 
off  by  the  oil  may  be  expressed  as 

B.t.u.   =   Kdlv 
where  d  is  the  diameter  of  the  bearing  in  inches,  I  the  length 
of  the  bearing  in  inches,  and   (•  the  surface  velocity  in  feet 
per  second,  the  constant  K  varying  inversely  as  the  tempera- 
ture above  freezing  point. 

In  7narine  practice,  the  formula  B.t.u.  =  dlv  '■■"'  is  used 
and  gives  slightlj'  greater  results  for  the  usual  speeds  in  ma- 
rine work  and  an  oil  temperature  of  about  100  deg.  fahr. 
Thrust  bearings  in  land  turbines  which  are  perfectly  bal- 
anced, are  working  witli  very  low  pressures,  never  exceed- 
ing 20  lb.  per  sq.  in.  and  even  in  marine  turbines,  50  lb.  per 
sq.  in.  is  never  exceeded.  There  are  no  tests  available  as  to 
the  friction  of  such  bearings,  but  it  is  probably  fairly  high, 
as  perfect  lubrication  is  difficult  to  obtain  and  as,  in  addi- 
tion to  the  area  of  the  main  bearings,  the  area  of  the  top  and 


bottom  halves  of  tlie  collar  have  to  be  added  in  estimating 
the  quantity  of  oil  required  and  the  surface  of  the  oil  cooler. 
Owing  to  the  low  pressures  employed,  such  bearings  have 
usually  a  high  coefficient  of  friction  as  the  lubrication  is 
larely  perfect  on  account  of  the  general  operation  being  dif- 
ferent from  that  of  journal  bearings  and  no  wedging  action 
taking  place  and  admitting  oil.  The  author  proceeds  to  de- 
scribe the  investigation  of  Osborne  Reynolds  and  Michell 
which  led  the  latter  to  devise  his  well-known  thrust  bearing 
with  segmental  blocks  pivoted  at  the  theoretical  center  of 
pressure. 

In  the  discussion  which  follows,  Mr.  Newbigin  calls  atten- 
tion to  the  effect  of  tlie  slipper  shaped  blocks  in  the  pivoted 
thrust  bearing  and  stated  that  the  friction  increases  rapidly 
when  tiie  length  in  the  direction  of  rubbing  is  more  than  the 
radial  dimension  of  the  block.  Better  results  were  obtanied 
when  the  blocks  were  pivoted  at  or  near  the  theoretical  cen- 
ter of  pressure  in  the  oil  Him  tlian  when  pivoted  in  the  cen- 
ter of  their  area.  The  latter  method  of  pivoting  is  not  me- 
chanically simpler  since  bearings  with  the  blocks  pivoted 
behind  their  center  of  area  for  both  directions  of  rotation 
have  been  made  for  the  last  three  or  four  years  without  me- 
chanical complications. 

With  respect  to  the  effect  of  pi\oting  the  blocks  incor- 
rectly, tlie  following  results  of  tests  were  given  : 

TE.STS  ON   MICHELL  THRUST  BE.iRINGS   MADE  .\T  ME.SSRS.  BELLIS 
A;   JIORCOM's  works,  BIRMINGHAM,   JUNE  8  AND  9,   1910 

There  were  three  blocks  in  the  bearing,  each  having  a  sur- 
face of  1  sq  in.  The  cross  dimensions  of  the  blocks  were 
equal. 

The  temiperaturc  was  taken  by  means  of  a  thermometer 
placed  in  a  hole  drilled  in  one  of  the  blocks. 

Speed   1750  r.p.m.,  or  28. G7  ft.   per  second 
-Absolute  vlsi-dsity  of  tlie  oil  at  120  deg.  fahr.,  4.i; 
Pressure  on  the  blocks,  .'500  lb.  per  sq.  in. 

Temperature 
of  Bearing. 
Position  of  Pivoting   Point  Deg.  Fahr. 

Vis  in.   in  front  of  lentLT 13o 

Central    132 

Vi«  in.    behind   center 12(> 

i^   in.   behind   center 124 

Increase  in  friction  for  blocks  coutrally  pivoted,  15  per  cent 

TE.STS     MADE    BY    MR.    MICHELL    IN      .MELBOURNE,    SEPT.    2   TO   15,    1913 

Diameter  of  Thrust  Collar.  0  in. 
Number  of  Blocks,   2 

Area  of  bearing  surface  of  each  block,  4.5  sq.  in. 
Total   load   on    blocks,   5000   lb. 
Mean  intensit.v  of  pressure,  555  lb.  per  sq.  in. 

Pivot  %  in.  behind  center  of  bearing  surface  with  clockwise  rotation 
Pivot  1^  in.  in  front  of  center  of  bearing  surface  with  counter-clock- 
wise rotation 

TESTS    MADE   BY    MR.    NEWBICIN 

Mean  radius  of  action,   0.10  ft. 

Oil-Mineral,  C.G.S..  viscosity  0.1  at  60  deg.  fahr. 

Bearing  air-cooled,  radiating  surface,  about  2  sq.  ft. 

Bearing  driven  b,v   small   D.   C.   motor  at  an  average   speed  of   1356 

r.p.m. 
B.h.p.   required   to  drive   the   bearing   under   load,    0.372 
Equivalent  coefficient  of  friction,  O.OOIS 

Temperature  of  oil  in  bear- 
ing above  that  of  the 

Duration  of  Tost  atmosphere  at  end  of  test. 

Bearing  running  forwards — 

10   runs   of  9   hours   each .\verage  85  dog.  fahr. 

Bearing  running  backwards — 

1   run  of  8  hours 100  dog.   fahr. 

The  blocks  were  weighed  before  and  after  a  fortnight's 
run,  and  the  loss  was  too  small  to  be  detected,  being  less 
than  2  grains. 
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Increase  in  friction  for  blocks  running  backwards,  I614 
per  cent. 

Assuming  the  viscosity  of  the  oil  at  working  temperature 
to  be  0.025  absolute,  the  coefficient  of  friction  by  Miehell's 
formula  would  be  0.001025,  as  against  0.0018  by  experiment. 

Mr.  Cook  had  the  opportunity  of  conducting  some  ex- 
periments with  pivoted  segmental  blocks  for  thrust  bear- 
ings, and  found  the  resistance  of  such  thrust  blocks  and  the 
ease  with  which  they  sustained  high  pressures  to  be  very 
great. 

The  theory  of  lubricating  films  developed  by  Prof.  Os- 
borne Reynolds  was  not  perfect  in  the  estimation  of  the 
theory  as  it  neglected  the  effects  of  temperature  and  capil- 
lary action,  which  latter  might  be  considerable  for  thin  films. 

The  following  infomiation  on  the  design  of  oil  coolers  was 
presented  during  the  discussion  hy  M.  G.  S.  Swallow  anrl 
E.  E.  WUhams. 

The  ordinary  oil  cooler  was  made  like  a  condenser  with 
the  water  circulating  outside  and  the  oil  inside  the  tubes, 
the  velocity  of  the  oil  through  the  tubes  being  about  2  ft. 
per  second.  Such  a  cooler  with  ordinary  %-in.  condenser 
tubes  and  with  cooling  water  at  65  to  60  deg.  fahr.,  would 
cool  oil  from  115  to  100  deg.  fahr.,  at  the  rate  of  about  2 
cu.  ft.  of  oil  per  sq.  ft.  of  cooling  surface.  With  smaller 
tubes  1/2  in.  outside  diameter  about  3%  cu.  ft.  could  be 
cooled,  or  about  41/0  cu.  ft.  from  140  to  125  deg.  fahr.,  but 
the  pressure  drop  over  the  cooler  was  considerably  increased. 
In  some  cases  retarders  had  been  used  in  the  tubes  or  the 
tubes  flattened  at  intervals  like  a  Royles  tube  so  as  to  in- 
crease the  cooling  effect  by  mixing  the  oil,  but  such  devices 
increased  the  pressure  drop  very  much,  and  were,  in  his 
opinion,  of  doubtful  value. 

The  amount  of  cooling  water  might  be  about  one-third  of  the 
volume  of  the  oil,  giving  a  rise  of  temperature  in  the  cool- 
ing water  about  equal  to  the  drop  of  temperature  in  the  oil. 
A  form  of  oil  cooler  which  had  been  used  very  successfully 
on  the  Continent  was  one  like  an  ordinary  condenser  with 
the  water  inside  the  tubes  and  the  oil  outside.  By  suitable 
baffles  the  oil  was  caused  to  pass  several  times  at  right  an- 
gles to  the  tubes,  and  in  passing  through  the  tortuous  spaces 
between  them  the  oil  became  verj'  thoroughly  mixed  up,  and 
so  the  cooling  was  very  complete.  In  such  coolers  it  was 
stated  that  as  much  as  10  cu.  ft.  of  oil  could  be  cooled  per 
sq.  ft.  cooling  surface.  The  great  advantage  of  such  a  cooler 
was  not  so  much  that  it  enabled  a  smaller  cooler  to  be  used, 
but  that  with  a  cooler  of  the  same  size  as  at  present  a  bet- 
ter cooling  effect  could  be  obtained  and  the  oil  maintained 
at  the  lower  temperature  at  which  it  retained  its  lubrication 
quality  for  a  longer  period. 

A  fair  figure  to  take  for  fixing  up  the  surface  of  an  oil 
cooler  for  such  conditions,  i.e.,  70  lb.  pressure  per  sq.  in.  at 
a  velocity  of  30  ft.  j)er  second  and  a  rise  of  temperature  of 
20  deg.  fahr.,  was  200  lb.  of  oil  per  sq.  ft.  of  cooling  surface. 
The  class  of  oil  used  on  these  examples  was  of  a  good  stand- 
ard as  would  be  seen  from  the  following  comparison: 
standard  Oil  Used 

Flasl)  point,  400  to  410  deg.  falir 406  deg.   fahr. 

Specific  gravity,  0.S75  to  0.S80 0.8755 

Viscosity  at  180  deg.,  73/77  see 

Viscosity   at   140   deg I.t.t  sec. 

Viscosity  at  120  deg.,  210/225  sec 228  sec. 

Viscosity   at   100   deg 8U5  sec. 

Viscosity   at   SO   deg 670  sec. 

Viscosity   at   70   deg.,   930/960 


If  a  curve  be  plotted  for  comparison  it  would  be  seen  that 
the  oil  used  was  up  to  the  standard  for  flash  point,  specific 
gravity  and  viscosity.  This  oil  was  tested  for  viscosity  after 
it  had  been  subject  to  changes  of  temperature  and  it  was 
observed  that  the  oil  did  not  quite  reach  the  standard,  as  the 
flash  point  became  430  deg.  fahr.  sp.  gr.  0.8790. 

Viscosity  104  deg.  at  400  sec. 
112  deg.  at  318  sec. 
123  deg.  at  232  sec. 

A  sam])le  of  the  oil  was  submitted  to  a  temperature  of 
150  deg.  fahr.  and  it  was  found  to  have  lost  54  per  cent  in 
weight,  but  no  carbonization  was  observed  at  this  tempera- 
ture and  practically  no  change  of  color.  A  further  test  was 
made  and  carbon  was  seen  to  form  at  160  deg.  fahr.  Ex- 
perience had  been  gained  with  bearings  running  at  160  deg. 
fahr.  and  it  would  appear  from  the  state  of  the  bearings 
after  examination  that  the  oil  showed  a  tendency  to  car- 
bonize at  this  temperature,  which  proved  that  a  temperature 
of  150  deg.  fahr.  should  not  be  exceeded. 
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Journal,  vol.  12,  no.  11,  June  1914,  Johanneshurg. 
The  Principle  of  Similarity  and  its  Application  in 
IIachine  Design  {16  pp.,  9  fig.  t).  The  author  proposes 
to  show  the  adaptation  of  the  principle  of  similarity  to  ma- 
chine design.  He  claims  that  while  exact  similarity  in  ma- 
chine design  cannot  be  advocated  in  many  cases,  designers 
would  be  much  less  in  eiTor  and  would  realize  higher  com- 
mercial economy  by  similarity  entirely  rather  than  varying 
proportions  from  little  machines  to  large  machines  in  the 
unscientific  manner  which  he  believes  is  so  obvious  in  their 
design.  The  principle  of  similarity  may  be  roughly  ex- 
pressed by  saying  that  theoretical  designs  of  aU  the  ma- 
cliines  of  a  series  of  engines  of  graduating  power  can  be 
similar  if  similar  conditions  of  workmg  are  assumed  for  all. 
The  author  proceeds  to  show  what  are  the  similar  conditions 
of  use,  and  how  similarity  applies  to  the  case  of  roller- 
bearing,  what  the  relation  is  between  similarity  and  cen- 
trifugal whirling,  and  what  fluctuation  of  velocity  is  per- 
missible by  fly-wheels  of  similar  form  in  similar  engines, 
as  well  as  what  are  the  fractional  variations  of  speed  al- 
lowed by  similar  governors  in  similar  engines.  He  consid- 
ers further  the  question  of  power  and  weight  of  similar  en- 
gines working  under  similar  conditions,  that  is,  constant 
linear  speed  and  constant  head  of  pressure.  From  this  he 
jiasses  to  a  brief  discussion  of  similarity  in  automobile  en- 
gines and  steam  turbines  as  well  as  to  the  relation  of  linear 
speed  to  economy  of  material,  and  the  effect  of  reduced 
linear  speeds,  occurring  in  small  engines  on  similarity  of 
fly-wheels.  The  author  uses  mathematical  methods  sparingly 
and  presents  a  clear  account  of  this  rather  imperfectly 
known  subject. 

CLASSIFICATION  OF  ARTICLES 

Articles  appearing  in  the  Survey  are  classified  as  c  com- 
parative; d  descriptive;  e  experimental;  g  general;  /(  his- 
torical; m  mathematical;  p  practical;  s  statistical;  t  theoret- 
ical. Articles  of  exceptional  merit  are  rated  A  by  the 
reviewer.  Opinions  expressed  are  those  of  the  reviewer,  not 
of  the  Society.  The  Editor  will  be  pleased  to  receive  in- 
quiries for  further  information  in  connection  with  articles 
reported  in  the  Survey. 
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PERSONALS 

William  C.  Adams,  rormerly  associated  with  the  (^hasc 
Metal  Works,  Waterbury,  Conn.,  as  engineer,  has  aeeepte<l 
the  jiosition  of  assistant  superintendent  of  the  Detroit  Cop- 
per and  Brass  Rolling  Mills  Company,  Detroit,  Mich. 

W.  N.  Dickinson  has  become  associated  with  the  General 
Elevator  Company  of  New  York.  He  was  until  recently 
manager  of  tlie  foreign  depa,rtment  of  the  Otis  Elevator 
Company,  New  York,  prior  to  which  he  was  temporarily  in 
charge  of  their  Chicago  works  and  Middle  West  construc- 
tion, and  later  liad  charge  of  their  engineering  on  the  Pacilic 
Coast. 

R.  C.  Ilargreaves  has  accepted  the  position  of  traffic  engi- 
neer of  the  Federal  Motor  Truck  Company,  Detroit,  Mich. 

Fred  B.  Corey,  formerly  for  eleven  years  in  the  engineer- 
ing department  of  the  General  Electric  Company,  and  for 
tlie  past  three  years  engineer  of  inspection  and  tests  of  the 
Union  Switch  and  Signal  Company,  has  resigned  that  posi- 
tion and  opened  an  office  in  the  Arrott  Building,  Pittslmrgh, 
Pa.  He  will  conduct  a  consulting  engineering  business,  mak- 
ing a  specialty  of  inspection  methods  and  organizations  for 
manufacturing  companies,  and  will  also  give  attention  to 
electric  railway  signalling  and  allied  subjects. 

A.  F.  Barnes,  formerly  with  the  engineering  de])artments 
of  the  University  of  Pennsylvania  and  Middlol)ury  (College, 
has  been  appointed  dean  of  engineering  of  New  Mexi<'ii  State 
College,  State  College,  New  Mexico. 

M.  I.  Nusim  is  now  coimected  with  the  turbine  department 
of  the  Westinghonse  Machine  Company,  East  Pittsburgh. 
Pa.  He  was  until  recently  identified  with  the  turbine  engi- 
neering department  of  the  General  Electric  Company.  Lynn, 
Mass. 

Cliarles  A.  Waring  has  severed  his  connectious  witli  the 
National  Cash  Register  Company,  Dayton,  Ohio,  as  drafts- 
man of  tlie  electric  engineering  department,  and  is  now  as- 
sociated with  the  engineering  department  of  the  Keo  Motor 
Car  Company  of  Lansing,  Mich. 

Arthur  R.  Jealous,  formerly  associated  with  the  General 
Electric  Company,  Boston,  Mass.,  has  accepted  the  position 
of  assistant  superintendent  of  works  of  the  Clark  Thread 
Company  and  Clark  Mile  End  Spool  Cotton  Company,  New- 
ark, N.  ,J. 

Sverre  Petersen  has  become  affiliated  with  tlie  Southern 
Well  Works  Company,  Chattanooga,  Tenn.,  as  chief  engi- 
neer. He  was  until  recently  connected  with  the  Henry  R. 
Wortliington  Company,  Harrison,  N.  J.,  in  the  capacity  of 
mechanical  engineer. 

P.  C.  Philipp,  for  many  years  on  the  staff  of  the  American 
Appi'aisal  Company  and  of  late  in  charge  of  the  valuation 
department  for  Day  &  Zimmerman,  Philadelpliia,  has  opened 
an  office  of  his  own  in  Philadelphia.  He  will  specialize  on 
valuation  of  public  utilities  exclusively.  Mr.  Philipp  has 
been  retained  by  a  number  of  Ohio  companies  to  make  a 
valuation  of  their  pro])erties. 

A.  L.  Breckenridge  has  severed  his  connection  with  the 
Narragansett  Electric  Lighting  Company,  Providence,  R.  I., 
as  building  inspector,  and  is  now  employed  as  a  draftsman 
by  the  Pennsylvania  Steel  Company,  Steelton,  Pa. 

Eilert  Nesdalil,  formerly  in  the  employ  of  the  Buffalo 
Forge  Company,  Buffalo,  N.  Y.,  has  accepted  a  position  with 
Warren  Webster  &  Company,  Camden,  N.  J. 

Edward  J.  Kunze,  who  for  the  past  four  years  has  been 
assistant  professor  of  mechanical  engineering  in  charge  of 
machine  design  and  construction  at  the  Michigan  Agricul- 
tural College,  East  Lansing,  Mich.,  has  been  appointed  ])ro- 
fessor  of  mechanical  engineering  in  charge  of  the  denartment 
of  mechanical  engineering  at  the  Oklahoma  Agricultural  and 
Mechanical  College,  Stillwater,  Okla. 


EMPLOYMENT   BULLETIN 

Note:  In  sending  applications  stamps  should  be  en- 
closed for  forwarding. 

The  .Secretary  cDiisidcrs  it  a  special  obligation  and  pleasant  fluty  to  be  the 
medium  of  securing  positions  for  members,  and  is  pleased  to  receive  requests 
both  for  positions  and  for  men.  The  published  notices  of  "men  available"  are 
made  up  from  members  of  the  Society.  Notices  are  not  repeated  except  upon 
special  request.  Names  and  records  are  kept  on  the  office  list  three  months, 
and  if  desired  must  be  renewed  at  the  end  of  such  period.  Copy  for  the  Bulletin 
must  bo  in  hand  before  the  12th  of  the  month. 

roSlTlOXS  .\VAIL.\P.I,E 

809  Designers  with  experience  on  either  liull  or  engine 
work;  also  designers  on  marine  steam  boilers  and  piping. 
Salary  four  to  six  dollars  per  day.  Location  Baltimore, 
Marylanil. 

810  Engineer  thoroughly  experienced  in  design  and  oper- 
ation of  modern  oil  engines.     Location  Illinois. 

811  Manurai'luring  superintendent  on  gas  engine  work; 
must  be  thoroughly  experienced  in  modern  methods,  and  pos- 
sess tact  and  energy.  Excellent  opportunity  in  broad  line 
for  man  with  ability. 

900  Energetic,  ambitious  young  man  to  sell  power  plant 
equipment.  Technical  graduate  preferred.  Experience  as 
salesman  not  essential,  but  preferred.  Excellent  opportu- 
nity for  right  man.  Location  Pittsburgh.  Apply  through 
Society. 

901  Instructor  in  experimental  engineering;  prefer  one 
se\eral  years  out  of  college  with  both  practical  and  teaching 
experience.     Salary  $1101)  to  $1200.     Location  Pennsylvania. 

902  Cliief  draftsman  tor  turbine  departineiit  al'  lorty 
to  fifty  men;  ))reference  given  to  one  familiar  with  large 
steam  aiDparatus  and  capable  of  handling  design  of  large 
machines  and  a  good  discijilinarian.    Ajijily  through  Society. 

903  Experienced  graduate,  mechanical  and  electrical  en- 
gineer, familiar  with  problems  incidental  to  the  construction, 
improvement  and  maintenance  of  iron  and  steel  works.  State 
experience  and  salary  desired,  also  references  as  to  ability 
and  character.     Apply  through  Society. 

904  Assistant  to  chief  engineer  of  sugar  factory;  must 
have  knowledge  of  electrical  machinery  and  practical  exjieri- 
ence.  Location  Porto  Rico.  Salary  .+125  per  month  with 
board. 

909  Several  men  to  represent  j\Iichigan  concern  in  ex- 
clusive territories.  Positions  call  for  a  thorough  knowledge 
of  boiler  equipment  and  selling  experience.  Apply  through 
Society. 

910  Draftsman,  if  possible  one  with  knowledge  of  agri- 
cultural implements.  Location  Massachusetts.  Salary  ae- 
coi'ding  to  ability,  probably  one  hundred  dollars  a  month  to 
start.  Position  permanent  and  good  opportunity  for  ad- 
vancement.    Apply  by  number  through  the   Society. 

912  Engineer  to  take  entire  charge  of  factory  in  New 
York,  manufacturing  portable  metal  furniture.  Apply 
through  the  Society. 

MEN    AVAIL.4BLE 

J-1000  Junior,  graduate  mechanical  engineer,  four  years 
experience  in  office,  testing  and  sales  for  comi'jany  manu- 
facturing pumps  and  air  compressors,  one  year  editorial 
work  with  magazine  de\'oted  to  internal  combustion  engines, 
desires  position  in  commercial  line,  preferably  sales.  At 
present  employed. 

J-1001  Member,  M.I.T.  graduate,  age  36,  wide  experi- 
ence in  manufacture  of  machinery  and  exporting,  desires  to 
act  as  manufacturer's  exjiort  representative  in  New  York. 
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J-10()2  Stiulent  luombor,  Stevens  1914  e-raduate,  desires 
position  with  eontrai-tinf;  concern  or  consulting  engineer. 
Ijocation  immaterial. 

.J-10II3  .Member,  technical  graduate,  age  32,  experience  as 
machinist,  shipjang  clerk,  draftsman,  master  mechanic,  me- 
chanical engineer,  assistant  superintendent  and  superintend- 
ent, comi)etent  to  take  position  as  general  manager  <»!'  plant 
employing  several  hundred  men.  Location  New  York  pre- 
ferred. 

J-1004  .Su))('rintendeiil,  age  39,  broad  experience  in  de- 
signing tools  and  labor  saving  devices  for  increasing  i)roduc- 
tion  in  interchangeable  manufacturing  work.  Exi)ert  in 
punch  press  work  and  construction  of  dies  for  sheet  metal 
stamping  and  forming.  Has  had  complete  charge  of  j)lant. 
Location  ])referred  in  the  East. 

J-1(M)5  Mechanical  graduate,  age  30,  three  years  experi- 
ence technical  advertising,  si;  yeai-s  engineering  instructor, 
well  vei-sed  in  theory  and  ])ractiee.     Salary  $3090. 

.1-1900  .Mechanical  engineer,  teclinical  graduate  with  suc- 
cessful selling  experience,  contemplates  o]>ening  oClice  in  Chi- 
cago. Woulil  like  to  hear  from  manufacturers  desirous  of 
having  their  product  marketed  in  Chicago  and  surrounding 
territory. 

.1-1007  Young  engineer,  technical  graduate,  has  had  ex- 
jierience  in  repair  work  of  locomotives  and  charge  of  several 
important  tests,  desires  to  locate  near  New  York.  At  pres- 
ent employed. 

.1-1998  Member,  graduate  Stevens  Institute  of  Technol- 
ogy, age  33,  energetic  and  reliable,  successful  executive,  four 
years  experience  as  chief  draftsman,  two  years  as  production 
sujierintendent,  and  two  years  as  mechanical  superintendent, 
desires  ])osition  as  factory  manager  or  general  sui)erin- 
tendent.     At  present  emjiloyed. 

.1-1999  .lunior,  M.I.T.  graduate,  journeyman  niu'-liinist, 
exjierienced  in  design,  inspecting,  research,  steam  power,  re- 
|)<iir  work  aiul  correspondence,  desires  jiosition  with  con- 
sulting engiiu'ers  or  manufacturing  concern,  preferably  in 
the  South.     At  jiresent  employed. 

.1-1919  Associate-Member,  aiic  28.  <lesires  an  opportunity, 
with  i)os.sibilities  for  advancement.  Specialty  steam  turbines 
and  steam  power  plant  equi])inont.  Will  sacrifice  .salary  for 
real  oppoituiiity.     At   present  employed. 

.1-1911  Member  with  broad  shop  ex])erience  in  medium 
and  heavy  work  desires  to  coiniect  with  progressive  concern 
re(|uiring  the  services  of  a  capable  superintendent. 

.1-1912  Technical  graduate,  mechanical  engineer,  Stevens 
'03,  ten  years  exijerience  in  drafting  and  engineering  work, 
also  manufacture  of  water  gas  and  soaj).  Five  years  with 
large  anthracite  coal  operating  company  in  eastern  Penn- 
sylvania in  design,  erection  and  maintenance  of  machinery 
for  handling  and  dressing  coal. 

.J-1913  Member,  technical  graduate,  age  3.5,  married,  15 
years  exjierience  designing,  erecting  and  operating  high  grade 
steam  |)ower  plants.  Special  attention  given  to  improve- 
ments in  jilants  and  fuel  economy,  thoroughly  familiar  with 
handling  California  crude  oil  as  fuel.  Location  jireferred 
Calitoinia  oj-  some  other  part  of  the  \Vest. 

.1-1914  .Major  interest  will  be  assigned  in  foreign  jiatents 
in  consideration  for  ])Utling  new  device  on  the  U.  S.  market, 
or  for  providing  means  to  do  so.  The  device  is  ap])licable  to 
machinery  in  general,  including  automobiles,  and  has  been 
thoroughly  tried  out  in  practice.  U.  S.  patents  were  re- 
cently granted. 

,J-1915  Member,  mechanical  and  electrical  engineer,  tech- 
nical graduate,  Assoc.  A.LE.R.,  15  years  ])ractical  experi- 
ence. 12  years  in  executive  positions  as  chief  electrician, 
power  plant  chief  engineer,  mechanical  engineer  and  master 
meclianic,   successful    in    handlioi;-   men.   thoroughlv    familiar 


in  engineering  correspondence,  compiling  plant  reports,  com- 
mercial testing,  etc.  desires  position  with  lai'ge  mining  and 
smelting  companies.  At  present  emitloyed.  Location  imma- 
terial, but  prefer  South  or  AVest. 

J-1016  .Junior,  graduate  M.LT.,  age  29,  married,  five  and 
one  half  years  experience  in  design  and  construction  of 
power  plants,  desires  executive  position,  assistant  to  super- 
intendent, or  manager  with  comi)any  with  good  chance  for 
advancement.     At  present  holding  responsible  position. 

J-1917  Associate-Mendjer,  graduate  mechanical  engineer, 
thoroughly  familiar  with  designing  and  testing  of  air  com- 
I)ressors,  blowing  engines,  vacuum  i)umps  using  plate  valves 
and  large  steam  engines  (drop  valve  gear),  also  commercial 
experience,  desires  res|)onsible  position.  Knowledge  of 
French  and  German. 

.1-1918  .Junior,  age  2(i,  married,  eight  years  shop  and 
drafting  room  ex]ierience  on  small  and  medium  size  ma- 
cliiiu'rv.  Stea<ly,  industrious  worker,  systennitic,  accurate  at 
Kgures  and  good  correspondent,  desires  position  in  shop  or 
office.  Location  immaterial  but  prefer  New  England  or  New 
York.     Salary  .$199  per  month. 

.1-1919  Mechanical  engineer  with  eleven  years  experience 
as  engineer  and  superintendent  in  varied  manufacturing 
lines  open  for  engagement  November  first. 

.J-1020  Mechanical  engineer,  technical  graduate,  ten  years 
experience  automatic  machinery  and  experimental  work,  de- 
sires executive  ])osition  with  chance  for  advancement.  At 
present  emjiloyed. 

.J-1921  Junior,  Stevens  graduate,  age  39,  ca]iahle  execu- 
tive in  new  and  re-construction  and  equipment  of  mills  and 
factories;  designer  along  electrical  and  steam  power  lines, 
structural  and  reinforced  concrete  architecture,  desires  an 
engagement.  At  jiresent  chief  engineer  for  metroiiolitan 
firm  of  industrial  engineers  now  completing  new  manufactur- 
ing i)lant  in  South. 

J-1022  Mendjer,  technii-al  graduate,  with  commercial 
training,  speaking  five  languages,  fully  conversant  with  Latin 
and  Soutli  American  trade  conditions,  18  years  varied  exjjeri- 
ence  in  design  and  construction  of  machinery  and  buihlings, 
remodeling,  maintenance  and  operation  of  industrial  plants 
and  ei|ui]iment;  systematizing  of  shops  and  jinx-esses  along 
scientific  management  lines,  testing  and  general  jdant  en- 
gineering; familiar  with  handling  men,  drawing  up  con- 
tracts, purchasing  er|ui])ment  and  material,  appraising  |)rop- 
erties,  modern  methods  of  manufacturing  and  nuirketing 
products,  desires  to  become  identified  with  manufacturing  or 
industrial  plant  in  resjionsible  administrative  or  executive 
Jiosition.     At  present  employed. 

.J-1023  Manufacturing  supeuntendent  or  simp  manager, 
good  organizer  and  executive,  lamiliar  with  modern  and 
economical  manufacturing  methods  including  the  premium 
and  bonus  systems  and  time  study.  Successful  in  increasing 
jjroduction  and  reducing  ct>sts  without  adding  new  ecpiip- 
ment ;  thorough  knowledge  of  the  value  and  elliciency  of  the 
latest   improved  manufacturing  machiiu's. 

.J-1924  Graduate  mechanical  engineer,  age  28,  married, 
12  years  e.x|)erience  in  shop,  di'afting  and  design  of  Eurt)- 
l)ean  Diesel  oil  engines,  automatic  machinery  and  industrial 
jdants.  desires  position  as  mechanical  engineer,  or  assistant 
to  superintendent  of  industrial  firm.     At  present  employed. 

,J-1925  Jlember,  25  years  experience  in  design  and  con- 
struction oi  machinery,  building  crushing  ])lants,  power  plant 
work  and  mill  engineering,  also  familiar  with  purchasing  of 
materials  and  e(]ui])ment,  desires  to  be  identified  witli  manu- 
facturing or  industrial  ])lant  in  responsible  position. 

.l-192(i  .Junior.  Columbia  University  graduate,  one  year 
practical  experience  designing  and  testing  air  machinery, 
])0wer  ])lants  and  industrial  processes  to  discover  losses  and 
determiiu'  costs  of  production,  desires   position   as  assistant 
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to  manager  or  superintendent  of  industrial  concern.     Loca- 
tion immaterial. 

J-1027  Cornell  graduate,  age  28,  married,  six  years  ex- 
perience at  blast  furnace,  steam  specialties  and  motor  cars; 
four  years  high  class  motor  trucks  and  carriages,  one  year  in 
charge  small  factory  office,  wishes  opportunity  in  executive 
line.    Location  and  travel  immaterial. 

J-1028  Member  now  located  on  the  Pacific  coast,  for 
many  years  connected  with  a  large  steel  company  in  this 
coimtry,  desires  to  establish  an  agency  representing  a  num- 
ber of  reputable  Eastern  manufacturers. 

J-1029  Mechanical  engineer,  technical  graduate,  age  30, 
knowledge  of  Spanish-American  business,  sugar  plantation 
work  and  sales  engineer,  thorough  knowledge  of  gasolene,  oil 
and  steam  engines,  all  types  of  pumps  and  pumping  ma- 
chinery and  sugar  house  machinery. 

J-1030  Mechanical  and  electrical  engineer,  technical  gTad- 
uate,  14  years  experience  in  design,  operation  and  appraisal, 
broad  knowledge  of  several  branches  of  engineering  and  keen 
insight  particularly  fit  for  investigations  and  reports,  desires 
permanent  position  in  or  near  New  York. 

J-1031  Member,  graduate  M.E.,  with  experience  in  ex- 
port of  liydraulic  and  pneumatic  machinery,  also  mternal 
combustion  motors,  associated  with  old  establislied  import- 
ing and  exporting  house  in  New  York,  open  for  export 
agency,  lines  of  small  foolproof  machinery,  special  tools, 
^•alves,  alloys,  etc.,  preferred. 

J-1032  Member,  technical  graduate,  desires  position  as 
mechanical  enguieer  or  assistant  to  supermtendeut  or  man- 
ager; experienced  as  chief  draftsman  in  manufacturing  lines. 

J-1033  Graduate  engineer,  age  32,  single,  technical 
knowledge  mechanical  and  electrical  engineering,  12  years 
practical  experience  design,  construction  and  operation  of 
steam  power  plants,  hydroelectric  plants  and  sub-stations, 
piping  layouts,  etc.,  desires  position  with  consulting  engi- 
neer or  large  contracting  firm.  Salary  $175.  Location  New 
York  or  vicinity. 

J-1034  Mechanical  engineer  with  offices  in  London,  Eng- 
land, who  has  successfully  introduced  various  railway  spe- 
cialties of  American  manufacturers  in  Europe,  is  open  to 
negotiate  with  prominent  manufacturers  of  railway  rolling 
stock  and  specialties  with  a  view  to  establishing  and  extend- 
ing their  export  business  in  Great  Britain  and  its  colonies. 
Highest  references. 

J-10.35  M.  I.  T.  graduate  in  mechanical  engineering,  post 
graduate  course  in  electrical  engineering,  twenty  years  e.x- 
perience  in  design  and  construction  of  machinery,  and  build- 
ings, manufacturing,  systematizing  and  accounting,  desires 
permanent  position. 

J-1036  Junior,  Stevens  graduate,  age  30,  varied  experi- 
ence in  office  of  consulting  engineer,  complete  charge  of 
work  and  considerable  responsibility;  experience  in  reports, 
designs  and  appraisals  of  numerous  mdustrial  and  power 
plants  and  municipal  works.     Best  references. 

ACCESSIONS  TO  THE   LIBRARY 

With  Comments  by  the  Librarian 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of 
accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on 
request  from  Calvin  W.  Rice,  Secretary  of  Am.  Soc.  M.  E. 

Aeronautical  Society  of  America.  Constitution,  by-laws 
list  of  members,  etc.,  191i.  New  York,  1911.  Gift  of 
C.  W.  Rice. 

Asphalts,  their  Sources  and  Utilizations.  T.  Hugli 
Boorman.  1914  road  edition.  New  York,  1914.  Gift 
of  author. 

This  is  the  second  edition  of  the  work.  It  treats  of  the  origin  and  uses  of 
asphalt  especially  in  road  construction,  and  is  profusely  illustrated  with  full 
page  plates  of  existing  roads.  W.  P.  C. 


Association  of  Railway  Telecraph  Superintendents. 
Proceedings  of  Annual  Meeting,  1914.  Milwaukee, 
1914.    Gift  of  association. 

Association  of  Transportation  and  Car  Accounting 
Officers.  Proceedmgs,  June  1914.  Gift  of  associa- 
tion. 

Cejient  Mills  Electric  Drive,  an  Analysis  of  Its  Ben- 
efits, T.  H.  Arnold.    Philadelphia. 

Cotton  Combing  Machines,  T.  Thornley.    London,  1902. 

Gear  Cutting  in  Theory  and  Practice,  J.  G.  Horner. 
Manchester,  1914. 

Illinois  Water  Supply  Association.  Proceedings  of  5th 
Meeting,  1913.     Urhana,  1913. 

Institution  of  Civil  Engineers  of  Ireland.  Index  to 
Transactions,  1845-1910.  Dublin,  1911.  Gift  of  G,  E. 
Stechert  &  Co. 

Instructions  for  Making  Improvement  Thinnings  and 
the  Management  of  Moth-infested  Woodlands,  H. 
0.  Cook  and  P.  D.  Kneeland.  Boston,  1914.  Gift  of 
Mass.  State  Forester. 

Iron  Ores,  Their  Occurrences,  Valuation  and  Control, 
Edwin  C.  Eckel.  New  York,  McGraw  Hill  Book  Co., 
1914.     Gift  of  publishers. 

Treats  of  the  abundance  and  wide  distribution  of  iron,  and  the  genesis  of  iron 
ore  deposits;  of  the  factors  affecting  the  value  of  iron  and  the  valuation  of  de- 
posits; on  prospecting,  mining  costs,  mill  costs  as  affecting  valuation.  Then 
foUows  a  detailed  description  of  the  more  important  ore  deposits  of  the  world, 
with  full  references  to  the  literature.  The  final  chapters  are  devoted  to  an 
economic  study  of  iron  ore  resources  as  affecting  the  future  development  of  the 
iron  industry,  special  attention  being  given  to  the  conditioiis  affecting  the 
American  iron  industry-.  W.  P.  C. 

Kansas  Engineering  Society.  Transactions  and  Report 
of  the  0th  Annual  Meeting,  1914.  Topeka,  1914.  Gift 
of  society. 

Los  Angeles  (Cal.)  Department  of  Public  Utilities. 
4th  Annual  Report  of  the  Board.  1912-1913.  Los  An- 
geles.   Gift  of  Department  of  Public  Utilities. 

Melbourne  University  Calendar,  1913.  Melbourne,  1912. 
Gift  of  A.S.M.E. 

New  York  State  Conservation  Commission.  2d  Annual 
Report,  1912.    Albany,  1913.    Gift  of  Commission. 

New  York  State  Engineer  &  Surveyor.  Annual  Report, 
vol.  1,  1913.  Albany,  1914.  Gift  of  New  York  State 
Engineer  and  Surveyor. 

Recent  Supreme  Court  Decisions  on  Engineering  Con- 
tracts AND  Liabilities  of  Sureties  upon  such  Con- 
tracts, G.  A.  King. 

La  Soudure  Autogene.    Paris. 

Springfield  (Mass.)  Water  Commissioners.  40th  An- 
nual Report,  1913.  Springfield,  1914.  Gift  of  Board 
of  Water  Commissioners. 

Traveling  Engineers'  Association.  Committee  Reports 
and  Subjects,  22d  Annual  Meeting,  1914.  Gift  of  Trav- 
eling  Engineers'   Association. 

Uber  die  Theorie  des  Kreisels,  F.  Klein  and  A.  Sommer- 
feld.    pt.  2-4.    Leipzig,  1898,  1903,  1910. 

Uhland's  Handbuch  riJR  den  praktischen  Maschinen- 
konstrukteur.    vols.  1-4,  6-13.    ed,  2.    Berlin. 

University  of  Minnesota.  College  of  Engineering,  1914- 
15.     Minneapolis,  1914.     Gift  of  University. 

Die  unmittelbare  Umsteuerung  der  Verbrennunskraft- 
liASCHiNEN,  Ch.  Pohbnann.     Berlin,  1914. 

Vereines  deutscher  Ingenieure.  Inhaltsverzeichnis  der 
Zeitschrift,  1877-1883.  1884-1893.     Berlin,  1SS4,  1895. 

Verein  deutscher  Ingenieure  und  Seine  Arbeiten,  De- 
scription of.    Berlin,  1914.    Gift  of  the  Verein. 
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Gift  of  William  J.  Hammer 

Aeronautical  Society.  OflBcial  Program,  Aviation  Decen- 
nial Celebration,  1903-1913. 

Better  Business,  Wm.  Hard. 

Chronology  of  Aviation,  H.  Maxim  and  W.  J.  Hammer. 

Historical  Collection  op  Incandescent  Electric  Lamps. 

Youthful  Franklin.  An  Oration  Delivered  at  the  Unveil- 
ing of  a  Statue  of  Benjamin  Franklin  in  1723  at  the 
University  of  Pennsylvania,  June  16, 1913,  Jas.  M.  Beck. 

Gift  op  National  Commercial  Gas  Association 

Gas  Equipment  of  the  Home.    New  York,  1914. 
Hygienic  Value  op  Gas  Lighting,  R.  F.  Pierce. 
Proposed  Gas  Fixture  Specifications  as  Recommended  by 

the  Committee  on  Standardization  of  Gas  Appliance 

Specifications.    1913. 
Proposed  Gas  Range  Specifications  as  Recommended  by 

THE  Committee  on  Standardization  op  Gas  Appliance 

Specifications.    1912. 

trade  catalogues 

Electric  Weighing  Co.,  New  York,  N.  Y.  Bull.  no.  8.  Mes- 
siter  conveyor  scales,  15  pp. 

Ferro  Machine  &  Foundry  Co.,  Cleveland,  0.  Ferro  row- 
boat  motor,  16  pp. 

Flannery  Bolt  Co.,  Pittsburgh,  Pa.     Staybolts,  July  1914. 

Gardner  Machine  Co.,  Beloit,  Wis.  Gardner  Grinder,  May- 
June  1914. 

Gas  Machinery  Co.,  Cleveland,  0.  Form  390.  New  coal 
gas  plant  of  Porto  Rico  Gas  Co.,  San  Juan,  Porto  Rico, 
16  pp. 

Leschen,  a.,  &  Sons  Rope  Co.,  St.  Louis,  Mo.  Leschen's 
Hercules,  July  1914. 

Lunkenheimer  Co.,  Cincinnati,  O.  Lunkenheimer  whistles, 
23  pp. 

North  Western  Expanded  Metal  Co.,  Chicago,  III.  Ex- 
panded metal  construction,  July  1914. 

Stephens-Adamson  Mfg.  Co.,  Aurora,  III.  Labor  saver, 
no.  64. 

Under-Feed  Stoker  Co.  of  America.  Publicity  Magazine, 
June,  July  1914. 

Walworth  Mfg.  Co.,  Boston,  Mass.  Walworth  Log,  July 
1914. 

Yale  &  Towne  Mfg.  Co.,  New  York,  N.  Y.  Yale  Hoisting 
Hints,  July  1914. 

UNITED  ENGINEERING  SOCIETY 

Ammonia  and  its  Compounds,  Their  Manufacture  and 
Uses,  Camille  Vincent.  Translated  from  the  French 
by  M.  J.  Salter.     London,  1901. 


Art  of  Paper  Making,  Alexander  Watt.  Ed.  4.  London, 
1911. 

Bibliographie  der  Deutschen  Zeitschriften  Literatue. 
Vol.  23.     Leipzig,  1914. 

Bibliographie  der  fremdsprachigen  Zeitschriftenlitera- 
TUR.    Vol.  8,  1913.    Leipzig,  1914. 

Cai.culus  for  Engineers,  John  Perry.    London,  1897. 

Carnegie  Endowment  for  International  Peace.  Report 
of  the  International  Commission  to  inquire  into  the 
causes  and  conduct  of  the  Balkan  Wars.  Publication 
no.  4.    Washington,  1914.    Gift  of  R.  A.  Franks. 

FoRMULES  Recettes,  Procedes,  L.  Francois.    Paris,  1914. 

Gesamt-Zeitschripten   Verzeichnis.     Berlin,   1914. 

Liquid  Air  Oxygen,  Nitrogen,  Georges  Claude.  Philadel- 
phia, 1913. 

Prevention  of  Dampness  in  Buildings,  Adolf  W.  Keim. 
London,  1902. 

Psychology  of  Management,  L.  M.  Gilbreth.  New  York, 
Sturgis  S  Walton  Co.,  1914. 

a  publication  in  book  form  of  the  essays  appearing  originally  in  Industrial 
Engineering.  A  careful  study  of  the  underlying  principles  of  scientific  manage- 
ment. W.  P.  C. 

Recent  Cotton  Mill  Construction  and  Engineering, 
Joseph  and  Frank  Nasmith.     Ed.  3.     Manchester,  1909. 

Small  Water  Supplies,  F.  Noel  Taylor.     London,  1911. 

Textile  Industries,  Wm.  S.  Murphv.  8  vol.  London, 
1912. 

trade  catalogues 

Chicago  Pneumatic  Tool  Co.,  Chicago,  III.  Ideal  Power, 
July,  1914. 

Flannery  Bolt  Co.,  Pittsburgh,  Pa.    Staybolts,  August,  1914. 

Gardner  Machine  Co.,  Beloit,  Wis.  Gardner  Grinder,  July- 
August,  1914. 

Hess-Bright  Mfg.  Co.,  Philadelphia,  Pa.  Ball  bearings  in 
machine  tools,  1914. 

Sherwood  Mfg.  Co.,  Buffalo,  N.  Y.    The  "  Hart "  oil  pump. 

Texas  Co.,  New  York,  N.  Y.    Lubrication,  July,  1914. 

Under-Feed  Stoker  Co.  of  America.  Publicity  magazine, 
August,  1914. 

Walworth  Mfg.  Co.,  Boston,  Mass.  Model  Piping  Specifica- 
tions, a  Guide  for  Engineers.  Copies  can  be  had  by 
addressing  Power  Dept.,  Walworth  Log,  Sept.,  1914. 

Winslow  Safety  High  Pressure  Boiler  Co.,  Chicago,  III., 
Winslow  Safety  High  Pressure  Boiler,  53  pp. 

Yarnall-Waring  Co.,  Philadelphia,  Pa.  Log  book  of  the 
power  plant,  88  pp. 


THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

ABRIDGED  LIST  OF  OFFICERS  AND  COMMITTEE  CHAIRMEN > 
Jambs  Hartness,  President  Calvin  W.  Rice,  Secretary 


R.  M.  Dixon,  Finance  Committee 

H.  R.  Cobleigh,  House  Committee 

Leonard  Waldo,  Library  Committee 

L.  P.  Alford,  Committee  on  Meetings 

Theo.  Stebbins,  Committee  on  Membership 

C.  I.  Earll,  Publication  Committee 

Fred  J.  Miller,  Public  Relations  Committee 

R.  H.  Rice,  Research  Committee 

Jesse  M.  Smith,  Committee  on  Constitution  and  By-Laws 


1  a  complete  list  of  the  officers  and  committees  oi  the  Society  will  be  found  in 
the  Year  liook  for  1914,  and  in  the  January  and  July  1914  issues  oi  The 
Journal 


LOCAL  meetings 
Atlanta:  J.  S.  Coon 
Boston:  R.  E.  Curtis 
Buffalo:  David  Bell 
Chicago:  S.  G.  Neiler 
Cincinnati :  J.  B.  Stanwood 
Milwaukee:  E.  P.  Worden 
Minnesota:  Max  Toltz 
New  Haven:  H.  B.  Sargent 
New  York:  R.  V.  Wright 
Philadelphia:  H.  E.  Elders 
San  Francisco :  Robert  Sibley 
St.  Lotus:  F.  E.  Bausch 
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THE  WARNER  &  SWASEY  COMPANY 

Works  and  Main  Office:  CLEVELAND 

Branch   Offices:     NEW   YORK        BOSTON        BUFFALO        DETROIT    and    CHICAGO 
UNIVERSAL  HOLLOW-HEXAGON  TURRET  LATHES  TURRET  SCREW  MACHINES  BRASS-WORKING  MACHINE  TOOLS 

J_  Urrct  Equipped    for    highly  specialized  manufac- 

Sir*t*PW^  ture,   in  large  or  small   lots;  or   for   general 

Machines   ^°'''' ''  ""^  '^  '"'"'• 

For  more  than  a  quarter 
of  a  century  representing 
the  highest  standard  of 
construction. 

SIZES— ^  to  35^"  bar  capacity; 
10  to  20 "  swing. 

Turret  Lathe  equipments  planned. 
Estimates  of  output  furnished. 
Representative  will  visit  you. 
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TRADE   MARK 


BRISTOL'S   RECORDERS 

H  LG.  U    S.   PAT.    OFFICE. 

ELIMINATE  GUESSWORK  and  INCREASE  EFFICIENCY 

Modern  methods  of  scientific  management  have  settled  beyond  all  question  that  the  use  of  Record- 
ing Instruments  is  indispensable  in  order  to  secure  the  highest  efficiency  and  economy  results. 

The  difference  between  the  use  and  non-use  of  recorders  is  the  difTerence  between  guesswork  and 
certainty. 

BRISTOL'S  RECORDERS  cover  the  field  complete.  Wherever  there's  an  operation  where  the 
choice  lies  between  approximate  judging  or  definite  certainty  there's  a  BRISTOL'S  RECORDING 
INSTRUMENT  designed  to  reflect  the  true  story  of  facts. 

BRISTOL'S  RECORDERS  are  made  for  Pressure,  Temperature,  Electricity,  Time,  Motion, 
Speed,  Humidity,  Rate  of  Flow,  etc.  There's  a  simplicity  about  BRISTOL'S  RECORDING  IN- 
STRUMENTS which  places  them  in  a  class  by  themselves — an  accuracy  which  is  dependable — a  quality 
which  is  known  and  recognized  wherever  Recording  Instruments  are  used. 

WRITE    FOR     BULLETIN     161-0 

THE   BRISTOL   COMPANY  WATERBURY,  CONN. 

Branch  Offices:     NEW  YORK      BOSTON      CHICA.GO      PITTSBURGH 


Buyer's  Notes 


Stop  Bolts. 

Auxiliary  Stop  Bolt 
can  be  used  with  any 
"B"  Stop  liar. 


12  Stop.bars. 

2  for  each  Tur. 

ret  Position. 


Handle  to  Lift  all  oC  , 
"A"  or  "B"  Slop  Bolts 


FIGURE  1 


FIGURE  2 


Nothing",  perhaps,  is  more  interesting  to  the  buyer  or  the  man  held 
responsible  for  the  purcha.se  of  a  machine,  than  condensed  facts  which  will 
enable  him  to  ascertain  the  superior  features  of  the  machine  in  question. 
These  facts,  of  course,  must  relate  to  the  design  and  construction  of  the 
mechanism,  both  in  part  and  as  a  whole. 

On  pages  2  and  3  of  the  Journal  of  the  A.  S.  M.  E.,  Sept.  issue,  we  described  the  mech- 
anism for  revolving  the  turret;  on  these  pages  we  will  describe  the  unique  turret  stop 
mechanism  used  exclusively  on  Jones  &  Lamson  Turret  Lathes.  It  is  not  necessary-  to 
be  a  trained  mechanic  to  appreciate  the  value  of  the  simple  mechanical  principle  nor 
is  it  a  matter  of  conjecture  as  to  the  stability  of  this  stop  mechanism — every  detail  is 
simple  and  strong,  and  hardened  where  surfaces  are  subjected  to  hard  usage,  insuring 
absolute  accuracy  at  all  times.  It  eliminates  that  feeling  of  uncertainty  when  your 
work  demands  absolute  accuracy  on  every  piece,  regardless  of  quantity  or  rough  hand- 
ling of  an  inexperienced  operator. 

The  precision  with  which  a  machine  controls  the  dimensions  of  the  work  is  one  of 
the  principal  points  by  which  it  is  judged,  and  accurate  duplication  is  utterlj^  impos- 
sible without  efficient  stop  mechanism. 


12 — Stop  bars 
12 — Stop  bolts 

6 — Lifting  cranks 

6 — Tappet  rods 

6 — Turret  positions 

6 — Concaved  notches 

I — Lifting  handle  with  six  fingers 

I — Interchangealile  auxiliary  stop  bolt 


Note  carefully  their  functions  described  on  the  next 
page,  the  simple  mechanical  principle,  simplicity  of 
parts  and  strength  of  parts,  then  compare  this 
mechanism  with  other  makes  of  turret  lathes  and 
you  will  clearly  understand  why  the  Jones  &  Lamson 
turret  lathes  are  most  efficient  from  every  conceiv- 
able point.  That's  the  intelligent  way  to  pass  on  a 
turret  lathe. 


Seven  stt>ps  for  any  one  position  of  the  turret  or    Two  Stops  for  each  turret  position  if  all  positions  are  used.     These 
slops  may  range  from  1  to  7  on  any  desired  position;  five  of  them  are  obtained  by  means  of  the  "Auxiliary  Stop  Bolt." 

Fig.  2  is  a  continuation  of  the  drawing,  Fig.  i,  showing  the  ends  of  the  stop  bars 
A-1,  B-1,  A-2,  etc.     The  binding  screw  attachment  is  also  shown  on  Fig.  2. 
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Accurate  Duplication  Requires  Accurate  Stops 

There  are  twelve  "stop  bars,"  see  drawings  for  names,  twelve  stop  "bolts,"  six  "tappet  rods" 
and  six  "lifting  cranks";  one  "lifting  crank"  and  one  "tappet  rod"  for  each  pair  of  "stop 
bolts." 

When  a  machine  is  set  up,  each  "stop  bar"  is  adjusted  to  the  desired  stopping  point.  As  the 
turret  carriage  moves  forward  the  lower  surface  of  the  "stop  bolt"  rides  on  the  "stop  bar,"  used  for 
that  position  of  the  turret,  until  it  reaches  the  notched  end  of  the  bar,  then  it  shdes  down  the  beveled 
surface  and  after  a  short  travel  it  reaches  the  abutment  at  the  end  of  the  bar.  This  abutment  acts 
as  a  positive  stop  and  instead  of  the  release  and  rebound  action  peculiar  to  other  types  of  stop  mech- 
anism, the  friction  feed  described  on  Pages  2  and  3  of  the  Journal  of  the  A.  S.  M.  E.  August  issue, 
holds  the  carriage  rigidly  against  the  abutment,  effecting  an  accurate  shoulder  on  the  work. 

In  revolving  the  turret  there  are  six  stopping  positions,  any  or  all  of  which  may  be  used  at  the 
operator's  option,  and  in  each  position  there  is  a  concaved  notch  milled  on  the  periphery  of  the 
turret,  opposite  the  "lifting  crank"  which  actuates  the  two  "stop  bolts"  for  that  position. 

In  Fig.  I,  the  "A-1"  "stop  bar"  is  being  used  and  the  concaved  notch  is  shown  in  dotted 
lines  opposite  the  "tappet  pin."  The  "A-l"  "stop  bolt"  is  also  shown  in  a  locked  position  in 
the  notch  of  "A-l"  "stop  bar." 

The  concaved  notches  on  the  turret,  face  upward  and  downward,  alternately,  to  accommodate 
their  respective  "tappet  pins."  These  notches  serve  as  a  release  for  the  "tappet  rods"  and 
"stop  bolts,"  permitting  the  "tappet  pin"  to  move  forward  as  the  "stop  bolt"  drops  into  the 
notch  in  the  "stop  bar." 

The  "tappet  pins"  ride  on  the  periphery  of  the  turret  and  press  against  the  oscillating  "lifting 
crank"  which  in  turn,  holds  the  "stop  bolts"  up,  preventing  them  from  engaging  with  the  notches 
of  the  "stop  bars"  until  the  proper  position  of  the  turret  and  proper  notch  is  brought  directly 
opposite  the  proper    "tappet  pin."     There  being  twelve  stop  bars  and  only  six  positions  of  the 

turret,  two  Stops — one  A  and  one  B  are  obtainable  for  each  position  of  the  turret. 

Each  "stop  bar"  has  its  individual  "stop  bolt"  and  there  is  but  one  "lifting  crank"  and  one 
"tappet  pin"  for  each  pair  of  "stop  bolts,"  therefore,  if  two  stops  are  required  with  one  position 
of  the  turret,  after  the  "A-l  stop  bolt"  has  reached  its  abutment,  the  handle  for  lifting  "A"  or 
"B"  "stop  bolts"  is  shifted  until  the  small  pin  coincides  with  "B  stops  in"  on  the  index  plate; 
the  fingers  projecting  from  the  handle's  shank  will  then  lift  the  "A-l  stop  bolt"  allowing  it  to 
clear  the  notch  in  "A-l  stop  bar"  and  allow  the  "B-1  stop  bolt"  to  ride  on  its  "stop  bar"  until  it 
reaches  the  abutment  as  in  the  case  of  the  "A-l  stop." 

The  auxiliary  stop  is  simply  a  hardened  pin  projecting  through  the  turret  carriage,  and  may 
be  used  on  any  "B"  stop  bar.  The  "stop  bolts,"  however,  are  always  used,  except  in  rare  cases 
where  extra  stops  are  required. 

Note  the  oil  reservoir  which  leads  to  a  roller  on  the  under  surface  of  the  turret,  providing  ample 
and  convenient  means  of  lubrication.  The  "annular  gib"  is  an  important  factor  in  keeping  the  turret 
perfectly  rigid. 

JONES    &    LAMSON    MACHINE  COMPANY 

Springfield,  Vermont,  U.  S.  A.,  and  97  Queen  Victoria  Street,  London,  E.  C,  England 

Germany,  Holland.  Switzerland.  .-Vustria-Hungary:  M.  Koyemann,  Charlottenstrasse  112,  Dusseldorf,  Germany. 
France,  Spain.  Belgium:  F.  Auberty  &  Co.,  91  Rue  de  Maubeuge.  Paris.      Italy:  W.  Vogel,  Milan. 
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Drying  Problems 
May  Confront  You 


Our 


V; 


D 


A 


acuum    Urying  rVpparatus 


removes  moisture,  at  lowest  temperature,  rapidly,  thoroughly, 
uniformly,  economically.  Thirty  years  of  experience  in  this 
one   field  of   activity  cannot   help  but    be   of  value  to  you. 


The    thousands    of    installations  in  daily  operation  and  the  many 
repeat  orders  are  the  best  evidence  of  our  claims  to  be  of  service. 

J.  P.  DEVINE  CO. 


1372  Clinton  Street 


Buffalo,  N.  Y. 
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Industry's 
Master  Workman 

Efficiency  and  dependability  are  required  of  every  industry's  mas- 
ter workman.  Whether  he  be  called  Foreman,  Master  Mechanic, 
Master  Patternmaker,  Master  Brickmaker,  Head  Miller  or  Mine 
Boss,   he  must  effectively  change  orders  into  product. 

Efficiency  and  dependability  are  built  into  G-E  Motors,  which 
are  used  to  turn  the  wheels  of  industry  the  world  over.  Wherever 
used,  G-E  Motors  are  effectively  changing-  electrical  into  mechanical 
power — truly  they  are  the  master  workers  of  every  industry. 

The  General  Electric  Company  has  a  motor  for  every  power 
requirement,  a  control  equipment  for  every  motor  and  skilled 
engineers  to  properly  combine  and  apply  them. 

General  Electric  Company 


Atlanta,  Ga. 

Baltimore,  Md. 
Birmingham,  Ala. 
Boise,  Idaho 
Boston,  Mass. 
Buffalo.  N.  Y. 
Butte.  Mont. 
Charleston,  W.  Va. 
Charlotte,  N.  C. 
Chattanooga,  Tenn. 
Chicago,  in. 
Cincinnati,  Ohio 


Cleveland,  Ohio 
Columbus,  Ohio 
Dayton,  Ohio 
Denver.  Colo. 
Des  Moines.  Iowa 
Detroit,  Mich. 

(Office  of  Agent) 
Duluth.   Minn. 
Elraira,  N.  Y. 
Erie.  Pa. 

Fort  Wayne,  Ind. 
Hartford,  Conn. 


General  Office,        Schenectady,  N.  Y. 
ADDRESS     NEAREST     OFFICE 


Indianapolis,  Ind. 
Jacksonville.  Fla. 
Joplin,  Mo. 
Kansas  City.  Mo. 
KnoxvUle.  Tenn. 


Los  Angeles.  Cal. 
Louisville,  Ky. 
Memphis.  Tenn. 
Milwaukee.  Wis. 
Minneapolis,  Minn. 


Nashville,  Tenn. 
New  Haven,  Conn. 
New  Orleans.  La. 
New  York.  N.  Y. 
Niagara  Falls.  N.  Y. 
Omaha,  Neb. 
Philadelphia.  Pa. 
Pittsburg.  Pa. 
Portland,  Ore. 
Providence,  R.  I. 
Richmond,  Va. 
Rochester,  N.  Y. 


St.  Louis,  Mo. 
Salt  Lake  City.  Utah 
San  Francisco.  Cal. 
Schenectady.  N.  Y. 
Seattle.  Wash. 
Spokane,  Wash. 
Springfield.  Mass. 
Syracuse,  N.  Y. 
Toledo.  Ohio 
Washington,  D.  C. 
Youngstown.  Ohio 


For  Texas.  Oklahoma  and  Arizona  business  refer  to  Southwest  General  Electric  Company  (formerly  Hobson  Electric  Co.),  Dallas, 
El  Paso,  Houston  and  Oklahoma  City.     For  Canadian  business  refer  to  Canadian  General  Electric  Company,  Ltd..  Toronto,  Ont. 
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THIS  feed  water  heater,  selected  for  the  repair 
shops  of  a  large  railroad,  is  the  product  of  the 
company  that  for  mo  re  than  thirty  years  has  specialized 
in  the  manufacture  of  high-grade  heaters. 

Beginning  with  the  National  closed  heater  which  is  so  extensively 
used  that  more  than  3,250,000  horse  power  have  been  installed,  they  added 
this  open  heater  known  as  the 

NATIONAL 

Direct  Contact 

FEED  WATER  HEATER 

Both  surface  contact  and  direct  contact  are  utilized  in  heating  the  water 
to  212°.  It  is  also  a  puritier  with  upward  filtration,  and  a  storage  tank.  This 
type  is  heating  feed  water  in  the  following  public  service  corporation  plants 
— in  none  of  which  is  it  of  less  than  2,000  horse  power  capacity. 

Rhode  Island  Company,  Providence,  R.  1.  Connecticut  Co.,  New  Haven,  Conn. 

Connecticut  Company,  Hartford  Conn.  Berkshire  St.  Ry.  Co.,  Zylonite,  Mass. 

Berkshire  St.  Ry.  Co.,  Pittsfield,  Mass.  Meriden  El.  Light  Co.,  Meriden,  Conn. 

CATALOG    XO.    2    DESCRIBES    THIS    HEATER  40-74 

THE  NATIONAL  PIPE  BENDING  COMPANY 

NEW   HAVEN,   CONN.  149  Broadway,  New  York 


54  High  St.,  Boston 


Measuring     Steam     Consumption 
of    a    6000    K.W.    Turbine 

The  measurement  of  condensate  from  the  turbine  in  comparison  wiih  the  Kilo- 
watts delivered  by  the  generator  is  universally  conceded  to  be  one  of  the  most 
accurate  methods  of  determining  turbine  efficiency. 

In  hundreds  of  great  plants  both  here  and  abroad,  the 

XEA'Wotch 

Recording  Liqiiid  Meter 

''Log  Booh  of   the  Power  Plant" 

has  been  installed  as  the  ideal  instrument  for  this  purpose. 

In  the  photograph  the  "Lea"  is  shown  measuring  condensate  from  a  6000  K.W. 
turbine. 

The  turbine  and  generator  are  located  on  the  floor  above  the  condenser  and 
auxiliaries.  The  exhaust  steam  from  the  turbine  passes  down  into  the  conden- 
ser, the  condensate  being  discharged  into  the  Lea  V-Notch  Weir  Tank  and  flows 
over  the  Lea  V-Notch  on  its  way  to  the  common  hot  well  of  the  plant. 

The  "  Lea  "  Recording  Instrument  is  placed  on  the  turbine  floor  and  connected 
by  an  extension  rod  to  the  V-Notch  Tank  below. 

By  frequently  observing  the  Lea  charts,  the  company's  engineer  has  exact  con- 
tinuous information  of  the  steam  used  by  the  turbine  per  K.W.  hour. 
He  thus  notes  immediately  any  otherwise  unsuspected  losses  due  to 
eroded  or  broken  turbine  blades,  too  great  clearance,  or  any  internal 
troubles. 

The  measurement  of  condensate  is  but  one  important  purpose  of 
the  "  Lea  "  V-Notch  Meter. 

Its  various  applications,  with  a  fund  of  exact,  valuable  information 
(  oncerning  the  increased  efficiency  and  economy  possible  from  accur- 
ate power  plant  water  measurements  arc  given  in  the  "  Log  Book  of  the 
Power  Plant,"  an  88-page  book  just  off  press. 
We  want  you  to  have  a  copy  of  this  book, 
and  will  appreciate  your  sending  your  name  and 
address  now.     No  obligation,  of  course. 

YARNALL  -  WARING  CO. 

7612-20  Queen  St.  Chestnut    Hill 

Philadelphia 


Foster  Superheaters 

Will  give  increased  efficiency  and  economical  results 

in  the  operation  of  any  plant  using  steam.      Can 

be  applied  to  boilers  of  any  type,  old  or  new. 


FOSTER  SUPERHEATER  IN  BABCOCK  &  WILCOX  BOILER 

Foster  Superheaters  are  made  for  every  class  of  service, 
either  combined  with  boilers  or  separately  fired.  The  exterior 
surface  is  protected  from  the  destructive  action  of  hot  gases — a 
feature   which   distinguishes   the   Foster   from   all    other  types. 

Perfect  Steam  Circulation  Any  Temperature  Desired 

Uniform  Superheat  Freedom  from  Repairs 

Over  a  Million  Horse  Power  in  Use 

Gaskets  for  high  temperature  steam  pipes;  Piston-rod  packing  for 
superheated  steam;  Ram  and  Plunger  Packing  for  high  water  pressures. 

We  will  be  glad  to  send  you  some  interesting  and   useful 
publications  dealing  with  the  subject  of  "Superheated  Steam." 


POWER  SPECIALTY  COMPANY 

111  Broadway,  New  York 


Branch  Offices 
BOSTON  PHILADELPHIA  CHICAGO 

BIRMINGHAM 


PITTSBURG 
SAN  FRANCISCO 
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Heat  Transmission 
/Ipparatiis 

for  various  industries  and  marine  purposes 


J    L 


:^  r 


A    L 


A    L 


HEATING  AND  COOLING  LIQUIDS 


WATER  HEATERS 

1.  closed  .type  Boiler  Feed  Water  Heaters. 

2.  DomestiG,  for  Hotels,  Apartment  Houses,  etc. 

3.  Water  Heaters  for  Industrial   Purposes— Laun- 

dries, Dye  Works,  etc.' 

WATER  COOLERS 

1.    Re-cooling  Water  for  Internal  Combustion  Engines. 
OIL  HEATERS 

1.  Heating  Fuel  Oil. 

2.  Heating  Oil  in  manufacturing  processes. 

OIL  COOLERS 

1.  Re-cooling  Turbine  Bearing  Lubricating  Oil. 

2.  Re-cooling  oil  used  for  cooling  pistons  and  bear- 

ings of  internal  combustion  engines. 

3.  Re-coc>ling  Electric  Transformer  Oil. 

4.  Re-cooling  oil  from  steel  quenching  tanks. 

HEATING  AND  COOLING  GASES 

1.  Combined    Heating,    Cooling    and    Ventilating 

Thermofans. 

2.  Air  heating  by  steam  for  drying  and  heating. 

3.  Air  cooling  by  brine  or  cold  water. 

EVAPORATORS  AND  DISTILLERS 


1.     For  producing  boiler  feed  make-up  and  potable 
water  from  salt  or  other  impure  water. 

CONDENSING 


1.  Auxiliary  Steam  Condensers. 

2.  Industrial  Vapor  Condensers. 

3.  Natiiral  Gas  Condensers. 


^  r 


A    L 
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How  Much  Economizer  Surface 
Does    It    Pay   To    Put    In? 
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r^NGINEER  Gleichmann,  in  a  report  presented  at  the 
^  Munich   Convention  of  the   International  Association 
of  Steam  Boiler  Inspecting  Societies,  says: 

"Assuming  a  uniform  load  the  most  economical  plant  at  low  feed  water  tem- 
peratures corresponds  to  a  chimney  temperature  of  266°  to  284°;  for  average 
feed  water  temperature,   338°  and  for  high  feed  water  temperature,  392°." 

That  is,  enough  economizer  surface  should  be  put  in  to  reduce  the  gases  to  this  tem- 
perature  before  they  pass  to  the  chimney. 

The  above  chart,  based  upon  American  costs,  shows  that  Engineer  Gleichmann's  figures 

are  about  right  for  a  plant  operating  at  full  load  10  hours  per  day,   300  days   per  year, 

with  coal  $2.00  per  ton.    With  more  expensive  coal,  it  would  pay  to  reduce  the  gases  to  a 

lower  temperature,  while  with  a  lower  load  factor,  not  quite  so  much  surface  should  be  installed. 

For  a  given  efficiency,  the  cost  of  steam  generating  plant  can  be  greatly  reduced  by 
installing  a  Green's  Economizer,  or  for  the  same  cost,  the  efficiency  can  be  increased;  in 
either  case  the  cost  of  steam  delivered  to  the  engine  is  reduced.  The  economy  of 
the  economizer  is  the  greater  the  higher  the  steam  pressure  employed,  the  more  expensive 
the  fuel  and  the  greater  the  charge  for  real  estate  and  buildings. 

Green's  Economizer  is  used  in  the  best  modern  pow^r  plants,  such  as  those  of  the  Ameri- 
can Sugar  Co.,  American  Ice  Co.,  American  Woolen  Co.,  Philadelphia  Rapid  Transit,  Clark 
Thread  Co.,  Corn  Products  Co.,  New  York,  New  Haven  &  Hartford  R.  R.,  Interborough 
Rapid  Transit  Co.,  Ivory  Soap  plant,  American  Iron  &  Steel  Mfg.  Co.,  Lackawanna  Rail- 
road, Michigan  Central  R.  R.,  N.  Y.  Central  Railroad,  Larkin  Co.,  Pennsylvania  R.  R., 
Richardson  Paper  Co.,  Solvay  Process  Co.,  the  Standard  Oil  Co.,  U.S.  Armory,  U.S. 
Mint,  Washington  Filtration  plant,  Board  of  Education,  Philadelphia,  etc.,  etc. 

Keep  up  with  the  latest  in  power  plant  design  by 
reading  our  100-page  Book  No.   142. 

The    Green    Fuel    Economizer    Co. 

90    WEST    STREET  NEW    YORK 
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Boston 
Philadelphia 
Spring6eld,  Mass. 
San  Francisco 
Seattle 


Montreal 


Chicago 
Rochester 
Atlanta 
Los  Angeles 
Salt  Lake  City 
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TO  USERS  OF 
COMPRESSED  AIR 

You  should  have  a  copy  of  our  //ew  publi- 
cation., No.  3024,  just  received  from  the 
printer,  if  in  the  market  for  an  air  compressor, 
or  contemplating  the  installation  of  one  some 
time  in  the  future. 

It  treats  of  the  "  Ingersoll-Rogler  Valve,"  the 
latest  achievement  in  air  compressor  engineer- 
ing and  contains  information  that  will  interest 
every  user  of  compressed   air. 

The  publication  will  be  mailed  promptly 
upon   request. 


INGERSOLL-RAND  COMPANY 

NEW  YORK  Offices  the  World  Over  LONDON 

"Little  David"  Pneumatic  Tools  Air  Lift  Pumping 
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The  above  paragraphs  appeared  in 
the  symposium  and  discussion, 
"Tests  of  Four- Pass  Boilers,"  in  a  recent 
issue  of  the  Journal.  They  are  by  Mr. 
J.  C.  Bannister,  Manager  of  the  Kewa- 
nee  Works  of  the  National  Tube  Co.; 
he  is  referring  to  the  accomplish- 
ment of 


under  the  4-600  hp.  boilers  at  their  plant. 

The  surprising  saving  in  fuel  cost,  and  the  main- 
tenance of  such  high  operating  efficiencies  under 
fluctuating  loads  on  low  grade  fuel  are  due  to  their 
wise  choice  of  the  combustion  system  which 
combines  complete  concentrated  combustion 
with  absolute  control  of  air  and  coal — THE 
TAYLOR  STOKER. 


The  manufactory  as  well  as  the  central  station  which  is  considering  a 
remodeling  of  an  existing  plant  or  a  new  power  plant,  should  not 
fail  to  investigate  the  TAYLOR   thoroughly.     Write  for  details. 


American  Engineering  Company 

PHILADELPHIA 
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Make  Sure  That  the  Stop  and  Check 
Valves  You  Buy  are  Properly  Designed 


Some    Users  of  the 
Davis  Class  C  Valve 

Aiucrican  Locomotive  Works 

International  Harvester  Co. 

Packard  Motor  Car  Co. 

Sherwin-Williams  Co. 

Illinois  Steel  Co. 

National  Tube  Co. 

Cleveland  Worsted  Mills  Co. 

National  Lead  Co. 

United  Verde  Copper  Co. 

.•\rmour  Glue  Works 

Bemis  Bag  Co. 

Tennessee  Coal,   Iron&R.R.Co. 


.An  automatic  safety  device  must 
he  dependable  or  it  is  of  little  value. 
If  there  is  a  possibility  of  its  not 
working  in  an  emergency,  you  don't 
want  it. 

Most  all  stop  and  Check  Valves  feature 
an  internal  steam  dash  pot.  They  have 
no  indicator.  There  is  no  way  of  deter- 
mining their  working  condilion.  Scale 
formation  or  e.xpansion  of  the  parts  is 
sure  to  cause  trouble  with  such  valves. 
And  you  can't  tell  anything  about  their 
condition  until  an  emergency  occurs.  It 
may  then  be  too  late  to  prevent  the 
damage  which  the  valves  are  supposed  to 
forestall. 

There  is  one  Stop  and  Check  Valve — 
The  Davis  Class  C — that  you  can  always 
depend  upon.  It  will  not  stick.  It  will 
not  pound.  You  can  see  it  work.  You 
can  test  it  by  hand.  The  internal  con- 
struction is  similar  to  a  globe  valve.     All 


the  moving  parts  except  the  disc  are  on 
the  outside. 

It  has  an  oil,  instead  of  a  steam,  dash 
pot.  No  matter  how  slight  the  move- 
ment of  the  disc,  this  oil  dash  pot  pre- 
vents pounding.  The  counter-weight 
lever  serves  as  an  indicator — you  can  see 
the  valve  work.  It  also  provides  means 
for  testing  by  hand. 

Which  type  of  valve  would  >ou  prefer  ? 
The  one  that  has  trouble  built  right  into 
it  or  the  one  that  is  designed  to  prevent 
trouble  ? 

The  demand  for  the  Davis  Class  C 
Stop  and  Check  Valve  is  increasing  every 
day.  Many  prominent  plants  are  equipped 
with  them.  Note  some  of  those  that 
are  mentioned.  When  the  time  comes 
to  buy  valves  for  your  plant,  study  the 
design  of  them  all.  The  more  you 
know  about  the  others,  the  better  you 
will  like  the  Davis  Class  C. 


G.  M.  Davis  Regulator   Company 

439    Milwaukee   Avenue,   Chicago 
New  York  —  Boston  —  Philadelphia  —  Pittsburgh  —  San  Francisco 

Makers  of  Valve  Specialties  since  1875 


lUNKENHHMER 


BRONZE  REGRINDING  VALVES 

This  line  consists  of  Globe,  Angle  and  Cross  Valves,  with  or 
without  renewable  seats  and  with  inside  screw, — the  stem  threads 
operating  within  the  bonnet,  or  with  outside  screw  and  yoke; 
Horizontal,  Angle,  Vertical  or  Swing  Check  Valves;  Screw  Down 
Check,  Blow-off,  etc.,  made  in  all  standard  sizes  and  weights. 

The  large  line  of  Lunkenheimer  High  Grade  Engineering 
Specialties  comprises,  besides  the  above,  a  complete  line  of 
Bronze  Gate  and  Lever  Valves,  all  of  which  are  likewise  furnished 
with  Iron  Body  Bronze  Mounted. 

The  line  also  includes  "Puddled"  Semi-steel  and  Cast  Steel 
Valves  of  all  types;  Water  Columns,  Gauges  and  other  Boiler 
Mountings;  Whistles  and  Ground  Key  Work  of  all  descriptions; 
Injectors,  Lubricators  and  Lubricating  Devices;  Oil  Pumps,  Oil 
and  Grease  Cups,  Gas  Engine  Specialties,  etc. 

Your  local  dealer  can  furnish  them;  if  not,  write  us. 

Lunkenheimer  Catalogue  No.  50  describes  and  illustrates  the 
complete  line.    Write  for  a  copy. 

IH£  LUNKENHEIMER  £Si 

-^-"QUALITY"— 

Largest    Manufacturers   of   High    Grade    Engineering    Specialties    in    the    World 

CINCINNATI,   OHIO 

New  YorK  Chicago  Bocton  London        3-4^ 
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LAGONDA 

Cut-Off    Valves 


ALL  engineers  appreciate  the 
advantages  of  Lagonda  Cut- 
L  off  Valves.  In  case  the  steam 
main  bursts  or  a  boiler  tube 
explodes,  these  valves  will  auto- 
matically close  and  isolate  the 
break,  preventing  further  damage. 
But  here  is  a  new  one — 

All  of  the  boilers  in  the  Monumental 
Brewing  Co.,  of  Baltimore,  Md.,  are 
equipped  with  Lagonda  Automatic 
Cut-off  Valves.  On  two  separate 
occasions  one  of  their  150-ton  refrig- 
erating machines  ran  away,  due  to 
an  accident  to  the  governor,  and  the 
normal  speed  of  50  r.p.m.  jumped 
up  to  100.  Atthisspeed, however, the 
velccityofthefiowof  steam  through 
the  Lagonda  Valve  was  sufficient  to 
shut  it,  and  the  engine  was  stopped 
without  further  damage. 

The  Lagonda  Valve  is  not  an 
ordinary  non-return  stop  valve. 
It  works  both  ways. 

Write  for  our  Catalog  "The  Lagonda  Auto- 
matic Cut-off  Valve"  and  find  out  why  all 
prominent  boiler  insurance  companies  and 
the  U.  S.  Government  recommend  the  use 
of  these  valves. 


WVOHK. 

BOSTCH  PHILADCIFHIA. 

ST  LOUIS.  CMJC^Ca  DCTDOn 


DALLAS. 

SANFiuncsa 

RUJL  HOKTRUL  LOMDON 


Makers  of  Lagonda  Tube  Cleaners,  Automatic  Cut-Off  Valves. 
Reseatinfi  Machines.  Boiler  TubeCuttefs  and  Water  Strainers 


The  Diamond  Trade  Mark 

Is  Your 

Protection      ^.w.>:;^^ 

There  can  be  no  question  about  the  sound 
business  sense  of  installing  "trade-marked 
goods"  of  known  standing  and  quality. 

An  article  which  is  not  good  enough  to  be 
trade-marked,  or  bear  evidence  of  grade  backed 
by  the  maker,  is  not  good  enough  to  specify. 

Jenkins  Bros.  Valves  are  distinguished  by 
their  registered  trade  mark.  Specify  Jenkins 
Bros,  products  and  you  obtain  quality  and 
good  service. 

Jenkins  Bros. 
Gate  Valves 

Brass      Iron  Body      Cast  Steel 

The  type  illustrated  this 
month  is  the  Jenkins  Bros. 
Brass  Gate  Valve.  Partic- 
ular attention  is  directed 
to  the  globe  shaped  body — 
a  unique  and  distinctive 
feature  in  gate  valves,  orig- 
inated by  Jenkins  Bros. 
This  design  secures  the 
greatest  possible  strength, 
rigidity,  symmetry,  and 
full  free  opening. 

The  metal  is  of  the  same 
high  grade  as  used  for  the 
Jenkins  Bros.  Brass  Globe 
and  Angle  Valves.  The 
valves  are  all  of  the  solid- 
wedge,  double-face  type,  therefore  simple  in 
construction  and  free  from  troubles  incident  to 
internal  wedging  devices. 

Made  in  various  styles,  stationary  spindle, 
outside  screw  and  yoke,  rising  spindle,  wood 
wheel,  brass  wheel,  hose  end,  cap  and  chain, 
quick  opening;  and  in  Standard,  Medium  and 
Extra  Heavy  Patterns. 

Write  for  catalogue  descriptive  of  the  entire  line. 

Jenkins  Bros. 

New   York,  Boston,  Philadelphia,  Chicago 

Jenkins  liros..  Limited,  Montreal,  P.  0.,  London,  E.  C. 
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THE   NASH  ENGINE 


For  27  years  tKe  leader 

in  Vertical  Gas 
Engine  Design 


Specially  adapted  for 

Electric  Generation 
Water  Works 

ami  high  grade 
Power  Plants 


National  Meter  Company 


CHICAGO 


NEW  YORK 


BOSTON 


■■■If  III  I    I  ■ilHIIIIIIlll         II  HI  I  nil  II  II  11  I      U      II   II  ■      III  III      Ml       I 

iiniiiiiiii  mil  in  I   jniiiiiiiiiiiiii    ■  i  in     n  ii    mi  i        t     i  i  i  iiii  ni  ii   i  imi  niniiiiiiiii,  niii    iiniit  mti    n  ■- 

I.  P.  MORRIS  COMPANY 


PHILADELPHIA,  PA. 


Specialists  in  the  Design  and  Construc- 
tion of  High  Class^  High  Power^  and 
High  Efficiency  Hydraulic  Turbines 


I  Illustration  shows  one  of  six  turbines  designed  and 
I  built  for  the  Laurentide  Company  Ltd.,  Grand  Mere, 
I    P.  Q.,  Canada.      Unit  is  of  the  single  runner,  vertical 

shaft  type,  with  cast  iron  pit  liner.     Volute  casing  and 

draft  tube  are  formed  in  the  concrete. 

i    The  I.  P.  Morris  Company  have  built  or  have  under 
construction  turbines  of  this  type  aggregating  472,700 
„   horse-power. 

Inquiries  for  turbines  requiring  special  design  will  be 
^iven  every  attention. 


20,000  H.  p.  TURBINE 
Head  76  feet.  Speed  120  R.  P.  M. 

Most  powerful  Turbines  of  this  Type  ever  built 


lilllitllllllllillllill'lllllUiillllljMI!:' 
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Upper  Runs  of  the   Vaj      Hint  '   Noiseless  Pivoted  Bucket  Con- 
veyors    L.  S    and  M.S.  Railway  Co.  Coaling  Station,  Toledo,  Ohio 

The  "Last  Word"  in 
Locomotive  Coaling  Stations 

EQUIPPED  WITH 

"HUNT"  MACHINERY 

C.  W.  HUNT  CO.,  Inc. 

West  New  Brighton,   N.  Y.,   U.  S.  A. 

45  Broadway,  N.  Y.  City  Fisher  BIdg.,  Chicago 

Evans  Building,  Washington 


1  11  nn  It  n »      «  huh  onnniii  mniiiH 


Brown  Pyrometers 


Meet  every  requirement  in  the  meas- 
urement of  temperatures  up  to  3600° 
or  as  low  as  —200°.  Brown  High 
Resistance  Pyrometers  are  unaffected 
by  the  length  of  wire  connecting  the 
thermo-couple  and  indicator.  Our 
o6-page  Catalogue  describes  other 
advantageous  features. 


THE  BROWN  INSTRUMENT  CO. 

PHILADELPHIA,  PA. 

NEW  YORK  PITTSBURGH  CHICAQO 


WHEELER 

COOLING  TOWERS 

The  American  Standard 


The  Wheeler  Condenser  &  En- 
gineering Company  is  now  building 
and  erecting  a  large  number  of 
towers  of  both  the  natural  and 
forced  draft  types. 

The  Wheeler-Balcke  Tower  is 

recognized  by  the  leading  engineers 
of  the  country  as  the  standard  natu- 
ral draft  tower  for 
use  wherever  groun  d 
area  is  available. 
One  engineer  has 
summed  up  the  ad- 
vantages of  the 
Wheeler  -  Balcke 
Tower  by  stating 
that  it  was  "equiva- 
lent to  a  natural 
water  supply." 

We  publish  a 
number  of  interest- 
ing pamphlets  and 
bulletins  on  natural 
and  forced  draft 
cooling  towers.  Send 
for  these,  designat- 
ing the  type  of  tower 
you  are  interested  in . 

WHEELER  CONDENSER 

&  ENGINEERING 

COMPANY 

Carteret,  New  Jersey 

120 


Capacity  200,000 
gallons  per  hour 


0 


I 

««^ 

;    i 

Capacity  ib6,U00 
gallons  per  hour 


Capacity  92,400 
gallons  per  hour 
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FULTON 

Oil  and  Steam  Eng;ines 

Are  Backed  by  Our  Reputation  for  Reliability 
*' Sixty  Years  of  Successful  Manufacturing" 

We  build  our  machinery  complete  in  our  own  plant.  Long-  ex- 
perience has  demonstrated  the  proper  materials  to  be  used  in  our 
castings  and  our  workmanship  is  of  the  highest  class. 

Fulton=Tosi  Oil  Engines,  Diesel  Type 

Fulton=Corliss,  Medium  and  High  Speed  Engines 


Write  for  Oil  Engine  Bulletin  "A." 


FULTON  IRON  WORKS 

1259  Delaware  ST.  LOUIS,  MO. 


Hamilton-Corliss  Engine 

Installed  in  a  power  plant  is  a  guarantee  for  successful  and  economical 
operation  combined  with  Reliability,  Economy,  Noiseless  Operation 

and  Perfect  Regulation.  That  is  the 
reason  why  the  most  exacting  users  of 
steam  engines  select  our  make  of  engine. 
Our  experience  covers  a  long  period  of 
time  dating  back  almost  to  the  incep- 

Tandem  Compound  Corhss  Rolling  Mill  Engine  1\qT^    qJ    ^YiQ    QOrHSS     idea    Of    ValVe    COUtrOl  . 

Why  not  benefit  by  our  experience?  Our  large  corps  of  expert 
j  Engineers  is  at  your  service  and  we  can  adapt  our  engines  to  any 
I  kind  of  service.  Write  for  Bulkthts. 


I 


J 


The  Hooven,  Owens,  Rentschler  Co. 

Offices   in    all  large   cities  Hamilton,     Ohio 


'"■■r'!iiiiiluiiiiiiWiiiiHBiiiliiiii)"i" 
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DISCRIMINATING  Engineers  in  all  sections  of  the  country  choose  BALL 
ENGINES,  because  of  their  economy,  reliability,  and  all  around  faculty 
of  making  good.  ^  Investigate  the  special  features  of  the  Ball  Non-releasing 
Gear  Corliss.     It  is  not  an  ordinary  four-valve  engine.     Our  catalogue  tells  why. 

BALL    ENGINE    COMPANY 

ERI  E,     P  A. 


1  I  iiinaniiH       i 
Jnii  Himiiiiiiiii  I  I 
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The   Murphy 

is  clipping  as 

high  as  25% 

from    many 

fuel  bills.  It's 

just  like  a  re- 

bate from  the 

coal  man. 

MURPHY 

Automatic  —  Smokeless 

FURNACES 

Perfectly  automatic  in  all  their  func- 
tions— burn  slack  and  low  grade  bitumi- 
nous fuels  without  waste  and  without 
smoke. 

Adaptable  to  boilers  of  any  type  and 
to  units  of  any  size. 

Let  us  tell  you  of  the  savings  the 
"Murphy"  is  effecting  in  power  plants 
from  coast  to  coast. 

Write   for   the   Catalog 

MURPHY  IRON  WORKS 


Chicago 


Detroit 


Buffalo 

1 66 
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Reducing  the  Pay-Roil— 
Improving  the  Product- 
Increasing  the  Capacity— 


are  the  three  most  important  accomplishments  of  a 
Conveyer  System. 

In  these  days  of  manufacturing  retrenchment,  archi- 
tects and  engineers  are  ahve  to  the  necessity  of  pro- 
viding the  best  and  simplest  means  for  reducing  time 
and  labor  in  manufacturing  processes.  Development 
in  gravity  and  power  conveying  devices  have  attracted 
wide  and  interested  attention,  and  all  promoters  of 
industrial  projects  are  giving  the  subject  thorough 
investigation. 

Be  prepared  to  specify  the  best  types  of  mechanical 
handling  machinery  by  securing  literature  illustrating 
and  describing  the  Mathews  line  of  Standard  Equip- 
ment— the  oldest  and  best  known  in  America. 


Mathews  Gravity  Roller  Carriers  and  Steel  Chutes  in  a  Biscuit  Factory 


GRAVITY  ROLLER  CONVEYERS 
GRAVITY  WHEEL  CONVEYERS 
AUTOMATIC  ELEVATORS 

GRAVITY  ROLLER  SPIRALS 
GRAVITY  SPIRAL  CHUTES 
POWER  PALLET  CONVEYERS,  Etc. 

We  have  branch  offices  in  all  leading  American  cities  with 
competent  engineers  in  charge.  Personal  assistance  given 
to  architects  and  engineers  in  working  out  handling  systems 
for  their  clients.     We  make  no  charge  for  this  service. 


ATTENTION  OF  MECHANICAL  ENGINEERS 

Cut  out  this  coupon,  attach  it  to  your  letter  head  and  we 
will  mall  our  full  set  of  catalogs  and  bulletins  Illustrating 
and  describing  the  Mathews  llneof  Standard  Equipment, 
consisting  of  Gravity  Conveyers,  Automatic  Elevators. 
Gravity  Roller  Spirals.  Gravity  Spiral  Chutes,  etc. 
Sooner  or  later  you  will  have  use  for  the  information 
given  In  our  literature. 


Main  Office  and  Factory 

EllwoodCity,  Pa. 


Branch  Factories; 
TORONTO.  ONT 
LONDON.  ENG. 


Accessibility  of  the 

DE  LAVAL 

Centrifugal    Pump 

This  photograph  shows  a  De  Laval  Steam  Turbine  driven  Centrifugal 

Pump  of  one  hundred  milhon  gallons  daily  capacity.    All  working  parts 

are  at  once  accessible  upon   lifting  the  casing  cover   and   may  be  taken  out  after  removing  the 

bearing  caps.    All  parts  subject  to  wear  are  made  to  limit  gauges  and   are  quickly  renewable  at 

small   expense.     Contrast   this  with   the   labor  and  expense  involved  in  overhauling  a  reciprocating 

pump,  with  its  numerous  valves,  packings,  sliding  surfaces,  etc. 

The  De  Laval  Pump  retains  its  efficiency,   whereas  the  slippage  of  a  reciprocating  pump   is  con- 
stantly increasing. 
De  Laval  Pumps  are  made  in  all  capacities  and  for  all  heads,  and  for  driving  by  belt,  electric 
motor  or  steam  turbine. 

If  you  are  interested  in  pumping  matters,   send  for  our  new  300-page 

Treatise  B-58. 

De  Laval   Steam   Turbine   Co. 

Trenton,  N.  J.  „ 
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Machines  We  Have  Made — 

Hosiery    Knitting    Machines 

Bobbin  Turning  and  Boring  Machines 

Celluloid   Turning   Machines 

Pointing   Machines 

Shoe   Machines 

Optical    Machines 

Safety    Razor  Machines 

Paper   Tube    Machines 

Paper    Bag    Filling    Machines 

Button    Hole    Machines 

Laboratory    Machines 

Horn-Presses 

Rock    Drills 

Automatic    Feeders    for    Printing    Presses 

Jigs,  Fixtures  and  Tools  to  your  blue  prints 


Going  to  Build 
a  Special  Machine? 

If  so,  we  submit  that  our  forty  years'  ex- 
perience in  building  special  machines  for  knit- 
tiny-  mills,  paper  making,  wood  working 
and  nearly  everj'  other  kind  of  purpose  has 
fitted  us  to  help  you  solve  your  problem. 

Our  whole  plant  is  at  your  disposal  to 
put  the  new  idea  into  form.  Plans  are  held 
and  work  executed  in  strict  confidence. 
Our  large  modern  factory  insures  accurate 
work  at  a  reasonable  cost.  The  result — 
your  special  machine  is  built  right  in 
ever}^  detail. 

Estimates  gladly  furnished  from  blue  prints. 

C.  H.  Cowdrey  Machine  Works 

FITCHBURG,  MASS. 

Contractors,   Builders   and    Designers   of   Special 
Machinery 


Vo  Guide  Idlerg 


No  Edge  Wear 
No  Spiuage 


True    to    you — it   carries    the    load      straightawaj" 

and  leaves  no  extra  tonnage  cost  heliind. 

True  to  us — it  does    the   things  we  say  it  will — and 

does  them  well. 

True   to    its    name — the      long  life"  of  our  belts  is 

being  proved  in  great  jjlants  all  over  the  earth. 


Goodrich 
Products: 

Conveyor  Belts 
Klevator  Belts 
Transmission 

Belts 
Hose— All  Kinds 
Packing- 
Valve.',  etc. 


inm^iiiR  lEQi 


have  the  strength,  the  friction,  the  rubber  cover  and  the  edge 
construction,  which  means  greatest  efficiency  and  economy  for 
YOU    in  the   conveying  department  of  your  business. 

The  results  we  can  show  with  these  belts  are  the  natural  outcome  of 
ripe  experience  and  persistent  striving  to  be  true  to  our  ideals— 
and  your  working  needs. 

Wie  will  gladly  refer  you  to  customers  who  are 
finding  our  belts  best 

The  B.  F.  Goodrich  Company 


Factories:    Akroo,  Ohio 


There  is  nothing 

in  Goodrich  Advertising 

that  isn  't 

in   Goodrich   Goods 


Branches  in  All  Principal  Cities 

:^  Makers  of 

^^^  Goodrich  Tires  and 

il^^  Everything 

„..  '''at's  Best  in  Rubber 
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INCHER 


>  ATHER  large  for  a  safety  valve  for  exhaust  steam  service. 

In  spite  of  its  size  this  valve  is  just  as  quiet,  smooth  and  reliable 
in  its  operation  as  a  S-in.  valve  would  be,  because: 

It  consists  of  a  large  number  of  5-in.  valves,  all  in  one  casing. 

Each  separate  valve  disk  is  provided  with  its  own  independent 
dashpot  and  loading  spring.  Because  of  its  small  size,  its  movement 
and  velocity  are  limited,  and  as  its  periphery  is  large  in  proportion  to 
the  opening  through  the  seat,  it  requires  only  a  small  rise  to  give  full 
opening,  and  does  not  deliver  a  severe  hammer  blow  in  closing. 

As  there  are  no  parts  directly  connected  to  the  valve  disk  which 
extend  outside  of  the  casing,  there  is  no  possibility  of  obstruction  by 
external  objects,  or  jamming  by  overtightening  of  glands  or  otherwise. 

The  tension  upon  the  loading  springs  is  determined  by  a  pressure 
plate,  bearing  upon  all  alike  but  limited  in  its  travel  so  that  overload- 
ing or  tying  down  is  impossible.  This  is  the  only  and  original  "fool- 
proof" back  pressure  valve. 

By  turning  the  hand-wheel  on  the  outside  of  the  casing,  either 
directly  or  by  means  of  a  chain  from  the  engine-room  floor,  the  pres- 
sure can  be  varied  easily  and  quickly  from  zero  to  the  full  maximum. 
The  operator  need  not  climb  ladders,  lift  heavy  weights  or  even  use  a 


wrench.  With  the  COCHRANE  MULTIPORT  regulation  of  the 
back  pressure  is  just  as  easy  as  opening  and  closing  the  throttle  valve, 
so  that  the  engineer  is  encouraged  to  adjust  his  back  pressure  accordiii^; 
to  the  heating  or  other  requirements,  carrying  a  high  back  pressure  in 
the  mornings,  say,  when  the  heat  is  required,  and  little  or  no  back 
pressure  in  the  afternoon,  or  regulating  the  back  pressure  upon  absorp- 
tion ice  machines  or  other  apparatus  as  it  is  needed,  and  relieving  it  at 
other  times,  thereby  reducing  the  steam  and  fuel  consumption. 

Our  new  book  on  the  Cochrane  Multipart  contains  valu- 
able and  interesting  information  on  the  design  of  safety  and 
back  pressure   valves  and  their  uses. 


Harrison  Safety  Boiler  Worl(s 


3199   No.  ITth  Street 


PHILADELPHIA,    PA. 
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Its  Answer 
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■'HE  MARKED  paragraphs  in  these  two  letters  tell  the  vital  story  of  "Sells"  Line-Shaft  Roller  Bearings.  They  answer  the 
question  about  the  saving  in  power,  for  the  first  letter  says.  ■•  *  *  *  better  than  your  guarantee  of  50To'  (at  the  shaft); 
and  the  second  letter.  "  *  *  *  saving  in  power  between  20  and  30''f  "  (at  the  prime  mover).  As  for  uiear — the  second  letter 
is  certainly  a  conclusive  reply  to  this  question.  There's  a  guide  here  for  every  manufacturer — a  pointer  to  sharp  decreases  in 
production  cost.    Let  us  prove  to  vou,  in  hard,  cold  Dollars  and  Cents,  the  small  cost  and  the  big  saving.    Now 


ROYERSFORD  FDY.8r  MCH.C0.,S2  N.5TH  ST.,PHILADA 
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Venturi   Accuracy  is  Demonstrated   in 
the  Leading  Technical  Schools 


The  fact  that  the  leading  tech- 
nical schools  and  colleges  throiigh- 
eiit  the  country  have  permanent 
Venturi  testing  equipment  in- 
stalled illustrates  their  high  opin- 
ion of  this  form  of  measurement 
for  boiler  feed  and  other  service. 
The  illustration  shows  the  stu- 
dents of  Drexel  Institute  at 
Philadelphia,  demonstrating  the 
high  accuracy  of  the  X'enturi  by 
weighing  the  feed  water  on  plat- 
form scales.  A  2"  Venturi  Meter 
Tube  connected  with  a  Type  M 
Indicator-Recorder  performs  the 
dual  service  of  continuously  check- 
ing the  efficiency  of  the  boilers  and 
also  providing  an  instructive  exer- 
cise in  power  plant  economy.  This 
meter  has  been  installed  since  1912 


and  its  two  years  of  service  meas- 
uring hot  water  at  very  high  tem- 
peratures is  proof  of  Venturi  ac- 
curacy and  durability. 

Among  other  well  known  Ven- 
turi-equipped  technical  schools 
and  colleges  are: 

Massachusetts  Institute  of  Tech- 
nology 
Worcester  Polytechnic  Institute 
Lehigh  Institute 
Harvard  University 
Brown  University 
Case  School  of  Applied  Science 
Michigan  Agricultural  College 
University  of  Texas 
University  of  Illinois 
Leland-Stanford  University 
Johns  Hopkins  University 


.Students  Testinjl  \  enturi  Meter  at  Uresel  Institute,  Phila. 

Why  not  avail  yourself  of  the  experience  of  these  laboratories?     A  Venturi  meter  would 
improve  your  boiler  plant  economy.   Write  for  Bulletin  No.  68  M.    Yours  without  obligation. 

Builders  Iron  Foundry,     "Builders  of  the  ventun,"     Providence,  R.  I. 

New  York  Pittsburgh  Chicago  San  Francisco  Portland  Seattle 
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MODEL  280,   Single  Range 
Portable  Voltmeter. 

(One-quarter  Slie.) 


MODEL  280,  Triple  Range 
Portable  Volt-Ammeter. 

(One-quarter  Size.) 


WESTON 

Miniature  Precision  Instruments 
for  Direct  Current 

A  new  group  of  very  small  Indicating  Instruments 
COMPACT  — ACCURATE— DURABLE  — BEAUTIFUL 

PORTABLE 
Voltmeters,  Millivoltmeters,  Volt-Ammeters,  Ammeters,  Mil- 
Ammeters,   are  supplied  in  single,  double  and  triple  ranges. 

The  triple  range  volt-ammeter  comprising  six  instruments  in 

one.      This  group  also  includes  BATTERY  TESTERS. 

SWITCHBOARD 
Voltmeters     Volt-Ammeters     Ammeters      Mil-Ammeters 

This  new  line  of  instruments  represents  the  latest  development  of  the 
pivoted  moving  coil,  permanent  magnet  type  for  low  ranges. 

The  refinement  of  design  and  mechanical  work  in  them  has  been  carried 
to  a  degree  which  would  appear  to  be  almost  impossible  of  accomplishment, 
if  the  results  were  not  evident  in  the  instruments  themselves. 
They   embody    characteristics  which    have    made    the  well    Icnown    Weston 

Standards  famous   throughout   the  world. 
They  are  accurate,  dead  beat  and  extremely  sensitive. 

They  may  be  left  continuously  in  circuit  at  full  load  without  injury  and  are 
shielded    against    the    external    electrical   and    magnetic  influences   of 
other  apparatus   in   their  vicinity. 
They  are  substantially  constructed   and  may   be  safely  sent  long  distances 
through  the  mails  and  will  withstand  an  extraordinary  amount  of  vibration  without  injury. 
They  have  the  longest  scale  ever  provided  in  instruments  with  equal  length  of  pointer. 
Each  model  has  been  thoroughly  tested  under  the  most  severe  conditions  of  service  and  in  experiments  extending  over  more 

than  one  year. 
The  portable  Instruments  may  be  conveniently  carried  in  the  coat  pocket. 
The  prices  have  been  established  upon  so  low  a  scale  that  any  one  may  possess  one  or  nsore  of  these  remarkable  instruments 

at  moderate  cost. 
If  you  cannot  obtain  the  instruments  desired  from  your  dealer,  write  us. 
The  several  models  and  ranges  offer  a  selection  from  over  300   different   combinations,    listed    in   Bulletin    No.   8.      Will    be 


MODEL  267.  Switchboard 
Ammeter. 

(One-quarter  Size) 


MODEL    268.    Switchboard 
Volt-Ammeter.  Reads 

Amperes.  Presa  Button  for 
Volts.    (One-quarter    Slae.) 


mailed  upon  request. 


WESTON  ELECTRICAL  INSTRUMENT  COMPANY, 


Stanley  Brown.  114  Liberty  6t..  New 

York  City. 
Badt-Westburg  Elec.  Co.,  832    Mo- 

nadnock  block,  Chicago,  111. 
F.  E.  Gilbert.  303-4  Hale  BIdg..  1326 
Chestnut  Street. Philadelphia. P:i. 
Geo.  H.  Moseman.    176  Federal  St.. 

Boston,  Mass. 


Milton     Mill,    915     Olive    St..     St. 

Loula.  Mo. 
B.  K.  Sweeney  Electrical  Co..  2910 

Huron  St.,  Denver,  Colo. 
Frank   E.   Smith.    682    Mission    St.. 

San  Francisco.  Cal. 
S.   C.  Dinsmore.    1933    Dime    Bank 

Bldg..  Detroit.  Mich 


Walter  P.  Ambos  Co..  1729  East  12th 

St.,  Cleveland.  Ohio. 
A.  H-  Winter  Joyner.  Ltd.,  76  Bay 

St..  Toronto,  Canada. 
We.ston   Instrument   Co..    Ltd..    Ge- 

neststraase  5.  Schoneberg.  Beriln. 

Germany. 
D.  R.  Peiest.  415  Fourth  Nafl  Bank 

Bldg.,  Atlanta.  Ga. 


Main  Office  and  Works. 
NEWARK.  N.J. 

Edwin  Wortham.  Suite  28.  Allison 
Building.  8th  St.,  &  Main  St.. 
Richmond,  Va. 


Montreal  A 
Winnipeg  l 
Vancouver  f 
Calgary        ) 


Weston  Electrical  Instrument  Co., 
Audrey  House.  Ely  Place,  Hol- 
born.  London,  E.  C. 
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75%  Efficiency 


with  the 


NORDBERG 

POPPET  VAi^E 
ENGINE 


A  RECORD  performance  was  made 
-^*-  on  the  acceptance  test  of  the 
Nordberg  Cross  -  compound  Poppet 
Valve  Engine  built  for  the  U.  S.  Metals 
Refining  Co.,  Grasselli,  Ind. 

This  engine,  illustrated  above,  has  Nordberg 
Poppet  Valves  on  the  high-pressure  cylinder 
and  Nordberg  CorHss  Valves  with  full  stroke 
gear  on  low-pressure  cylinder. 

Un  test  with  155  lbs.  boiler  pressure,  76° 
superheat  and  26"  \acuum,  this  engine  showed 
an  economy  of  11.015  lbs.  per  horse  power 
hour,  which  corresponds  to  75.3%  efficiency, 
as  compared  to  the  theoretical  or  Rankine 
cycle  efficiency. 

Nordberg  Poppet  Valve  Engines  have  been 
built  for  over  20  years.  Some  of  the  first 
Poppet  Valve  Engines  are  still  in  operation. 

They  are  built  in  all  s'zes,  simple  or  compound , 
condensing  or  non-condensing.  Compound 
Engines  have  Poppet  Valve  high-pressure 
cylinders  and  Corliss  Valve  low-pressure 
c\linders. 

For  further  information  write  (or   our   Bulletin   25 

SORDB[RG     NORDBERG  MFG.  CO. 

Milwaukee  Wisconsin 

MuiiuljL'turcrs  of  High  Efficiency  Corliss 
Engines;  Uniflow  Engines;  Poppet  Valve 
Engines;  Air  Compressors;  Blowing  En- 
gines; Hoisting  Engines;  Pumping  En- 
gines; and  other  machinery.  11 


L 

MACHINFRY 


C.  H.  Wheeler  Condensers 

We  guarantee  our  apparatus  to  maintain  a  vacuum  as  close  to 

absolute  as  Is  commercially  possible,  and   with  the 

lowest  operating  and  maintenance  cost. 

The  C.  H.  WHEELER  "High  Efficiency  "  System 
of  Steam  Auxiliaries  includes  : 

C.  11.  WHEELER  High  Transmission  Surface  Condensers. 

C.  H.  WHEELER  Counter  Current  Central  Barometric;  and  High 

\'acuum  Low  Level  Jet  Condensers. 
C.  H.  WHEELER-PRATT  "ROTREX"  Patent  Vacuum  Pumps. 
C.  H.  WHEELER-MULLAN  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-THYSSEN  Hydraulic  Entrainment  Type  High- 
Speed  Vacuum  Pumps. 

C.  H.  WHEELER  IMPROVED  Rotative  Drj-  Vacuum  Pumps. 

C.  H.  WHEELER  Centrifugal  Pumping  Machinery,  all  capacities, 

Belt,  Engine.  Turbine  or  Motor  driven. 
C.  H.  WHEELER-PRATT  Water  Cooling  Apparatus.  Forced  and 

Natural  Draft  designs.     Sold  on  efficiency,  durability  and  low 

maintenance  guarantees. 
C.  H.  WHEELER  Improved  Closed  Feed  Water  Heaters  for  primary 

or  auxiliary  service. 
C.  H.  WHEELER  Vertical  Enclosed  Self-Lubricating  Ejigines. 
C.  H.  WHEELER  Atmospheric  Exhaust  Valves. 
Multiflex  Automatic  Relief  Valves. 
Expansion  Joints. 

"  Everything  but  the   Turbine  " 

C.  H.  WHEELER  MANUFACTURING  CO. 

PHILADELPHIA,  PENNA. 


New  York 

Boston 


Pituburgh 
Cleveland 


BRANCHES 
Chicago  San  Francisco       New  Orleaiu 


Cincinnati      Charlotte 


Honolulu  T.  H. 


Perfect  Design  and 
Workmanship 


ONE    FEATURE   OF 


The  Providence  Pump 

Built  with  the  same  excellence  of  design 
and  workmanship  that  distinguishes 
our    Rice  &  Sargent    Corliss    Engine. 

Capacity,   100  to    100,000 
Gallons  per  Minute 

Double  Suction  Pumps  for  moderate 
heads.  Stage  Pumps  for  greater 
heads  or  pressures. 

PROVIDENCE  ENGINEERING  WORKS 

Providence,  R.  I. 
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THE   201ST   STATION 

OF   THE  UNITED  ELECTRIC   LT.  &  PWR.  CO. 

NEW  YORK  CITY 

„,„„„.,. , ., .,_  is   equipped    with 

""'  ^       32  VULCAN 

SOOT  CLEANERS 

because  the  VULCAN  SYSTEM  proved  to  be  the 
easiest  and  quickest  way  of  getting  rid  of  soot. 
SIDE  BLOW  DOORS  WERE  OMITTED  to  pre- 
vent air  leakage.  The  VULCAN,  by  being  installed 
thru  the  top  of  the  boiler,  permitted  the  boilers  to 
be  set  closer  together,  thereby  saving  valuable 
floor  space. 

Send  for  our  book  "Economical  Steam  Production"  on  the  subject  of  "Soot  in 
Relation  to  Boiler  Efficiency."  It  is  of  much  interest  to  Mechanical  and  operating 
engineers.     A  complimentary  copy  will  be  mailed  promptly  upon  request. 

G.  L.  SIMONDS  &  CO.  228  So.  La  Salle  St.,  Chicago 


VULCAN  SOOT  CLEANER 
Top  Installation 


The    Best  Steel 


obtainable  might  be  made  into  wire  whicli 
would  be  too  hard  and  brittle  to  make  a  good 
wire  rope. 

Or  the  wire  might  be  of  a  quality  that 
would  stand  all  tests  and  yet  make  a  poor  rope, 
because  of  lack  of  care  and  skill  in  stranding, 
or  because  of  an  improper  design. 

The  good  rope,  the  kind  which  wears  well 
and  gives  satisfactory  service,  is  made  from 
wire  of  uniform  quality,  stranded  together  in  a 
workmanlike  manner  in  accordance  with  de- 


signs, planned  in  the  light  of  experience  in 
manufacture  and  close  study  of  the  operation 
of  wire  rope  in  use. 

The  rope  that  bears  the  above  trade  mark 
is  known  wherever  wire  rope  is  used  as  one 
which  wears  well  and  gives  the  best  service  of 
which  wire  rope  is  capable. 

Such  a  reputation  is  not  an  accident  but 
the  natural  result  of  a  thorough  appreciation  of 
what  must  be  done  to  make  a  good  rope,  and 
the  necessary  facilities  for  doing  it. 


John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 
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Reduce  Costs  and  Promote  Factory  Efficiency   ^^"^ 

Shaw  F.  T.  Electric  Monorail  System 


The  Shaw  "F-T"  Electric 
Monorail  System  is  DIF- 
FERENT. 

Thf  term  "F-T"  signifies  the 
FIXED  TONGUE  in  the  track 
switcli — no  moving  part — noth- 
ing to  set — no  open  ends. 

These  distinctive  features  of 
the  Shaw  Monorail  System  es- 
tablish the  SAFETY  and  EF- 
FICIENCY of  the  overhead 
monorail  for  Factory  Trans- 
portation. 

SAFETY— Owing  to  the  ab- 
sence of  any  open  ends  in  the 
track  system,  derailments  are 
impossible  and  no  "safety  ap- 
pliances" are  required. 


The  Fixed  Tongue 
Track  Switch 


Send  for  Our  Illustrated  Bulletin  73-B 


EFFICIENCY— No  time  is 
lost  at  the  switches — the  Shaw 
Monorail  Hoist  is  "dirigible" 
and  runs  through  the  switches 
without  stopping — the  operator 
in  the  cab  controls  the  route 
as  well  as  the  hoisting  and 
travel  motions. 

Heretofore  the  weak  point 
in  the  Overhead  Monorail  has 
been  the  track  switch,  but  with 
the  Shaw  System  the  Track 
Switch  is  an  advantage  instead 
of  a  draw-back. 

The  Shaw  "F-T"  Monorail 
Hoist  is  built  with  the  ordinary 
single  lift  or  with  double 
lift  for  handling  long  material; 
also  for  Grab  Bucket  opera- 
tion. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

General  Offices,  119  W.  40th  St.,  New  York,  N.  Y. 


Chicago,  III. 
Cincinnati,  Ohio 
Cleveland.  Ohio 
Detroit,   Mich. 


Shaw  Crane  Works:     Muskegon,  Mich. 

BRANCH  SALES  OFFICES: 
Boston,  Mass. 
Buffalo.  N.  Y. 
Milwaukee,  Wis. 
New  Haven,  Conn, 


Philadelphia.  Pa. 
Pittsburg.  Pa. 
St.  Louis.  Mo. 
San   Francisco.   Cal. 


H 


Never  Known  a  Failure  ! 

jMOORE    &    WHITE    FRICTION    CLUTCHES    and     Cut-off    Couplings    have    made   good 
for  thirty  years  ! 

They  have  met  and  solved  every  existing  Clutch  problem. 
The\'re  used  where  reliable  service  is  demanded. 

Specify  Moore  &  White  Friction  Clutches  and  your  clients  will  have  their 
Clutch  problems  eliminated. 

Send  for  your  1915  Catalog 

THE  MOORE  &  WHITE  CO. 

PHILADELPHIA,  PA. 
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Over 
50.000 
miles 
in  use 


Continuous  Rail  Joint 


Weber  Rail  Joint 


The  Rail  Joint  Company 

GENERAL  OFFICES:  185  Madison  Avenue,  New  York  City 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special 
Rail  Sections,  also  Girder,  Step  or  Compromise,  Frog  and  Switch, 
and  Insulated  Rail  Joints,  protected  by  Patents. 

Highest  Awards— Paris,  1900;  Buffalo,  1901;  St.  Louis,  1904. 


Rolled 

from 

Best  Quality 

Steel 


W'olhaupter  Rail  Joint 

CataloK  at  Aeencies 

Boston,  Mass.  India  BIdg. 

t  hicago,  111.  Railway  Exchange  BIdg. 

Di-nver,  Colo.  Equitable  BIdg. 

rhiladelphia.  Pa.  Pennsylvania  BIdg. 

Pittsburgh.  Pa.  Ohver  BIdg. 

Portland,  Ore.  Wilcox  BIdg. 

St.  Louis.  Mo.  Commonwealth  Trust  BIdg. 

Troy,  N.  Y,  Burden  Avenue 

Montreal,  Can. 


London,  E.  C.  Eng. 


Board  of  Trade  BIdg. 
36  New   Broad  St. 
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PUT  THIS  THERE 


and  you  will  have  put  over 
a  good  one  on  noise,  vi- 
bration and  upkeep  costs. 
Prominent  users  consid- 
er New  Process  Pinions  a 
necessity,  not  a  luxury. 
Here  is  what— ME.\  WHO  KNOW— say  about  noise: 

"  A'oise  comes  from  cibralion.      To  eliminate  noise,  eliminate  vibration." 

Editor.  American  Machinist, 
H'''/ien  you  find  noisy  gearing,    bumping,   squeaking   or  grinding   con- 
tacts, there  energy    is    being    wasted.     Noise    prevention    is    generally    waste 
pre)>ention."  Editor.  Factory. 

One  of  the  surest  indications  of  perfection  of  action    in    any   piece   of 
machinery  appears  in  noiselessness  of  operation.  " 

Editor.  Cassiers  Magazine. 
Any  man  who  has  made  a  study  of  noise  and  quiet  and  their 
relation  to  work  will  tell  you  just   that.     Quiet   is    by  far  the 
best   condition. 

Write  for  catalog — "Noiseless  Gear  Drivin§  " 
NEW  PROCESS  IS  TO  ALL  OTHER  RAWHIDE  AS  STEEL  IS  TO  IRON 

iiAi  Co  R  poimTi@N 

SYRACUSE. N.Y 

CANADIAN  AGENTS:  Robert  Gardner  &  Son.  Ltd.  Montreal         93 
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Fifty  Cents  a  Day 

added  to  your  operating  costs  will  soon 
make  up  the  difference  between  the  cost 
of  a  CLYDE  and  that  of  a  cheaper  hoist. 
Now  the  Clyde  Hoist  is  made  with  the 
one  idea  of  doing  the  work  more  economi- 
cally :  —  you  can  count  on  the  saving, 
which  will  go  on  long  after  the  difference 
in  cost  is  wiped  out. 


The  Clyde  Diamond 


4 


CLYDE 


on  a  hoist  means  a  guar- 
antee of  satisfaction. 


^^.  v>bull  find  a  Repeat- 
Drder  built  into  evep: 
cist  of  ClvdcGrade' 


LV^DE.        IRON      V/'ORK^i 

MAMUFACTURIRS  »i  CLYDE-GRADE  HOISTING  MACHINERY 

Duluth,      Minnesota      US. A  ____^^_ 


Economical 


Durable 


9  9    Crane 
Type 


"ALLIANCE 
Billet  Charging  Machine 


Cut  shows  a  machine  designed  to  charge 
billets  and  slabs  into  and  draw  them  from  re- 
heating furnaces.  It  will  pick  up  a  slab  from 
any  position  on  the  floor  and  charge  it  into 
the  furnace. 


PITTSBURG      ?l>cZ<7/ycil  ftvsvficlmSis^lAi  Hirlistlliyal  Crillia      NEW  YORK 

!  I  "^^^^.^  ALL1A.VCE:,  OHIO.     ■  ^         ^1    • 

lrtllNGM.M  CridSJEEBS  aadBUII>DCJ2i3    cm 
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The  Proper  Machine  for 
General  Erecting  Purposes 


O.  S.  LOCOMOTIVE 

CRANE 


15  Ton  Radial  Truck  Crane  with  Fall  Block  and  Bucket 

Seven  of  these  machines  purchased  by  the  United  States 

Government. 

Built  for  standard  or  broad  gauge  track,  4  wheel  or  8  wheel 

car  body,  full  steel  cab  or  steel  canopy  only  and  with  any 

special  equipment,  such  as  pile  driver  leads,  steam  shovel 

attachment,  etc. 

Bulletin  No.  9  gives  full  details 

Orton  &  Steinbrenner  Co. 

Material  Handling  Machinery 
Main    Office:    C  H  I  C  .\  G  O  ,     ILL. 
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Clutch  Speed  Counter  No.  21 


is  without  question  the  best  instrument  manu- 
factured for  finding  the  revolutions  per  minute 
made  by  a  shaft,  or  any  other  revolving  part. 

Can  be  used  on  either  high  speed  or  low  speed  ma- 
chinery* Speeds  as  high  as  5000  r.p.ni.  can  be  safely 
measured. 

.\  slop-watch  is  not  needed  because  the  register  is 
automatically  disengaged  by  a  spring  clutch  and  the  count 
stops  instantly  when  pressure  is  removed  from  the  end  of 
the  instrument. 

SEND    FOR    COMPLETE    CATALOGUES 
DESCRIPTIVE  OF  VEEDER   PRODUCTS. 

THE  VEEDER  MFG.  CO. 

16  Sargent  St. 
HARTFORD,    CONN. 

Makers    of    Cyclometers,    Odometers,  Tachometers, 
Tachodometers,  Counters  and  Small    Die  Castings. 


I'!!!1lll1lllli 


Automatic  Control 

Wherever  there  is  a  manu- 
facturing process  in  which  heat 
or  time  or  pressure  is  a  factor, 
the  Tagliabue  System  of  Auto- 
matic Control  will  save  fuel, 
lighten  labor  costs,  practically 
eliminate  waste,  improve  the 
quality  of  the  product,  and  ab- 
solutely guarantee  its  uniform- 
ity. 

Tagliabue  Controllers  usually 
earn  their  cost  in  a  few  months, 
and  they  last  a  life-time. 

If  you  will  tell  us  what  you 
make,  we  will  give  you  not  only 
the  successful  experience  of  other 
manufacturers,  but  complete  de- 
tails of  the  solution  of  your  own 
temperature  problems. 


ClxT.TAGLIABUE  MFG. CO. 


TEMPERATURE  ENGINEERS 

1 8  to  88  Thirty-Third  St.,  Brooklyn,  N.  Y. 


FORTUNA 

Portable  Electric  Drills 


FOR 


Drilling,  Reaming  and  Tapping 


HAND  AND  BREAST  DRILLS 
HEAVY  SERVICE  DRILLS 

Ventilated  and  Watertight 


Fortuna  Machine  Company 

127  Duane  St.  NEW  YORK 


6-Arm  Friction  Clutch   Pulley 


Power   Transmission 
Appliances 


FOR 


BELT  AND  ROPE  DISTRIBUTION 

Mechanical,     Economical,     Efficient 


Friction  Clutch  Pulleys 
Friction  Clutch  Couplings 
Friction  Clutch  Operators 
Head  Shaft  Hangers 
Sheaves 


Hangers  and  Pillow  Blocks 
Pulleys  and  Fly  ^Tieela 
Shaft  Couphngs 
Floor  Stands 
Tension  Carriages 


Forged  and  Turned  Shafts,  etc.,  etc. 

FALLS  CLUTCH  &  MACHINERY  COMPANY 

CUYAHOGA  FALLS,  OHIO 

(Branches) 

NEW  YORK  CITY  BOSTON,  MASS.  CINCINNATI.  O. 

206  Fulton  St.  54  Purchase  St.  208  Elm  St. 
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ALUMINUM     DIE-CASTINGS 

92  ,   aluminum  and  8' ,   copper 

offer   unusual    opportunity   to    reduce    production    costs 

These  strong,  light  and  very  accurate  parts  with  beautiful 
finish  and  uniform  metal  texture  are  being  made  exclusively  by  us 
and  are  the  result  cf  many  years  cf  experience  and  special  study. 

We  use  No.  12  aluminum  alloy,  which  is  pure  aluminum 
hardened  with  S'^o  of  copper.  This  is  generally  conceded  to 
be  the  toughest  and  strongest  aluminum  alloy  known  and  is  made 
even  more  serviceable  by  our  process  of  die-casting. 

Dimensions  are  accurate  to  within  .001  "  to  .005"  according 
to  size  and  design. 

Further  details  and  samples  for  inspection  and  test  will 
gladly  be  furnished  on  request.  Quotations  will  be  submitted 
promptly  on  receipt  cf  models  or  prints  and  advice  concerning 
functions  cf  the  parts  and  quantities  required. 


COURT  a  NINTH  STS. 
BROOKLYN,  N.Y. 

Western  Plant:  E.  Woodruff  &  N.   12th  Sts..  Toledo.  Ohio. 

Makers  of  Aluminum  and  White  Metal  Die  Castings  and 
Babbitt-lined  Bronze  Hearings. 


iiiiiiinifflimiiiniiiiiiiiinii  iii^ii  ini  i  iiMiiiiiiniiiiiini 


THE 
INVOLUTE  GEAR 

SIMPLY  EXPLAINED 

We  feel  sure  that  you  would 
be  interested  in  the  above  cir- 
cular, which  will  be  sent  on  re- 
quest. The  title  gives  a  concise 
idea  of  the  contents. 


THE  FELLOWS  GEAR  SHAPER  CO. 

23  Pearl  Street 

Springfield,  Vermont 


You  Can  ^'See  "  It 

TEXACO  HONOR  OIL  can  be 

"seen"  on  the  guides  and  on  the  ends 
of  bearings. 

It  cannot  be  rubbed  off,  squeezed 
out,  or  splashed  off  from  bearing  sur- 
faces. It  is  a  thorough  lubricant  with 
the  proper  body. 

TEXACO  HONOR  OIL  is 
ready  for  the  work  as  delivered.  It 
banishes  for  all  time  the  expensive 
and  all  too  prevalent  practice  of 
"doping"  up  machine  oils  with  costly 
cylinder  oil. 

Find  out  more  about  TEXACO 
HONOR  OIL.  It  comes  from  a 
fine  family. 

THE  TEXAS  COMPANY 

DEPARTMENT  M.  E. 
17   Battery  Place  New  York  City 


i      TEseaco 
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Our  New  Booklet 


"  Franklin 

Die-Cast 

Finished 

Parts" 

Just  Off 
The  Press 


Cur  twenty-two  years'  experience  means 
much  to  the  user  of  die-cast  parts. 

Our  new  booklet  carries  many  interest- 
ing facts.  It  illustrates  what  we  have 
accomplished  for  others. 

It  may  suggest  what  we  can  accom- 
plish for  you. 

TT->7/e  for  it. 
Franklin    Manufacturing    Company 

404  South   Geddes   Street   Syracuse   N  Y 
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ELECTRIC  &  HAND  POWER  CRANES,  PORTABLE  ELECTRIC  &  MONORAIL  HOISTS 


ALFRED  BOX  &  CO.,  Philadelphia,  pa. 


!     U    i    1    il         III  I    i  II 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  MILLWRIGHTS 


POWER  TRANSMISSION  MACHINERY 

DESIGNED,  FURNISHED  AND  ERECTED 


Friction  Clutch  Pulleys 
and  Couplings 


SPECIAL  MACHINERY 


IRON  CASTINGS 


Gears   of   all  kinds 
and  sizes 


WORKS:  ELIZABETHPORT 

NEW  JERSEY 


Sales  room:  79  BARCLAY  ST. 

NEW  YORK  CITY 


O.  K.    SPEED    REDUCING    TRANSMISSIONS 

GIVE    RESULTS     WHERE    OTHER    DRIVES  FAIL 

DESIGNED    FOR   HEAVY    DUTY   AND   CONTINUOUS   SERVICE 
A  HIGHLY  EFFICIENT   PLANETARY   TRANSMISSION 


The  above  cut  represents  seven  Model  B  Speed  Reducing  Outfits,  ratio.  25.6:1:  Direct 
connected  to  General  tlectrlc  Motors,  5  H.  P.,  1140  R.  P.  M.,  giving  a  driven  speed  of 
45  R.  P.  M.  Motors  and  reducers  are  mounted  on  cast  iron  bedplates.  The  above 
outfits  operate  feed  driers  In  a  large  cereal  plant. 

w     K.    REDUCERS    ARE    MADE    IN    RATIOS    AS    HIGH    AS     1600:1    OR    MORE.       INVESTIGATE    BEFORE     DECIDING    ON    YOUR 

PLANT   EQUIPMENT 


Send  for  Bulletin  No.  4 


D.  O.  JAMES  MFG.  CO.,   1122  W.  Monroe  Street,  Chicago 


1 


100  Tons  of  Coal  Per  Hour  Successfully  Handled 
by  JEFFREY  MACHINERY  at  This  Plant 

Illustration  shows  Jeflrey  Coal  Handling  Equipment  installed 
for  the  Hamilton-Otto  Coke  Co.,  Hamilton,  (). 

Consists  of  Track  Hopper,  Single  Roll  Crusher,  Bucket  Elevators, 
Bins,  Hoppers,  Feeders  and  Pulverizers,  arranged  to  pulverize 
and  mix  the  coal  in  various  combinations  suitable  tor  coking. 

We  will  be  glad  to  furDish  additional  information  upon  request.      Write  us 

Jeffrey  Mfg.  Co.,  Columbus,  Ohio 
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I'OXBORO 


TRADE      MAR 


INDICATING  AND  RECORDING 
GAUGES 

FOR  ALL  PURPOSES 

ALSO 

THERMOMETERS— TEMPERATURE  CONTROLLERS 
-PYROMETERS-TACHOMETERS-FLOW  METERS 

Send  for  Bulletin  No.  A.O.  74 

THE    INDUSTRIAL    INSTRUMENT    CO. 
FOXBORO,  MASS.,  U.  S.  A. 

New  York     Chicago     St.  Louis     Birmingham,  Ala.     San  FraDcisco 


DISTRIBUTION  VALVES  and  SUPERHEATED  STEAM 

Always  the  greatest  knowledge  and  skill  are  exercised  in  Designing  an  Engine  in  order  to 
secure  the  most  Efficient  and  Economical  use  of  the  Steam.  Do  not,  therefore.  Overlook 
the  Importance  of  Frictionless,  Steam-Tight  Distribution  Valves  which  remain  Steam- 
Tight  and  Frictionless. 

To  say  the  least,  it  is  not  wise  to  use  poorly  balanced,  leaky  valves  on  an  Engine  which 
has  otherwise  had  knowledge  and  skill  applied  in  its  designing. 

Put  it  up  to  Valve  Specialists. 


AMERICAN  BALANCE  VALVE  CO.,  Jersey  Shore, 


PENNA. 
U.S.A. 


VALVE   SPECIALISTS   SINCE  1890 


^'•■■■■■■iiiBiin^^^^^^ 


R.  D.  WOOD  &  CO. 

PHILADELPHIA,  PA. 

BUILDERS  OF  Gas  Holders,  Single  and  Multiple  Lift;  Gas 
Plants;  Gas  Producer  Power  Plants;  Hydraulic  Presses  and 
Heavy  Hydraulic  Machinery;  Pumping  Engines,  Centrifugal 
Pumping  Plants;  Water  Works  Appliances;  Steel  Tanks;  Sugar 
House  Apparatus  ;  Heavy  Special  Machinery  ;  Theisen  Washers. 

MANUFACTURERS  OF  C.  I.  Pipe,  Gas  Works  Apparatus, 
Centrifugal  Pumps,  Hydraulic  Tools  of  all  description,  Hydrants 
and  Valves,  Gas  Producers. 


ENGINEERS 
IRON  FOUNDERS 
MACHINISTS 


QUICK     DELIVERIES 


"IF-^o^Kli 


Regular  and  Special 

AUBURN 

BALL    THRUST 
BEARINGS 


Steel,  Brass  and  Bronze  Balls 

AUBURN  BALL  BEARING  COMPANY, 


Write  for  Circulars  and  Prices 

20  Elizabeth  Street,  Rochester,  N.  Y. 


iiniiiiiiBiiiiiiiiiiiiiiiiiiiiiiiiiiiiBii 
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CENTRIFUGAL  PUMPING  MACHINERY 

Morris  Machine  Works 

Baldwinsville,   N.  Y. 


HENION  &  HUBBELL,  Agents 
217-221  N.  Jefferson  St.,  Chicago,  III. 

HARRIS  PUMP  &  SUPPLY  CO.,  Agents 

Pittsburgh,  Pa. 


H.  A.  PAINE,  Agent 
Houston,  Tex. 


New  York  Office, 
39-41  Cortlandt  Street 


Charlotte.  N.  C. 


THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  STREET,   NEW  YORK 

WATER  TUBE  STEAM   BOILERS 


STEAM  SUPERHEATERS 


MECHANICAL    STOKERS 


Works:  BARBERTON,  OHIO        BAYONNE,  N.J. 


BOSTON.  35  Feck-ralSt. 

PnTSBURGH.  Farmers  Deposit  Bank  BIdg. 

SALT  LAKE  CITY,  313  Atlas  Blork 

CLEVELAND.  New  England  BIdg. 

LOS  ANGELES.  American  Bank  BIdg. 


BRANCH  OFFICES 

PHILADELPHIA.  North  American  BIdg 
NEW  ORLEANS.  Sbubert  Arcade 
CHICAGO,  Marquette  BIdg. 
PORTLAND.  ORE..  Wells-Fargo  BIdg. 
SEATTLE.  Mutual  Life  BIdg. 


SAN  FRANCISCO.  99  First  Street 
DEN\'ER.  435  Seventeenth  Street 
.\TLANTA.  Candler  BlJg. 
HAVANA.  CUBA.  116i  Calle  de  la  Habana 
CINCINNATI.  Traction  BIdg. 


Green  Chain   Grate    Stokers 


For  Water  Tube  and  Tubular  Boilers 

GREEN  ENGINEERING  CO. 


Steger  Building 


Chicago,  111. 


Catalogue   "G" — Green  Chain  Grate  Stokers  for  free  burning  bituminous  coals. 
Catalogue   "L" — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue   No.  8— GECO  Pneumatic  Ash  Handling  Systems. 

Sent  on  application 


POP     SAFETY    VALVES,     RELIEF     VALVES 
PRESSURE  AND  VACUUM  GAGES 

OF  BOTH  REGISTERING  AND  RECORDING  STYLES 

All  of  a  superior  quality  and  guaranteed  to  p;ive  greatest  efficiency,  dur- 
ability and  perfect  satisfaction.  Backed  by  a  reputation  secured  in  42  years  of 
successful  business. 

Complete  Catalogue  mailed  upon  request 

THE  ASHTON  VALVE  CO. 

Estalilished  IS71 

271  Franklin  St.,  BOSTON,  MASS. 

128  Liberty  St.,  NEW  YORK  174  N.  Market  St.,  CHICAGO 
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KEELER 


S*"^      BUILT  BV      - 'r 

E.KEELER  CO. 


Keeler    Water    Tube    Boilers 


U.S. A- 


ESTABLISHED  1S64 


New  York 
Philadelphia 
Cleveland 
Dallas 


Rochester 

Pittsburgh 

Chicago 

San  Francisco 


No  feature  of  its  design  is  excelled. 
All  Wrought  Steel  Construction,  Straight 
Tubes,  Horizontal  Drum,  Vertical 
Baffle  Walls,  Rear  Casing,  perfect  equip- 
ment, accessible  and  compact.  This 
boiler  is  the  result  of  fifty  years  of 
boiler  shop  practice.  Built  in  units  75 
to  1500  Horse  Power 

Ask  lor  new  illustrated  cataloe 


IIIjIiaillllllllllllllllllllllllBIIBIIIH^^^^^      / 


i  ^^  BECO  ^^ 

I  OIL-BURNING  ENGINE 

I  Operates  on  the  Diesel  principle  with  a  guaranteed 
fuel  consumption  not  in  excess  of  7J4  gallons  of  crude 
or  refuse  oil  per  100  B.  H.  P.  hours. 

Lei  us  send  you  descriptive  matter  cover- 
ing details  of  construction  and  operation. 

HERBERT  B.  RUST,    Sales  Agent 

14-22  Peck  St.,  Providence,   R.   I. 
THE  BROWN  ENGINE  CO.,  Fitchburg,  Mass. 


il'JIlk- 
[IIIIPJ 


STANDARD  SIZES  300  to  600  B.  H.  P. 


"The  Engine  Without  a  Rival" 
FOR 

Simplicity,  Efficiency  and  Durability 


mm^mKVw 
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Only  Makers  of  "CUMBERLAND  GROUND"  Shafting 

Large  Stocks  Quick  Shipments 


I  n' 

THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 
The  most  complete  and  thorough  treatise  yet  pubhshed  on  this  subject 

2d  Edition — without  discussion   (cloth) $3.00 

3d        "      —with  "  "      3.50 

3d        "      —    "  "  (half-morocco)   4.50 

PAGES  350  FOLDERS  24 

THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

29  WEST  39lh  STREET,  NEW  YORK 
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Papers   Presented   at    Past   Meetings 

of   the   Society 


SHOP    MANAGEMENT 

No.  Title  and  Author                                                                  Price 

449     Premium  Plan  of  Paying  for  Labor,  F.  A.  Halsey $   .20 

647     Piece  Rate  System,  Fred  W.  Taylor 30 

928     Bonus  System  of  Rewarding  Labor,  H.  L.  Gantt 20 

looi     Machine  Shop  Problem,  C.  Day 20 

1002  Graphical  Daily  Balance  in  Manufacture,  H.  L.  Gantt 20 

1003  Shop  Management,  Fred  W.  Taylor   (Paper) 90 

(Cloth) 1.50 

loio  Slide  Rules  for  the  Machine  Shop,  C.  G.  Barth 20 

loi  I  Modifying  System  of  Management,  H.  L.  Gantt 10 

1012  Is  Anything  the  Matter  with  Piece  Work,   F.  Richards 20 

1 22 1  Training  Workmen,  H.  L.  Gantt 20 

1326  Expense  Burden:    Its  Nature  and   Incidents,  S.  Bunnell 20 

1377  Axioms  Concerning  Manufacturing  Costs,  Henry  R.  Towne 20 

1378  Report  of  Sub-Committee  on  Administration  of  The  American  Society  of  Mechanical 
Engineers:   The  Present  State  of  the  Art  of  Industrial  Management 70 

CONVEYORS 

403     Report  of  Committee  on  Hoisting  and  Conveying $   .10 

1235     Automatic  Feeders  for  Handling  Material  in  Bulk,  C.  K.  Baldwin 10 

1234     A  Unique  Belt  Conveyor,  E.  C.  Soper 10 

1222  Salt  Manufacture   (belt  conveyors),  Geo.  B.  Willcox 20 

1 194  Belt  Conveyors,  E.  J.  Haddock 10 

1 193     Con\eying  Machinery  in  a  Portland  Cement  Plant,  C.  J.  Tomlinson 10 

1 192     The  Belt  Conveyor,     C.  K.  Baldwin 20 

1 191     Continuous  Conveying  Machinery,  S.  B.  Peck 20 

1 190     Hoisting  and  Conveying  Machinery,  G.  E.  Titcomb 20 

1 195  Discussion  on  Papers  1194,  1193,   1192,  1191,   1190 30 

1404     Dynamic  Braking  for  Coal  and  Ore  Handling  Machinery,  C.  T.  Henderson 10 

1406     Cotton  Conveying  Systems,   H.  A.  Burnham 10 

GEARS 

1415     Gears  for  Machine  Tool   Drives,  John  Parker $   .10 

1382     The  Strength  of  Gear  Teeth,  Guido  H.  Marx 50 

1371      Investigation  of  Efficiency  of  Worm  Gearing  for  Automobile  Transmission,  Wm.   H. 

Kenerson 20 

1330     Herringbone  Gears,   P.  C.   Day 30 

r       1292a  Tooth  Gearing,  J.  D.  Steven 10 

1292b  Interchangeable  Involute  Gearing,  Wilfred  Lewis 10 

I292d  Discussion  on  Papers   1292a  and   1292b 10 

1219     Spur  Gearing  on  Heavy  Railway  Motor  Equipments,   Norman  Litchfield 20 

12 1 8     Interchangeable  Involute  Gear  Tooth  Systems,  R.  E.  Flanders- 30 

';  Majority  Report  of  Committee  on  Standards  for  Involute  Gears .10 

The  American   Society   of   Mechanical   Engineers 

I  29  West  39th  Street,  New  York 
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POWER  PLANT  EQUIPMENT 


ALMY  WATER  TUBE  BOILER  CO.  providence  r  i 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river  steamers,  Ijotli 
I>ropcller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey  Boilers  for  steamships  and  for  all 
kinds  of  stationary  work. 


Water  Tube- 
Boilers 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO.        g?^™^i^Jti^ 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  purposes.  Iron  and 
Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive  use.  I^he  American  Thompson 
Improved  Indicator  with  new  improved  detent  motion.     The  American  Ideal  Steam  Traj). 

See  pages  110,  111  of  Conihiined  Cakdogucs  of  Mcclia)iical  Equipment,  1913  Fo/»,h(c. 


Valves 

Gauges 

Indicators 


^V.     N.     BEST  11  Bboadw.vv  new  YORK  city 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid  fuel  equipment. 


Oil  and  Tar 
Burners 

Furnaces 


CHAPMAN  VALVE  MANUFACTURING  CO.  indian  orchard  mass 

Boston     New  Y'ork    St  Louis    Pittsburgh    Chicago    Philadelphia    San  Francisco 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates.    Send  for  catalogue. 
.See  page  76  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Vulume. 


Valves 


CRESCENT  MANUFACTURING  CO. 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups 


SCOTTDALE.  PA. 


Lubricators 
Grease  Cups 


EDGE  MOOR  IRON  COMPANY 


EDGE  MOOR,  DELAWARE 

Builders  of  the  Edge  Moor  Water  Tube  Boiler.  Especially  suitable  for  large  power  plants.  Steel 
construction,  straight  tubes,  all  hand  holes  elliptical,  unrestricted  circulation  which  permits  forcing 
hres   with  .safety  and   economy. 

See  page  23  o/  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Water  Tube 
Boilers 


ERIE  CITY  IRON  WORKS  erie  pa 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable,  open  bottom  port- 
able, vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City  "Lentz,"  four  valve,  enclosed  high 
speed,  automatic,  center  crank,  side  crank,  portable  and  Feed-Water  Heaters  from  25  to  600  h.p. 


Steam   Boilers 
and  Engines 

Feed-Water 
Heaters 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 


harrisburg.  pa. 


Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and  Single  Valve,  Simple,  Tandem 
and  Cross  Compound. 


Steam 
Engines 


Works:  HO.MESTEAD.  PA. 
PITTSBURG.  PA. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Manufacturers  of  "Homestead  ^'alves."    Straightway,  Three-way  and  Four-way,  for  blow-off  or  for 
highest  pressure  and  most  difficult  service  for  water,  air  or  steam.    Valves  unlike  all  others. 
See  page  82  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 
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Valves 

Steam  Traps 
Separators 
Regulators 


Magnesia 
Asbestos  and 
Urine  I'ipe 
Coverings 


Vahes 

Ulow-ofT 
Valves 

Fire  Hydrants 


Steam   Traps 


(iovernors 


Valves 

Fire  Hydrants 


Water 
Softening 

Purifying  and 

Filtering 

Systems 

Steam 
Specialties 

Feed  Hater 
Heaters 

Steam 
Separators 


Cas  Producers 


Engines 

Refrigerating 
Machinery 


THE  HUGHSON  STEAM  SPECIALTY  CO.  Chicago  lu 

ManufacliinT.s  of  Hcmilatiii!;  \'alvos  for  all  pressures  and  for  steam,  air  and  water.  The  best  and 
only  al)solulely  noiseless  Combination  Back  Pressure  and  Relief  Valve.  Pump  Regulators,  Separators, 
Steam  Traps,  Automatic  Stop  and  Cheek  Valves.     Write  for  eoniplete  catalogue 


100  N.  Moore  St.  NEW  YORK  CITY 

T  Urphonc;  6097  Frank-in 


ROBERT  A.  KEASBEY  CO. 

Heat  an<l  Cold  Insulating  Materials.     Headquarters  for  8.")%  Magnesia  Asbestos  and  Rrino  Pipe 
Coverings,   Asbestos  Products,  etc. 

See  page  138  of  Condensed  Cdtahyues  uf  Mechanical  Equipment,  1913  Volwne. 


THE  LUDLOW  VALVE  MFG.  CO.  troy,  n  y 

Manufacturers  of  genuine  Ludlow  (iate  N'ulves  for  all  purpo.ses.     Special  Blow-ofT  Valves.     Cheek 
\'alves.     Foot  Valves.     Sluice  Gates.     Indicator  Posts.     Fire  Hydrants. 

See  jKiiiis  S(),  S7  of  Condensed  Catalogues  of  Mechanical  Equijtmeiit,   1913   Volume. 


MOREHEAD   MANUFACTURING   CO.  Detroit  mich 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting  Steam  Trap  is 
the  original  design  of  liltina  trap,  having  been  on  the  market  for  a  quarter  of  a  century.  For  reliable  and 
.satisfactory  service  this  type  of  trap  recommends  itself.     Illustrated  descriptive  catalog  sent  on  request. 

See  pages   112,    113  of  Conden.sed  ('iilalof/iies  of  Mechanical  E(iitiptnenl,   1913   Volume. 


THE  PICKERING  GOVERNOR  CO. 


portl.wd.  conn 


Governors  for  Steam  Engines,  Turbines,  Gas  Engines.     Mechanical  Control  Power  Regulation. 
See  page  131  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


PRATT  &  CADY  COMPANY,  Inc. 


HARTFORD.  CONN. 


Br.vnthes    at    .Albany,    lV\i,TiMonK.    Bo.ston.    Chicago     Detroit, 
Indianapoli.s,  New  Orleans.  New  York,  Philadelphia.  PiTTSBURn, 


Manufacturers  of  Bra.ss,  Iron  and  Steel  Valves,  Fire  Hydrants,  Asbestos  Packed  Cocks. 
See  pages  96,  97  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


WM.  B.  SCAIFE  &  SONS  COMPANY 


221  First  Ave. 
26  Cortlandt  St. 


PITTSBURGH,  PA. 
NEW  YORK 


WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering  Systems  for  boiler  feed  water 
and  all  industrial  and  domestic  purposes. 


THE  SIMS  COMPANY  erie  penna 

De.signers  and  Manufacturers  of  Steam  Specialties  and  Power  Plant  Appliances:  Clo.sed  Feed  Water 
Heaters,  Open  Fe«l  Water  Heaters,  Hot  Water  Generators-Convertors,  Laundry  Heaters,  Live  Steam 
and  Water  Mixers,  E.xhaust  Heads,  Oil  E.\tractors,  Oil  Filters,  Compound  Feeders,  Garbage  and 
Rcfu.se  Burners,  Tanks. 


LEXINGTON,  OHIO 


THE  SMITH  GAS  POWER  CO. 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure  types.     Mechanically  Oper- 
ated Gas  Producers  in  large  units  for  power  and  heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants, 
See  page  22  of  Condeiixed  Catalogues  of  Mechanical  Equiptnoil,   1913   Volume. 


THE  VILTER  MFG.  CO. 


Established  1S67 


I070-I0S8  Clinton  St..  MILWAIKEE.  WIS. 


Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct-Connected  Service, 
mi'dium  or  high  speed.     Ice  and  Refrigeration  Machines. 
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WALWORTH  MANUFACTURING  CO.  boston,  mass 

INIanufacturcrs  of  high  grade  Bra??,  Iron  and  Steel  Valve.s;  Power  Plant  Piping;  Screwed  anil 
Fliaiged  Fittings;  Pipe  Fitter's  Tools;  Genuine  Stillson  Wrenches.  Parmelee  Wrenches,  Walco-Hex 
Wrciiihes. 


Vah-es 

Power  Plant 
Piping 

M'renclies 


POWER  TRANSMISSION 
HOISTING  AND  CONVEYING  MACHINERY 


CLEVELAND.  O..  U.S.  A. 

NEW  YORK  S.'VN  FRANCISCO 

PITTSBURGH  CHIC.\GO 


THE  BROWN  HOISTING  MACHINERY  CO. 

Designers  and  Manufafturera  of  all  kinds  of  Hiisting  Machinorj-.  including  Locomotiv  ■  Cranes.  Electrir  Travelers 
I-beani  Trolleys.  Crabs.  Winches,  etc..  as  well  as  heavy  Hoisting  Machinery  of  all  descriptions.  Als)  Ferroinclave  for  reinfor.-  d 
concrete  rojfing. 

See  page  201  of  Condenserl  Cntnlogues  nf  Mechniiicnl  Equipment,   191.3   Volume. 


Hoisting 
Machinery 


H.   W.   CALDWELL   &   SON   COMPANY  newvork        Chicago 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid  and  screw  conveyors,  machine 
molded  gears,  pulleys,  fly-wheels,  rope  sheaves  and  drives,  sprocket  wheels  and  chain,  buckets,  belting, 
shafting  and  bearings. 

See  page  l.S"  of  Condensed  Catalogues  of  Mechanical  Eguipnicnt,   191.3   Vejlume. 


Conveyors 

Elevators 

Power 
Transmission 


DODGE  MANUFACTURING  COMPANY 


MISHAWAICA,  IND. 


Everything  for  the  Mechanical  Transmission  of  Power,  Elevating  and  Conveying;  and  Water  Softeners. 
Write  for  "Power  Transmission  Engineering,"  the  most  complete  book  of  its  kind  published.  It  will  help 
you  in  your  specifications. 


Transnt  ission 
Machinery 

Water 
Softeners 

Rope  Drives 

Conveyors 


THE  EASTERN  MACHINERY  COMPANY 


NEW  HAVEN.  CO.NN. 


Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Elevators,  Hoisting  Machines, 
Friction  Winding  Drums,  Friction  Clutches  and  Friction  Clutch  Pulleys. 


Elevators 

Friction 
Clutches 

Pulleys 


THE  FAFNIR  BEARING  COMPANY 


NEW  BRITAIN.  CONN. 

Sales  Agents:  Tlu-  Rhincland  Machine  Works  Co.. 

140  W.  42nd  St.  New  York  City 

High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest  standards  of  accuracy  in  the  world. 

Fafnir  Ball  Bearing  Hanger  Boxes  can  be  used  in  any  standard  hanger  frame. 


Ball  Bearings 


THE    HILL   CLUTCH   COMPANY  Cleveland  ohio 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery  for  belt,  rope  or  gear  driving, 
including  the  well  known  Hill  Friction  Clutches  and  Hill  Collar  Oiling  Bearings. 

See  page  1.5(j  of  ('ondensed  Catalogues  of  Mechanical  Equipment,   1913  Yoluvie. 


Power 
Transmission 


LIDGERWOOD  MFG.  CO.  seLiBEKTrsx       newyork 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  warehouseman,  rail- 
roads, shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cableways  for  hoisting  and  conveying. 
Marine  Transfer  for  coal  and  cargo  handling. 


Hoisting 
Engines 

Cableways 

Marine 
Transfers 


PHILADELPHIA  CHICAGO 

INDIANAPOLIS 


LINK=BELT  COMPANY 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power  Transmission  Machinery. 
The  Link-Belt  Silent  Chain  Drive,  Coal  Tipples,  Coal  Washeries,  Locomotive  Cranes,  etc. 
See  page  192  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


Elevators  and 
Con  veyors 
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Cranes 


THE  MORGAN  ENGINEERING  CO.  alliance  omo 

Are  tlic  l;uji(.-t  buildor.s  of  Electric  Traveling  Crimes  in  the  world.  We  also  design  and  build  Steel 
Plants  complete,  Hammers,  Presses,  Shears,  Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special 
Machinery. 


Robins  Belt 
Conveyors 


ROBINS  CONVEYING   BELT  COMPANY  isp.n.Row     newyork 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of  conveying 
machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and  similar  materials  under  the 
most  trying  conditions  of  service.    Correspondence  invited. 

See  jHige  10.'{  of  Condentscd  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


Pulleys 

Paper  Friction 
Transmission 


192;j  English  \\k. 
INDIANAPOLIS.  IND. 


THE  ROCKWOOD  MANUFACTURING  CO. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority.  You  will  find  our  booklets 
regarding  Transmission  of  Power  by  Belts  and  Friction  Transmission  desirable  additions  to  your  engineer- 
ing library.     Furnished  free  to  members  upon  application. 


Cranes 

Mono-Rail 
Systems 


SHAW  ELECTRIC  CRANE  CO. 

.MCSKEGON 

MICH. 

Address  119  W.  40th  St., 

New  York,  (See  Manning, 

Maxwell  &  Moore,  Inc.) 

Electric  traveling  Cranes 
Rail  Systems. 

for  all  purposes.     Gantry  Cranes. 

Wharf  Cranes 

and 

Winches. 

Mono- 

Cranes 
Hoists 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 


TOLEDO.  OHIO 


Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab  Bucket  Machinery;  Electric  and 
Hand  Power  Cranes,  all  tjpes,  any  capacity;  Structural  Steel  for  Factory  Buildings. 


Elevating 

Conveying 

Power 

Transmitting 

Machinery 


(Suec  .ssirs  t    WEBSTER  .MFG  CO.)  TIFFIN.  OHIO 
E.iSTERN  Br.inch  I  SS-flO  Re.ide  St.  new  YORK 


THE  WEBSTER  MFG  COMPANY 

Manufacturers  of  Elevatuig,  Conveying  and  Power  Transmitting  Machinery  for  all  purpcses.  Over 
thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufacturing  give  us  large  advantages. 
Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power 
plants  and  buildings.     Chain  belting.     Gearing. 


Power 
Transmission 


T.  B.  WOOD'S  SONS  CO.  chambersburg,  pa. 

Modern  and  Api)roved  A))i)liances  for  the  transmission  of  Power.      Shafting,  Couplings,  Collars, 
Hangers,  Pulleys,  Belt  Tighteners,  Friction  Clutches,  Rope  Driving  Equipments. 

Sec  pages  l.")l,   l.'i.T  of  Condensed  Catalogues  of  Mechanical  Eguipnient,   1913   Volume. 


STEEL  WORKS  AND  ROLLING    MILL  EQUIPMENT 


Engines 

Rolling  Milt 
Machinery 


MACKINTOSH,  HEMPHILL  &  CO. 


of 


Engines,  single  and  compound,  Corliss  reversing  and  blowing, 
dl  kinds.     Shears,  Punches,  Saws,  Coping  Machines. 


PITTSBURGH.  PA 


Rolling  Mill  and  Hydraulic  Machinery 


Blast  Furnace 

Bloiring 

Engines 


WEIMER  MACHINE  WORKS  COMPANY  lebanon  pa 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Cinder  and  hot  metal  cars.  Furnace 
Bells  and  Hoppers.  Rolling  Mill  castings.  Special  attention  paid  to  quick  repair  work  and  work  governed 
by  Engineers'  specifications. 


39 


MACHINE   SHOP   AND    FOUNDRY    EQUIPMENT 


THE  HEALD  MACHINE  COMPANY 


WORCESTER.  MASS. 


I\I:iiuif:icturcrs   of    Grinding   Machines.       Internal    Grindeiv,    Cylinder   Grinders,   Surface   Grinders 
Drill  Grinders. 


Grinding 
Machines 


THE  KING  MACHINE  TOOL  CO. 


CINX'INNATI,  O 


Vertical   Turret   Machines,   28"   and   34".      Vertical   Boring  and   Turning   Machines,   42"   to  .S4", 
inclusive. 


Heavy  Duty 
Boring  Mills 


THE    R.    K.    LE    BLOND   MACHINE   TOOL   CO.  Cincinnati  o 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines.  They  are  scientific- 

ully  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool.  It  will  pay  you  to 
investigate  our  machines.     Catalogue  upon  request. 


Latlies 

Milling 
Mac/lines 


MUMFORD  MOLDING  MACHINE  CO. 

Squeezing  Machines,  Hand  or  Power 
Jolt  Ramming  Machines,  Pneumatic  or  Electric 


2075  Elston  Ave.  CHICAGO,  ILL. 

Split  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


See  page  216  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   \'olun 


Foundry 
Molding 
Machine 
Equipment 


WELLS    BROTHERS   COMPANY  Greenfield  mass 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting  Tools  and  Machinery. 


Taps  and  Dies 


BLOWERS,  FANS,  DRYERS,  ETC. 


P.     H.     &     F.     M.     ROOTS     CO.  CONNERSMLLE    IND 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blower.s  for  vacuum  cleaning,  for 
laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas  Exhausters.  High  Pressure 
Gas  Pumps.     Flexible  Couplings. 

Sec  pages  282,  283  of  Condensed  Catalogues  of  Mechanical  Equipvjeni,   1913  Volume. 


Blowers 

Gas 
Exhausters 

Pumps 


McCoRMicK  Bldg. 
Hudson  Termin.^l 


RUGQLES=COLES  ENGINEERING  CO. 

Dryers.     Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of  materials. 
See  page  301  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume, 


rnicAf:o 

NEW  YORK 


Dryers 


B.  F.  STURTEVANT  COMPANY  hyde  park  mass 

We  make  equipment  to  force  or  exliaust  air  under  all  conditions.  Largest  standard  line  of  "ready  to 
deliver"  Fans  in  the  world  and  special  work  done  where  necessary.  Consulting  representatives  in  or  ne.ar 
your  city. 

See  pages  48,  49  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Fans 
Blowers 
Economizers 
Engines 
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PUMPS   AND   HYDRAULIC   TURBINES 


I'liinps 
Condensers 


M.  T.  DAVIDSON  CO. 


43-53  Keap  St.  BROOKLYN'    N.  Y. 

New  York:  151  X.'«sau  Si- 
Boston:  30  0  iver  Si. 


Ilifcli  grade  ecoiiDinical  Piimi)s  for  all  sorviccs.     Surface  and  Jet  Condensers. 


}yaler  fVheets 

M'ood  I'lilp 
and  Paper 
Machinery 


HOLYOKE  MACHINE  COMPANY 


HOLYdKE.  M.^SS 
WORCESTER.  MASS 


Water  Wlieel.s  with  Conneetion.'i  and  C'limplete  Power  Transmission,  Water  Wheel  Governor?,  Gear- 
ing, Wocid  I'ulp  and  Paiier  Maehinery,  Punijis,  Hydraulie  Pres.vs.    Special  Machinery  to  order. 


Turbines 

Paper  Mill 
Machinery 


J.  &  W.  JOLLY,  Inc.  holyoke.  mass 

MeCorniiek  IlolyoUe  Turbine.-  designed  toi^uit  Mill  or  Hydro-Electric  Work.    Paper  Mill  Machinery, 
Shafting,  Gearing,  Pulleys  and  Freight  Elevators. 

See  pacjp  29S  of  Condensed  Cntalogues  of  Mtchanicat  Equijmienl,   19i;i    Vohinir. 


Vacuum 
Pumps 


LAMMERT  &  MANN 


215-221  N.  Wood  St. 


CHICAGO.  ILL. 


Engineers  and  Machinists. 

Manufacturers  of  Rotary  Vacuum  Pumps  for  highest  dry  vacuum,  Lead  Pumps,  Rotary  Blowers,  etc. 


ELECTRICAL  APPARATUS,  ENGINEERING  MISCELLANY 


Aluminum 


ALUMINUM  COMPANY  OF  AMERICA 

Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 

See  page  267  of  Condensed  Catalogues  of  Mechanienl  Equipment,   1913   Vohwte. 


PITTSIU'RCIl.  PA 


Water 

Purifying 

Machinery 


SCOTTDALE.  PA. 


ELECTRIC  WATER  STERILIZER  CO. 

Manufacturers  of  Electrical  and  Mechanical  Water  Purifying  Machinery.  Our  Electric  Water  Steri- 
lizing Machine  is  both  economical  in  consumption  of  electric  current  and  so  simple  that  any  one  of  aver- 
age intelligence  can  take  care  of  it.  Guaranteed  to  deliver  pure  water.  Capacities  of  stock  machines 
frons  -10  to  1000  gallons  per  hour. 


Bright 

Cold  Finished 

Steel  Bars 


UNION  DRAWN  STEEL  CO.  beaver  falls  pa 

Makers  of  Bright  Cold  Finished  Bessemer,  Ojien  Hearth  Crucible  and  Alloy  Steels,  in  Rounds,  Flats, 
Squares,  Hexagons  and  Special  Shapes. 

See  page  263  of  Condensed  Calalognrs  of  Meehanical  FJquipmenl,   1913   Vobnne. 


Dynamos 
Motors 
Transformers 
Instruments 


WAGNER  ELECTRIC  MANUFACTURING  COMPANY        st  lohs  mo 

Single-Phase  Motors.  Polyphase  Motors.  Transformers,  Power  and  Pole  Type.  Instruments,  a 
complete  line.  A.  C.  Generators.  Converters  for  charging  vehicle  batteries  from  A.  C.  Rectifiers  for 
charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electric)  Equipments.  Automobile  Self 
Starters  (Electric),  etc. 
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CLASSIFIED  LIST  OF  MECHANICAL  EQUIPMENT 

Manufactured    by    Firms    Represented    in    the    Journal    of    The   American 
Society    of    Meclianical    Engineers 


Acouiiiulators,    Hydraulic 

Alliance  Machine  Co. 

Mesta  Machine  Co. 

Wood  &  Co..    R.    I). 
Aerial    Tramways 

I  See   Tramways.    Wire    Ropi-) 
Air       Brakes.       Coiiii»re.ssi>rs. 
etc. 

(See  Brakes.  Coniin-essurs.  etc.. 
Air^ 
Air-Jet    Lifts 

Sohutte  &   Koertiug  Co. 
Air  Lift   PniiipiiiR-   Sy.stein.s 

Ingersoll-Iland  Co. 
Air    Ta  n lis    a ii *l    Cy I i  ii »l er s 

(Se--   liecfivers,   Airi 
Air    Waslier** 

General   Condenser   Co. 
Alternators 

( See   Generators,    Electric  i 
Am  meters.    Voltmeters 

(See  Electrical    Instruments) 
A  111  111  on  ia     Condensers,     Kit- 
tings,    etc. 

(See  Condensers.  Fittings,  etc.. 
Ammonia  ) 
An^'^il    Blocks 

Hooven.  Owens.  lientschler  Co. 
Arc    Lamps 

(  See  Lamps,  Arci 
Arches,    In^itiou    (Flat    Sus- 
pended) 

(Jreen   Engineering  Co. 
Asli  Handling  Systems, 

Pneumatic 

(Jreen   Engineering  Co. 
Ausrers.    Power    Coal 

Fairmont     Mining     Machinery 
Co. 


Balanced   Main    Valves 

I  See   Valves,    Balanced   Distri- 
bution) 
Barometers 

Tagliabue  Mfg.  Co..  C.   J. 
Ball    Bearing's 

(  Si^e    Bearings.    Balli 
Balls.    Brass    and    Bronxe 

Auburn  Ball  Bearing  Co. 
Balls.    Steel 

Auburn  Ball  Bearing  Co. 
Barrels,   Tumbling 

Itoyersfurd  Foundry  &  Machine 
Co. 
Bearing^s,    Ball 

Auburn  Ball  Biaring  Co. 
Bearings,    Roller 

lioyiu-sford  Foundry  &  Machine 
Co. 
Bearings,    Self-Oiling 

Brown  Co.,  A.  &  F. 

Doehlrr  r>i''-Casting  Co. 

Falls  Clutch  &  Machinery  Co. 

Franklin  Manufacturing  Co. 

Jeffrey  Manufacturing  Co. 
Bearings,    Tlirust 

Auburn  Ball  Bearing  Co. 
Belt    Dressing 

Schieren  Co..  Chas.  A. 
Belt    Lacing 

Schieren  Co..  Chas.  A. 

Williams  &   Sons.   I.   B. 
Belt    Lacing.    Steel 

Bristol   C<». 
Belt    Tighteners 

Brown  Co.,  A.  &  F. 
Belting-,    Chain 

(See  Chains  and  Chain  Links) 
Belting.    Conveyor 

Goodrich  Co..   B.  F. 
Belting,    Rnhher 

Goodrich  Co..   B.  F. 
Belting.    Leather 

Schieren  Co..  Chas.  A. 

Williams  &  Sons.   L  B. 
Belting.    Textile 

Goodrich  Co..   i:    F. 

Bending         Machines.         Hy- 
draulic 

Wood  c^-  Co..    K.   I). 

Blocks.   Tackle 

Clvde  Iron  Works 
Hunt  Co..  Inc..  C.  W. 
Koebling's   Sons  Co..   John   A. 


BloTvers.    Centrifugal 

De  Laval  Steam  Turbine  Co. 

Blowers.    Fan 

<;reen  Fu<'l  Economizer  Co. 

BloTvers.    Rotary 

Scluitte  L^  Koerting  Co. 

Blowers.    Soot 

Simonds  L^  Co..   G.  L. 

Blo«ers,    Steam 

Schutte  &  Koerting  Co. 

Boiler  Coverings,  Furnaces, 
Tube   Cleaners,  Tubes,   etc. 

I  Sim'  Coverings.  [''urnaies. 
Tub.'  Cb'anei-s.  Tubes,  etc.. 
Boiler  I 

Boilers,    Heating 

Smith  Co..  H.  B. 

Boilers,    Locomotive 

Clyde   Iron   Works 

Boilers.    Marine 

Babcock  ^:   Wil((.x   Co. 

Keeler  Co..    E. 
Boilers,    Tubular 

Clyde   Iron   Works 

Keeler  Co..    E. 
Boilers,    W^ater    Tube 

Babcock  &  Wih ox  Co. 

Heine  Safety   Boiler  Co. 

Keeler  Co..  "E. 
Boring      ami      Drilling      Ma- 
chines 

Manning.     Maxwell     ^:     Moorp. 
Inc. 
Brass-Working'    Machine 
Tools 

(See  Tools.  Brass-working  Ma- 
chine) 
Buckets.    Elevator 

Jeffrey  ilanufacturing  Co. 
Buckets,    Grab 

Clvde  Iron   Works. 

Hunt  Co..   Inc..  C.  W. 

Jeffrey  Manufacturing  Co. 

Orton  &  Steinbrenner  Co. 
Buckets.    Self-Dnmping 

Clvde  Iron  Works. 

Hunt  Co..   Inc..  C.   W. 

Orton  &  Steinbrenner  Co. 
Bulldozers 

Wood  &  Co..   R.   D. 
Bnrners,    Oil 

Lunkenheimer  Co. 

Schutte  &  Koerting  Co. 


Cable,    AVire 

(See  Rope.  Wirei 
Cable    Railways 

I  S.'.'    Railways.  Cable) 
Cables  ays.    Wire 

I  Si'i-   Tramways.    Wire    Rope) 
Cables.    Electrical 

(Sec    Wire    and    Cables.    Elec- 
trical I 
Cam   Cutting-  Machines. 

Garvin  Machine  Co. 
Car    Hauls,    Cable 

Fairmont     Mining     Machinery 
Co. 
Carriers       a  n  il       Elevators, 
Freight.    Continuous 

Jeffrey  Manufacturing  Co. 

Mathews  (iravity   Carrier  Co. 
Cars.    Dump 

Hunt  Co..   Inc..  C.  W. 

Jeffrey   Mfg.   Co. 
Cars,    Industrial    Raili^'ay 

Hunt   Co..    Inc..   C.    W. 
Cars,    Motor 

Hunt  Co..    Inc..   C.    W. 
Castings,    Die-Molded 

Doehler  Die-Casting  Co. 

Franklin  Manufacturing  Co. 

Veeder  Mfg.  Co. 
Castings.    Iron 

Brown   Co..   A.   &   F. 

Builders   Iron   Foundry. 

Falls  Clutch   &   Machinery  Co. 

Hooven.  Owens.   Rentschler  Co. 

Rov'^rsford  Foundrv  &  Machine 
Co. 

Wheeler     Condenser    &     Engi- 
neering Co. 

Wood  &  Co..   R.   D. 

Castings.    Semi-Steel 

Builders    Iron    Foundry 


Hooven,  Owens,  Rentschler  Co. 
Wood  &  Co..    R.   I). 

Castings,    Steel 

Mesta    Machine  Co. 

Cement,    Belt 

Schieren  Co.,  Chas.   .\. 

Centrifugal    Ai»|»jiratus 

III.'   Laval    Steam   Turbine  Co. 

Centrifugal    l*uiiii>s 

(See  Pumps.   Centrifugal) 

<'hain    Grate    Stokers 

(See  Stokers,  Ctiain  Grate  I 

Chains    and    C lia i n    Links 

Ji'ft'ri'y  Manufacturing  Co. 

Clia  nil  cling    3Iachiiies,    Mine 
and    Quarry 

Ingersull-Raud   Co. 

Charging       Machines.       Fur- 
nace 

.\lliance  Machine  Co. 

Chimneys,    Steel 

(See  Stacks,   Steel) 
Chucking    Machines 

(.arvin  JIachine  Co. 

Jones  &  Lamsou  Machine  Co. 
Chutes 

Hunt  Co..  Inc.,  C.  W. 

Jeffrey   Mfg.   Co. 
Clintes.    Gravity    Spiral 

Mathews  Gravity  Carrn  r  Co. 
Circulators.    Feed    Water 

Schutte  ^:  Koerting  Co. 
Circulators.    Steam    Heating 

Seliuttc  &   Koerting  Co. 
Clamps,    Pipe- Joint 

Yarna  11- Waring    Co. 
Clamps.    Wire    Rope 

I  See    Wire    Rope   i''astenings) 
Clutch    Leathers 

(  See    Leathers,   Automobile) 
Clutches.    Friction 

Brown   Co.,   A.   &   F. 

Falls  Clutch   &  Maehinerv   Co. 

Jeffrey   Mfg.   Co. 

Moore   &  White  Co. 
Coal  and  Ash  Handling  Ma- 
chinery 

Green    Engineering   Co. 

Hunt   Co.,    Inc..   C.   W. 

Jeffr.'y   Mfg.   Co. 
Coal    Crushers 

Hunt   Co..    Inc..   C.   W. 

Jeffrey   Mfg.  Co. 

Orton  &  Steinbrenner  Co. 
Coal    Mine    Equipments    and 
Supplies 

Fairmont     Mining     Machinery 
Co. 

Jeffrey  Mfg.  Co. 
Coal    Mining   Machinery 

Ingersoll-Rand   Co. 

Jeffrey  Mfg.   Co. 
Coaling     Stations,     Locomo- 
tive 

Hunt  Co.,   Inc..   C.  W. 

Jeffrey   Mfg.   Co. 
Cocks.    Air    and    Gage 

.\.shton   Valve  Co. 

Jenkins    Bros. 

Lunkenheimer   Co. 
Cocks,         Three-vray        and 
Four-way 

Lunkenheimer    Co. 
Coils.    Pipe 

National   Vipf   Bending  Co. 
Coke    Oven    Machinery 

Alliance   Machine  Co. 
Cold    Storage    Plants 

I)e    La    Vergne   Machine   Co. 

Combustion    Recorders 

Simonds    &    Co..    G.    L. 

Comi»ressors,    Air 

Oevine   Co.,   J.   P. 

<TOulds   Manufacturing   Co. 

Hooven,  Owens,  Rentschler  Co. 

IngersolI-Rand  Co. 

Mesta  Machine  Co. 

Xordberg  Mfg.  Co. 

Compressors,     Air,     Centrif- 
ugal 

De  Laval  Steam  Turbine  Co. 
Compressors,  Compound 

Air 

Ingersoll-Rand    Co. 
Xordberg  Mfg.  Co. 


Compressors.    Gas 

Hooven.  Owens.  Rentschler  Co. 
Ingersoll-Rand  Co. 
Mesta  Mil  chine  Co. 
Xordberg  Mfg.  C.>. 

Condensation  l*umps  ^vith 
Automatic    Receivers 

( See       Pumps.       Condensation, 
with   Automatic  Receivers) 

Condensers 

Devine  Co..  J.  P. 
Xordberg  Mfg.  Co. 

Condensers.    Ammonia 

De  La  Vergne  AMachine  Co. 

Condensers,    Barometric 

Mesta  Macliine  Co. 
WTieeler     Condenser     &     Engi- 
neering Co. 
Wheeler  Mfg.  Co..  C.  H. 

Condensers.    Jet 

(General  Condenser  Co. 
Schutte  &  Koerting  Co. 
Wheeler    Condenser     »&     Engi- 
neering Co. 
Wheeler  Mfg.  Co..  C.  II. 

Condensers,    Surface 

General  Condenser  Co. 
Wheeler    Condenser    &     Engi- 
neering  Co. 
Wheeler  Mfg.  Co..  C.  II. 

Controllers,  Automatic,  for 
Temperature  or  for  Pres- 
.sure 

(See  Regulators  I 

Controllers,    Electric 

General  Electric  Co. 

Converters,    Synchronous 

General   Electric  Co. 
Conveying    Machinery 

Hunt  Co.   Inc.,   C.   W. 

Jeffrey   Mfg.   Co. 

Mathews  Gravity  Carrier  Co. 

Conveyors,    Belt 

Jeffrey  Manufacturing  Co. 

Conveyors,  Bucket,  Pan  or 
Apron 

Hunt  Co..   Inc..  C.  W. 
Jeffrey  Manufacturing  Co. 

Conveyors,    Gravity 

Mathews  Gravity  Carrier  Co. 

Conveyors,     Gravity     Roller 

Mathews  (iravity  Carrier  Co. 

Conveyors,    ScreTV 

Jeffrey  Manufacturing  Co. 

Cooling    Ponds,    Spray 

Sihutte  ^^  Koerting  Co. 
Cooling    Toivers 

Wheeler     Condenser    &     Engi- 
neerinii  Co. 

Wheeler  Mfg.  Co.,  C.  II. 
Copper,    DraTvn 

Roebling"s  Sons  Co..   John   A. 
Copper    Wire    and    Cables 

(See   Wires  and   Cables,    Elec- 
trical i 
Copper   Concerting   Machin- 
ery 

Alliance   Machine  Co. 
Corliss    Engines 

(See  Engines,  Corliss) 
Counters.    Re%'olution 

Asht(jn  Valve  Co. 

Bristol  Co. 

Veeder  Mfg.  Co. 
Counter. shafts         and         Belt 
Shifters 

Builders   Iron   Fonndry 
Counting      Machines,     Auto- 
matic 

Veeder  Manufacturing  Co. 
Couplings.    Flexible 

Falls  Clutch  &  Machinery  Co. 

Hooven.  Owens.  Rentschler  Co. 
Couplings.    Pipe 

Lunkenhi'imer  Co. 
Couplings,    Shaft 

Brown  Co..  A.  &  F. 

Gnmberland  Steel  Co. 

Falls  Clutch  &  Machinery  Co. 

Jeffrey  Mfg.  Co. 

Moore  &  White  Co. 

Royersford     Foundry     &     Ma- 
chine Co. 
Couplings,    Union 

(.See   Unions i 
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Cranes.   Electric  Travelling 

AlliaDCf  Machine  Co. 
Box  &  Co.,  Alfred 
Manning,     Maxwell    &    Mnore, 
Inc. 

Cranes,    Gantry 

Alliance  Machine  Co. 
Orton  &  Steinbrcnner  Co. 
Manning  Maxwell &.Moore,lDC. 

CraneM,   Hand    Power 

Box  &  Co.,  Alfred 
Clyde  Iron  Works 

Cranes,   Hydranllc 

-Mlianie  .Machine  Co. 
Wood  &  Co..  It.  D. 

Cranes,    Jib 

.Mliance  Machine  Co. 
Box  i:  Co..  Alfred 
Wood  &  Co.,   K.   D. 

Cranes,   Locomotive 

Orton  &  Steinbrenner  Co. 

Cranes,   Pillar 

Orton  &  Steinbrenner  Co. 

Cranes,   Portnlile 

Clyde   Iron    Works 

Crnshers,    Roll 

Jeffrey  ilanufacturing  Co. 
Orton'  &  Steinbrenner  Co. 

CrnsliinK  and  Grinding  Ma- 
eUinery 

l-'ulton    Iron    Works 
Jeffrey  Mfg.  Co. 

Cotters,  Pipe  and  Tnbe 

Lagonda   Manufacturing  Co. 


Damper  Regrnlators 

(See    Kegulators.    Damper) 

Derricks    and    Derrick    Fit- 
tings 

Clyde    Iron    Works 

Destrnctors,   Refnse 

Power    Specialty   Co. 

Die    Castings 

I  See  Castings.  Die) 

Dies.      SeretT      and      Tliread 
Cntting 

Jones  &   Lamson  Machine  Co. 

Dies,    Self-openlns 

Jones  &  Lamson  Machine  Co. 
DiBCsters,  Pnlp 

Hooven,  Owens,  Rentschler  Co. 
Discs,    Steel 

Auburn   Ball   Bearing  Co. 
Discs,   Valve 

(See  Valve   Discs) 
Draft,   Mechanical 

(See     Mechanical     Draft     Ap- 
paratus) 
Dredges,    Hydranlic 

-Morris  Machine  Works 
Drilling;   Macbines,   Klectric 

Fortuna  Machine  Co. 
Drillint;   Macbines,    Hand 

l-'ortuna   Machine  Co. 

DrillinB  Machines,  Mnltiple 
S]»in<lle 

(larvin  .Maciuue  Co. 
Drilling-      .Machines,      Pnen- 
nint  ic 

IngersolM.and   Co. 

Drilling  Machines,  Portable 

Fortuna    .Machine    Co. 

DrilUne    Machines.    Rock 

Ingersoll-Uand  (7o. 
Drilling:   Machines.  Vertical 

(Jarviii   Machine  Co. 
Drop      Forgings,     Hammers, 
Presses,   etc. 

(See        Forgings,        Hammers, 
Presses,  etc..  Drop) 
Dryers,   Rotary 

Devine  Co..  J.  P. 
Dryers,    Vacuum 

Devine  Co.,  J.   P. 
Drying   Apparatus 

Devine  (5o..  J.  P. 

Green   Fuel   Economizer  Co. 


Economizers,   Fnel 

Creen   Fuel   Economizer  Co. 

Ejectors 

Lunkenheimer  Co. 

Manning,    Maxwell    &    Moore, 

Inc. 
Schutte  &  Koerting  Co. 

Electric  Generators,  HolTts, 
Trucks,    Weldinc,    etc. 

(See         Cenerators.  Hoists. 

Trucks,   Welding,   etc..    Elec- 
tric) 


Electrical    Instruments 

Bristol  Co. 

Brown   Instrument  Co. 
Ijenerai   Electric  Co. 
Weston   Electrical   Instrument 
Co. 

Electrical   Machinery 

(Jeneral    Electric   Co. 

Elevating     and     Conveying 
-Machinery 

Hunt  Co..    Inc..   C.   W. 
Jeffrey  Mauufacturnig  Co. 
Mathews  (iravity  Carrier  Co. 

Elevators,   inclined 

(See    Carriers    and    Elevators, 
Freight.   Continuous) 

Emery   Wheel   Dressers 

Builders    Iron   Foundry 

Engine   Stops 

Nordberg  Manufacturing  Co. 
Schutte  &  Koerting  Co. 
Engines,   Automatic 

Ball   Engine  Co. 
(-ireen  Fuel  Economizer  Co. 
Engines,    Blowing 

Hooven.  Owens,  Itentschler  Co. 
Mesta  .Machine  Co. 
Nordberg  Mfg.  Co. 
Engines,   Corliss 

Ball  Engine  Co. 

Brown    Engine   Co. 

Fulton  Iron  Works 

Hooven.  Owens,  Rentschler  Co. 

Mesta  .Machine  Co. 

Nordberg  Mfg.  Co. 

Providence  Engineering  vVorks 

Engines,    Gas 

De  La  Vergne  Machine  Co. 

Hooven,  Owens,  Rentschler  Co. 

Mesta  Machine  Co. 

National  Meter  Co. 
Engines,   High   Speed 

Ball  Engine  Co. 

Fulton   Iron  Works 

Nordberg  .Mfg.  Co. 
Engines,   Hoisting 

Clyde  Iron  Works 

Hunt  Co..   Inc..   C.   W. 

Mesta  Machine  Co. 

Morris  Machine  Works 

Nordberg  Mfg.  Co. 

Orton  &  Steinbrenner  Co. 

Engines,    Oil 

Brown    Engine  Co. 

De  La  Vergne  Machine  Co. 

Fulton  Iron  Works 

Nordberg  Mfg.  Co. 
Engines,    Poppet    Valve,    for 
Superheated    Steam 

Nordberg  Manufacturing  Co. 
Engines,    Pumping 

Hooven,  Owens,  Rentschler  Co. 

Mesta  Machine  Co. 

Morris  Machine  Works 

Wood  &  Co.,  R.  D. 
Engines,    Steam 

Ball   Engine  Co. 

Brown  Engine  Co. 

Clyde  Iron  Works 

Fulton  Iron  Works 

Green  Fuel  Economizer  Co. 

Hooven,  Owens,  Rentschler  Co. 

Mesta  Machine  Co. 

Morris  Machine  Works 

Nordberg  Mfg.  Co. 

Providence  F:ngineering  Works 

Wheeler     Condenser     &    Engi- 
neering  Co. 
Engines,    Uniilow 

Nordberg  Manufacturing  Co. 
Excavating   Machinery 

Clyde   Iron  Works 

Orton  &  Steinbrenner  Co. 

Exhausters,   Gas 

(Jreen   Fuel   Economizer   Co. 
Schutte  &  Koerting  Co. 
Expansion    Joints 

(See  Joints,  Expansion) 

Extracting   Apparatus 

Devine  Co.,  J.  P. 


Fans,   Electric 

Green  Fuel  Economizer  Co. 
Fans,    Exhaust    and    Venti- 
lating 

Green  Fuel  Economizer  Co. 
Jeffrey  Mfg.  Co. 
Feed        AVater        Circulators, 
Heaters.    Heaters  and  Puri- 
ll«T.s.     RegnlatoTH.    etc. 
(See       Circulators.       Heaters. 
Heaters   and   Purifiers.    Reg- 
ulators,  etc..   Feed   Water) 

Filters.    .\ir 

(Jeneral  Condenser  Co. 
Fire   Tube   Boilers 

(See  Boilers.  Tubular) 


Fire   Hydrants 

(See  Hydrants,  Fire) 

Fittings,   Ammonia 

De  La  Vergne  Machine  Co, 
Fittings,   Flanged 

Builders  Iron  Foundry 
Luukeuheimer  Co. 
Nels(»n  N'alve  Co. 
Wood  &  Co.,  R.  D. 

Fittings,   Hydraulic 

Wood  iL  Co.,  R.  D. 

Fittings,    Pipe 

Luukeuheimer  Co. 
Fittings,    Steel 

Luukeuheimer  Co. 

Nelson  Valve  Co. 
Flanges 

Lunkeaheimer  Co. 
Floor   Stands 

Davis  Regulator  Co.,  <_;.  M. 

Lunkenheimer  Co. 

Nelson  Valve  Co. 

Schutte  &  Koerting  Co. 
Forges 

Ingersoll-Raud   Co. 
Forging   Presses 

(See  Pre.sses,  Forging) 
Friction    Clutches 

(See  Clutches,    Friction) 
Frogs    and    S^vitcbes 

Rail  Joint  Co. 
Fuel   Economizers 

(See  Economizers,  Fuel) 

Furnaces,   Boiler 

-American  Engineering  Co. 
Babcock  &  Wilcox  Co. 
Green  Engineering  Co. 
Murphy  Iron   Works 
Furnaces,    Oil 

Ingersoll-Rand  Co. 

Furnaces,   Smokeless 

.\merican  Engineering  Co. 
Babcock  &  Wilcox  Co. 
Green  Engineering  Co. 
Murphy   Iron  Works 


Gage   Boards 

.\shton  Valve  Co. 
Gage    Testers 

-ishton  Valve  Co. 
Gages,   Ammonia 

.\sbtou  Valve  Co. 
Gages,  Differential  Pressure 

Bristol  Co. 

Builders  Iron  Foundry 

Industrial  Instrument  Co. 

Gages,  Draft 

.\shton  Valve  Co. 

Bristol  Co. 

Brown  Instrument  Co. 

Industrial   Instrument  Co. 

Simonds  &  Co.,  G.  L. 

Tagliabue  Mfg.  Co.,  C.  J. 
Gages,  Hydraulic 

.Vshton  Valve  Co. 
Gages,   Pressure 

-A.shton  Valve  Co. 

Bristol  Co. 

Brown  Instrument  Co. 

Goulds  Manufacturing  Co. 

Industrial  Instrument  Co. 

Manning.    Maxwell    &    Moore. 
Inc. 
Gages,  Vacuum 

.Ashton  Valve  Co. 

Bristol  Co. 

Brown  Instrument  Co. 

Industrial  Instrument  Co. 

Tagliabue  Mfg.  Co.,  C.  J. 
Gages,  "W^ater 

-\shton  Valve  Co. 

Jenkins  Bros. 

Lunkenheimer  Co. 
Gages,  AVater  Ijcvel 

Bristol  Co. 

Industrial   Instrument  Co. 
Gas   Analysis   Instruments 

Simonds  &  Co..  G.   L. 
Gas     Burners,     Compressors. 
Engines.     Exhausters, 
Holders,    Producers,    etc. 

( See      Burners.      Compressors. 
Engines.    Exhausters,    Hold- 
ers, Producers,  etc..  Gas) 
Gas    Cleaning    Plants 

Wood  &  Co..  R.  D. 
Gns  Plant  Machinery 

Wood  &  Co.,  R.  D. 
Gaskets 

Goodrich  Co.,  B.  F. 

Jenkins  Bros. 

Power  Specialty  Co. 
Gates,    Cut-off 

Hunt  Co..   Inc..   C.   W. 
Gates,    Sluice 

Wood  &  Co.,  R.  D. 


Gear   Shapers 

Fellows  Gear  Sbaper  Co. 

Gears,   Cut 

Brown  Co..  A.  &  F. 
Fellows  (Jear  Shaper  Co. 
Garvin  Machine  Co. 
.lames   Mfg.   Co.,    D.   O. 
Jeffrey  Mfg.  Co. 
Mesta  Machine  Co. 
New  Process  Gear  Corp. 

Gears.   Fibre 

New  Process  Gear  Corp. 
Gears,  Machine  Molded 

Brown  Co..  A.  &  F. 

Mesta  Machine  Co. 
Gears,    Rawhide 

New  Process  (iear  Corp. 
Gears,  Speed  Reduction 

l»e  Laval  Steam  Turbine  Co. 

James  -Mfg.  Co.,  D.  O. 
Gears,   \%'orm 

James  Mfg.  Co.,  D.  O. 
Generating   Sets 

General  Electric  Co. 
Generators,   Electric 

General  Electric  Co. 
Glass  Machinery.  Plate 

Hooven,  Owens.  Rentschler  Co. 

Mesta  Machine  Co. 
Governors,  Pump 

Davis  Regulator  Co..  G.  M. 

Grease 

Royersford     Foundry     &     Ma- 
i  chine  Co. 

Texas  Co. 
Grease   Cups 

(See  Oil  and  Grease  Cups) 
Grease  Extractors 

(See  Separators.  Oil) 
Grinders 

Brown  Co.,   A.  &   F. 
Grinding    or   Polishing    Ma- 
cbines 
Builders  Iron  Foundry 
Garvin  Machine  Co. 
Royersford     Foundry     &     Ma- 
chine Co. 
Grinding     Machines,      Port- 
able,  Pneumatic 
Ingersoll-Rand  Co. 


Hammers.  Drop 

Alliance  Machine  Co. 
Hammers,   Pneumatic 

Ingersoll-Rand  Co. 
Hammers,    Steam 

.\lliance  Machine  Co. 
Hangers,  Shaft 

Brown  Co.,  A.  &  F. 

Falls  Clutch  &  Machinery  Co. 

Jeffrey  Mfg.  Co. 

Royersford     Foundry     &     Ma- 
chine Co. 
Heaters,       Feed       Water 
(Closed) 

National  Pipe  Bending  Co. 

Schutte  &  Koerting  Co. 

Wheeler    Condenser    &     Engi- 
neering Co. 

Wheeler  Mfg.  Co.,  C.  H. 
Heaters,  Metering 

Harrison   Safety   Boiler  Works 

Heaters  and  Purifiers,  Feed 
\%^ater 

Harrison   Safety  Boiler  Works 

National  Pipe   Bending  Co. 
Heating      and       Ventilating 
Apparatus 

Green  Fuel  Economizer  Co. 

Smith   Co..    II.    B. 
Hoisting       and       Conveying 
Machinery 

Box  &  Co.,  .\lfred 

Clyde  Iron  Works 

Hunt  Co..   Inc..  C.   W. 

Jeffrey   Mfg.   Co. 

Orton  &  Steinbrenner  Co. 
Hoisting   Engines 

(See  Engines,  Hoisting) 

Hoists,  Belt 

Clyde   Iron  Works 

Hoists,    Electric 

.\lliance  Machine  Co, 
Box  &  Co..  Alfred 
Clvde  Iron  Works 
Hunt  Co..    Inc..   C.  W. 
Orton  &  Steinbrenner  Co. 
Hoists.    Hand 

Clyde   Iron  Works 

Hoists,   Pneumatic 

Ingersoll-Rand  Co. 

Hoists,   Skip 

Hunt  Co..  Inc..  C.  W. 

Holders,  Gas 

Wood  &  Co..   R.  D. 
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Hose,   Air 

Goodrich  Co.,  B.  F. 
Iiigersoll-IIand  Co. 
Hose,    Linen 

Goodrich  Co.,  B.  F. 

Hose.    Oil 

(Hiodrich  Co..  B.  F. 
Hose.    Rubber 

Goodrich  Co..  B.  F. 

Hose,    Steam 

Goodrich  Co..  B.  F. 

IngersoII-Raud  Co. 
Hose,    Suction 

Goodrich  Co..  B.  F. 
Hose      Attachments      (Coup- 
ling;s.         Bands,         Holders, 
Clamps,  etc.) 

Goodrich  Co.,  B.  F. 

IngersoU-Kand  Co. 
Hydrants,   Fire 

Wood  &:  Co..  U.  D. 
Hydraulic        Jacks,        Rams. 
Presses,  Turbines,   etc. 

( St.'e     Jacks,     Kams.     Presses. 
Turbines,  etc.  Hydraulic) 
Hydraulic    Machinery 

Alliaiuo  Machine  Co. 

Wood  &  Co..  It.  D. 
HydroUineters 

Schutte  &  Koerting  Co. 
Hydrometers 

Tagliabue  Mfg.  Co.,  C.  J. 
Hygrometers 

lirowu  lustrumeut  Co. 

Tagliabue  Mfg.  Co.,  C.  J. 


I-Beam    Trolleys 

(See  Trolleys,  I-Beam) 
Ice    and    Refrigeration    Ma- 
chinery 

De  La  Vergne  Machine  Co. 
Impregnating    Apparatus 

I»eviue  Co.,  J.  P. 
Incandescent   Lamps 

(See  Lamps.  Incandescent) 
Indicator    Posts 

Wood   ^:  Co.,   K.   D. 
Indicators,    Kngine 

Manning.    Maxwell    &    Moore. 
Inc. 
Indicators,    Smoke 

Sintonds  &  Co.,   G.  L. 
Indicators,    Speed 

Brown   Instrument  Co. 
Veeder  Manufacturing  Co. 
Weston    Electrical    Instrument 

Co. 

Industrial    RailT\ay    Equip- 
ment 

Hunt  Co.,  Inc..  C.  W. 
Injectors 

Manning.    Maxwell    &    Moore. 

Inc. 
Lunkenheimer  Co. 
Schutte  &  Koerting  Co. 


Jigs    and    Fixtures 

Cowdrey  ilai.hine  Works.  C.  H. 
Joints,    Expansion 

Lunkenheimer  Co. 

Power  Specialty  Co. 

Wheeler    Condenser     &     Engi- 
neering Co. 

Wheeler  Mfg.  Co.,  C.  H. 
Joints.    Rail 

Hail  Joint  Co. 
Jolt  Ramming  Machines 

(.See   Kammers.    Foundry  i 


Lamps.      Incandescent      and 
Arc 

<.ieneral  Electric  Co. 
Land-Clearing  Machinery 

Clyde  Iron  Works 
Lathes 

Garvin  Machine  Co. 

Jones  &  Lamson  Machine  Co. 

Manning,    Maxwell    &    Moore. 
Inc. 

Warner  &  Swasey  Co. 
Lathes,   Automatic 

Jones  &  Lamson  Machine  Co. 
Lathes,    Brass 

(iarvin  Machine  Co. 

Warner  &   Swasey  Co. 
Lathes,    Chucking 

Jones  iV  Lamson  Machine  Co. 
Lathes,    Turret 

Garvin  Machine  Co. 

Jones  &  Lamson  Machine  Co. 

Warner  &  Swasey  Co. 

Leather     Belting,     Packing, 
etc. 

( See     Belting,     Packing,     etc., 
Leather) 


Leathers,    Automobile 

Schieren  Co..  Chas.  A. 
Leathers,    Pump 

Schieren  Co..  Chas.  A. 

Williams  &  Sous,  I.  B. 
Lightning    Arresters 

General    Electric   Co. 
Loaders,   Box   Car 

Fairmont     Mining     Machinery 
Co. 
Locomotives,         Compressed 
Air 

IngersolMland  Co. 
Locomotive,    Electric 

Hunt  Co..   Inc..  C.  W. 

Jeffrey    Mfg.   Co. 
Logging   Machinery 

Clyde  Iron   Works 
Lubricants 

Koyersford      Foundry     &     Ma- 
chine Co. 

Texas  Co. 
Lubricators 

Lunkenheimer  Co. 
Lubricators,   Force-Feed 

Lunkenheimer  Co. 
Lubricators,    Hydrostatic 

Lunkenheimer  Co. 


Machinery  Dealers 

Garvin  Machine  Co. 

Manning,    Maxwell    &    Moore, 
Inc. 
Machinists  and  Engineers 

Brown  Co.,  A.  &  F. 

Builders    Iron    Fu\mdry 

Cowdrev  Machine  Works,  C.  H. 

Wood  &  Co.,   K.  D. 
Mechanical  Draft  Apparatus 

Green  Fuel  Economizer  Co. 
3Iechanical    Stokers 

(See  Stokers) 
Metal   Work,  Plate 

Heine  Safety  Boiler  Co. 

Keeler  Co.,  E. 

Wood  &  Co..   li.  D. 
Meters,   Air,   Steam   and   Gas 

Builders  Iron  Foundry 

General  Electric  Co. 
Meters,  Electric 

Bristol    Co. 

Brown    Instrument  Co. 

(ieneral  Electric  Co. 
3Ieters.    V-Notch 

Harrison   Safety  Boiler  Works 

Varnall-Waring  Co. 
Meters,  Venturi 

Builders  Iron  Foundry 

National  Meter  Co. 
Meters,  Water 

Builders  Iron  Foundry 

Harrison   Safety   Boiler  Works 

National  Meter  Co. 

Yarna  11- Waring   Co. 
Milling   Attachments 

Garvin  Machine  Co. 
Milling   Machines,    Hand 

Garvin  Machine  C<>. 
Milling    Mncliines,    Horizon- 
tal 

Garvin   Machine   Co. 
Milling    Machines,    Plain 

Garvin  Machine  Co. 

Warner  &  Swasey  Co. 
Milling  Machines,  Universal 

Garvin  Machine  Co. 
Milling   Machines,   Vertical 

Garvin  Machine  Co. 
Mills.     Blooming    and     Slab- 
bing 

Mesta  Machine  Co. 
Mills.   Sheet   and   Plate 

Mesta  Machine  Co. 
31ills.    Structural,    Rail    and 
Bar 

Mesta  Machine  Co. 
Mills.   Sugar  Cane 

Fulton    Iron    Works 

Mesta  Machine  Co. 
Monorail  Systems 

(See  Tramrail   Systems,   Over- 
head) 
Motors.    Compressed    Air 

Ingersoll-Rand   Co. 

Motors.    Electric 

General  Electric  Co. 


Nozzles,   Blast 

Schutte  &  Koerting  Co. 

Nozzles,  Sand  and  Air 

Ingersoll-Kand  Co. 
Lunkenlieimer  Co. 

Nozzles,    Spray 

Schutte  &  Koerting  Co. 


Odometers 

\'eeder  Manufacturing  Co. 
Oils 

Texas  Co. 

Oil    Burning    Systems 

Schutte  &.  Koerting  Co. 

Oil    Testing   Instruments 

Tagliabue  Mfg.  Co..  C.  J. 

Oil    Tanks 

Lunkenheimer    Co. 

Oil    and   Grease   Cups 

Lunkenheimer    Cn. 

Oiling   Devices 

Lunkenheimer    Co. 

Oiling    Systems 

Lunkenheimer    Co. 

Oil  Burners.  Engines.  Fil- 
ters, Pumps,  Separators, 
etc. 

(See  Burners,  Engines,  Filters, 
Pumps.   Separators,  etc.,  Oil( 

Ore    Handling    Machinery 

Hunt  Co..  Inc..  C.  W. 
Jeffrey   Mfg.   Co. 


Packing,  Hydraulic 

Goodrich   Co..    B.    F. 
Power  Specialty  Co. 
Schieren  Co.,  Chas.  A. 
Williams  &  Sons,  I.  B. 

Packing,    Leather 

Schieren  Co..   Chas.   A. 
Williams  &  Sons,  1.  B. 

Packing,  Metallic 

Power  Specialty  Co. 
Packing,     Rod     (Piston     and 

Valve) 

Goodrich  Co.,  B.  F. 
Jenkins  Bros. 
Power  Specialty  Co. 

Packing.    Rubber 

Goodrich  Co.,  B.  F. 
Jenkins  Bros. 

Packing.    Sheet 

Goodrich  Co.,  B.  F. 
Jenkins  Bros. 

Pans,  Vacnani 

Devine  Co.,  J.  P. 
Wheeler    Condenser     &     Engi- 
neering  Co. 

Paper    Machinery 

Moore  &  White  Co. 

Petroleum    Products 

Texas  Co. 

Pickling  Machines 

Mesta  Machine  Co. 
Pile    Drivers 

Clyde  Iron  Works 
Pile    Drivers,    Sheet 

Ingersoll-Kand  Co. 
Pinions,    Roil 

Mesta  Machine  Co. 
Pipe.   Cast    Iron 

Builders  Iron  Foundry 
Pipe,   Riveted   Steel 

Keeler  Co..   E. 

Pipe   Bends   and  Pipe   Bend- 
ing 

National  Pipe  Bending  Co. 

Pipe     Coils,     Covering,     Cut- 
ters, Fittings,  Joints,  etc. 

(See  Coils,   Covering,   Cutters. 
Fittings.  Joints,  etc..  Pipe) 
Pipe   Joint   Clamps 

(See  Clamps.  Pipe  Joint) 
Piston    Valves 

(See  Valves.  Piston) 
Planers,    Metal 

Manning.     Maxwell    &    Moore, 
Inc. 

Plate   Metal   Work 

(See  Metal  Work,  Plate) 

Pneumatic       Pumping      Sys- 
tems 

( See    Air    Lift    Pumping    Sys- 
tems) 

Pneumatic  Tools 

Ingersoll-Rand  Co. 

Polishing      Machinery      and 
Supplies 

Builders  Iron  Foundry 

Poppet  Valve  Engines 

(See  Engines,  Poppet  Valve) 

Po'wer      Transmission       Ma- 
chinery 

Brown  Co.,  A.  &  F. 
Falls  Clutch  &  Machinery  Co. 
Jeffrey  Mfg.   Co. 
Moore  &  White  Co. 
Royersford     Foundry     &     Ma- 
chine Co. 


Presses,  Hydraulic 

Alliance  Machine  Co. 

Falls  Clutch  &  Machinery  Co. 

Manning,    Maxwell    &    Moore, 

Inc. 
Mesta  Machine  Co. 
Wood  &  Co..  U.  IK 

Presses,      Forging      (Stenm- 
Hydranlic) 

Mesta   Machine  Co. 
Wood  &  Co..  R.  I". 

Presses,     Punching     and 
Trimming 

Royersford     Foundry     &     Ma- 
chine  Co. 

Pressure   Regulators 

(See   Regulators.  Pressure) 

Producers,    Gas 

Lie  La  Vergne  Machine  Co. 
Wood  &  Co.,  R.  D. 

Profiling  Machines 

(iarvin  Machine  Co. 
Propellers 

Morris  Machine  Works 

Pulleys,   Iron 

Brown  Co..  A.  &  F. 

Falls  Clutch  &  Machinery  Co, 

Jeffrey   Mfg.   Co. 

Pulverizers 

Brown  Co.,  A.  &  P. 
Jeffrey  Mfg.  Co. 

Pump       Governors,      Valves, 
etc. 

(See    Governors,    Valves,    etc., 
Pump) 

Pumping  Engines 

(See  Engines.  Pumping) 

Pumping   Machinery 

De  Laval  Mteam  Turbine  Co. 
Goulds  Manufacturing  Co. 
Morris  Co..  I.   P. 
Morris  Machine  Works. 
Providence  Engineering  Works 
Wheeler     Condenser    &     Engi- 
neering Co. 
Wheeler  Mfg.  Co..  C.  H. 
Wood  &  Co.,   R.  D. 

Pumps,    Air 

General  Condenser  Co. 
Goulds  Manufacturing  Co. 
Wheeler     Condenser     &     Engi- 
neering Co. 
Wheeler  Mfg.  Co.,  C.  H. 

Pumps,   Boiler   Feed 

Ue  Laval  Steam  Turbine  Co. 
Goulds  Manufacturing  Co. 
Wheeler  Mfg.  Co..  C.  H. 

Pumps,    Centrifugal 

De  Laval  Steam  Turbine  Co. 
Goulds  Manufacturing  Co. 
Morris  Co.,  I.  P. 
Morris  Machine  Works 
Providence  Engineering  Works 
Wheeler     Condenser    &     Engi- 
neering Co. 
Wheeler  Mfg.  Co..   C.   H. 
Wood  &  Co..  R.  D. 

Pumps,    Condensation,    ^vith 
Automatic    Receivers 

Whpcler     Manufacturing     Co., 
C.  H. 

Pumps,    Deep    Well 

Goulds  Manufacturing  Co. 
Ingersoll-Rand   Co. 
Morris  Machine  Works 

Pumps,    Dredging 

Morris  Machine  Works 
Wood  &  Co.,  R.  D. 

Pumps,    Dry    Vacuum 

(See  Pumps.  Vacuum) 

Pumps,    Electric 

Fairmont     Mining     Machinery 

Co. 
Goulds  Manufacturing  Co, 
Morris  Machine  Works 
Wood  &  Co..  R.  D. 

Pumps,    Hand 

Goulds  Manufacturing  Co. 

Pumps.    Hydraulic    Pressure 

vioulds  Manufacturing  Co. 
Morris  Machine  Works 
Wood  &  Co..  R.  D. 

Pumps.    Oil 

(ioulds  Manufacturing  Co. 
Wood  &  Co..  R.  D. 

Pumps.  Oil.  Force-Feed 

Lunkenheimer  Co. 

Pumps.    Po%ver 

(ioulds  Manufacturing  Co. 
Wood  &  Co..   R.  D. 

Pumps.    Rotary 

Goulds  Manufacturing  Co. 
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PiiiiiliM.   Steam 

Wiic'lir     CoiKlpnser    &     Engi- 

n-'crinj;  Co. 
Whc.lcr  Mfi.'.  Co..   C.   11. 
PiiiiiPM,   Sunii) 

Cciiilds  Maiiufai  tiirinj;  Co. 
M«iri-is  MachiiH-  Works 
Wood  &  Co..  K.  1>. 

FiiiiipH,   Tank 

(Joulds  Mamifacturius  Co. 

Wl Ut  .Mff.'.  Co..  C.  II. 

Wood  «:  Co..   I!.  D. 
I'ulllliH,    Turbine 

111-  Laval  Stiam  Tiirlnue  Co. 

.Morris  Macbino  Works 

Wood  *:  Co..  i;.  1>. 
PumiiH.    A'nenuin 

1 1. 'Vino  Co..  J.   P. 

^o.'iH-ral  Condv'iiser  Co. 

Coulds  MainifacturiiiK  Co. 

Nordbt-rg  .Mfg.  Co. 

WheeliT     Condensor     &     Eugi- 
m't'riuj;  Co. 

Wluidcr  -MlK.  Co..  C.  H. 
PunelieH,    Hydraulic 

.MliniKo   .Mailiiuc  Co. 

Wood  &  Co..   It.  II. 

l*uii4'lieN,    I»ower 

Kovt-rstord     Foundry     &     Ma- 
I'hini'   Co. 
l*tiii<>]ieM,    >lnlti|ile 

Woi  d    >\:    C...    K.    I). 
Piinelie!*    ami    Oiefi 

Ko.vrrsford     I'oiindry     &    Ma- 
chino  Co. 
I'uiit'liiiiK  and  SliearinST  Ma- 
fli  iiieN 

.\llialiiu   .Macliiiio  Co. 

l!o.\L'rsl'ord     Koundry     &     Jla- 
chine  Co. 

Wood  &  Co.,  R.D. 
PnrifyiuK       and        Softening 
SvHtenis,    %Vater 

Harrison   Safety    I'.ciili-r  Works 
Pyrometers.   Kleetric 

r.ristid    Co. 

I'.rowii   Instriiinrut  Co. 

Industrial  InstrunK'nt  Co. 

Taglialme  Mfg.  Co..  C.  J. 
Pyr«»meters.    Mercurial 

.\shton  Valv.-  Co. 

lirown   InstrunHiit  Co. 

Industrial  Instrument  Co. 

Taglial)U<"  Mfg.  Co..  C.  .7. 
PyrometerN,    Radiation 

IJrowu  Instrument  Co. 


Quarry    Macliinery 

IngersoU  Hand  Co. 


Racks.   Cut 

.Tames  .Mfg.  Co..   I).  O. 

RafliatorN.    Indirect 

Siiiitll    Co..    II.    I!. 
Itnaliatorx.    Steam 

Smitl]    Co..    II.    B. 
Rail    J<»intN 

I  .'iri'  .liiiiits.   Kail  I 

Railtviiys        (or        Inilustrial 
l*u  riMises 

Hunt  Co..  Inc..  C.  W. 
Railways.    Ca1>le    and   Auto- 
matic 

Hunt   Co..    lue..  C.  W. 
Ramm«-r.s,  Foundry 

lngers..ll  l;and  Co. 
RaniM,    Hydraulic 

lioulds  .Manulac  taring  Co. 
ReeeiverM,   Air 

Devine  C I.    I". 

Ingersoll-l'and  Co. 
.NordlK-rg  -Mfg.  Co. 
Recording  Instrnmeuts 

.\slUcui  Valve  Co. 
r.rist.d  Co. 

Hrown   Instrument  Co. 
Builders  Iron   Foundry 
General    Electric    Co. 
Industrial   Instrument  Co. 

RefriiieratinB    Mndiinery 

He   La  Vergtie  Machine  Co. 
Keffiwe    Destructors 

I  See   Hesnuetors.    Ketuse) 
Regulators.    lllo«-«»r 

Havis  Hegulator  Co..  <;.  M. 

Tagliahue  Mfg.   Co..  C.  J. 
llCKiilatfkrs,    Damper 

jinvis    ItegulML.r  Co.,   C.   M. 

ReguIat<»rN,    Electric 

Ceneral    Electric-   Co. 
Regulators.    I'"lo"    (Steam) 

Davis  Kegulator  Co..  G.  .M. 
Scliutte  iSi  Koerting  Co. 
Regulators.    Pressure 

Havis  Hegnlator  Co..  G.  M. 
Tagliahue  Mfg.  Co.,  C.   .1. 


Regulators. 


I*unip 

lors.   I'umpi 
Regulators.    T<Mnp<-raf ure 

Taglial.ur   .Mf;;.   C,,..   C.    .1. 

Reseating    .^lucli  iiies 

Lagonda   Manufa<  luring   Co. 
Returders.  Railroad  Car 

Fairmont     .Mining     .Macliinery 
Co. 
Revolntion    Ciiunters 

I  See  Counters.   Kevolution  i 
Riveters,    Hydraulic 

.Vlliance  Machine  Co. 

Wood   &  Co..    U.    H. 
Riveters.    l*iieuinat i** 

Inger.-.<dl  Kand  Co. 
Roller  Hearings 

iSi'i'  Bearings.    Holler  i 

Rolling    Mill    Macliinery 

.Mliance   Machine  Co. 

.Mesta  Machine  Co. 
Rolls,    Forging 

Mesia  .Machine  Co. 
Rolls.      Sand.      Chilled      anil 
Steel 

Mesta  .Machine  Co. 
Raills.    Rubber 

i,.i,,(lri(li  Co.,   B.   F. 
Rooting 

Te.vas  Co. 
Rope    Drives 

Brown  Co..  A.  &  V. 

Falls  Clutch  &   Machinery  Co. 

.leffrey   Mfg.  Co. 
Rope,    Hoisting 

Clvde   Iron  Works 

Hunt    Co.,    Inc..   C.   W. 

lioi'blings  Sous  Co..  .John  A. 
Rope,   Transmission 

Hunt  C.I..  Inc.,  C.  W. 

Koebling's  Sons  Co.,  John  A. 
Rope,    Wire 

Clyde   Iron  Works 

Koebling's  Sons  Co..  ,7olin  A. 
Rubber  Goods,  Mechanical 

Goodrich  Co..  B.  F. 

Jenkins  Bros. 


Slifle    Valves 

I  See  Valves,  Slide) 
SIiii«'e    Gates 

.  S.  .•  Gales.   Sluice  I 


Sand  Blast   Apiinratns 

He  La  Vergne  .Machine  Co. 
IngersoII-Hand  Co. 
Lunkeuheimer  Co. 
Screens,  Revolving 

.Jeffrey   .Manufacturing  Co. 
Screens.    Shaking 

,JefJ'rc-y    Manufacturing  Co. 
Screw    Cutting   Dies 

(See   Hies.    Screw   and   Tlu-c-ad 
Cutting  1 
Screw  Machines,  Hand 
Garvin  Machine  Co. 
.Tones  it  Lamson  Machine  Co. 
Warner  c&   Swasey  Co. 
Screws,    Safety   Set 

Bristol    Co. 
Separators,   .Vir 

General  Condenser  i_'o. 
Se|>arators,    .Ammonia 

He  La   Vergne  Machine  Co. 

Separators,   Oil 

He  La   Vergne  Machine  Co. 
(leneral   Condenser  Co. 
Harrison   Safety   I'.oilc>r  Works 
National  IMpe  Bending  Co. 
Wheeler     Condenser     cH     Engi- 
neering Co. 
Separators,    Steam 
i;enc>ral  Condenser  Co. 
Harrison   Safety  Boiler  Works 
.National   I'ipe  Bending  Co. 
Shafting 

lirown  Co..  .\.  &   F. 
Cumberland   St. 'el  Co. 
Shears,    Il.vdraulic 
.\lliarice  Machine  Co. 
Mesta  .Machine  Co. 
Wood  &  Co..  R.  D. 
Shears,    Lever 

.Mesta   Machine  Co. 
Shears,    l»late 

.Mliance   Machine  Co. 
Mesta    Machine   Co. 
Wood  ..<c  Co.,  R,  n. 
Slienves,  Rope 

Brown  Co.,  .\,  ,S:  F. 

Clvde   Iron  Works 

Falls  Clutch  &  Machinery  Co. 

.Teffrey  .Mfg.   Co. 

Sheet       anil      Tin-Plate      Ma- 
elii  lli'ry 

Mesta    .Machine  Co. 


Siiiol^e  liKlicators 

c  S.-c-   Indicators.    Smoke) 
Smoke    Stacks    anil    Fines 

I  See    Stacks,    Steel  l 

Special   Macliinery 

Brown  Co..  .-V.  &  1-". 

Builders  Iron  Foundry 

Cowdrey  Machine  Works,  C.  II, 

Garvin  Machine  Co, 

Mesta  Machine  Co. 

^Io^^is  Co.,  I.   P. 

Providence  Engineering  Works 

Wood  &  Co,,   R.   H. 
Sliced      Trnnsmissiiiiis.      \  ti- 
riable 

.Moore  &  White  Co. 
Speed     Reducing    Traiisniis- 

SillUM 

He  I>aval   Steam  Turliine  Co. 
.Tames  .Mfg.  Co..   L).  O. 
Spirals,  Gravity  Roller 

-Maihi'ws    Gravity    Carrier   Co. 
S|»ra.\'    ,\iiz/,les 

I  See  Nozzles.   Spray) 

Sprockets 

.Teffrey    Manufacturing   Co. 

Sockets,   Wire  Rope 

I  See   Wire    Rope    Fastenings) 

Soot   Rlowing  Systems 

Simonds  &  Co..   <;.   L. 
Stacks,   Steel 

Heine  .Safetv  Boiler  Co. 
Keeler  Co.,  E. 
Stamps,  Steam 

Nordberg  .Manufacturing  Co. 

Steam  Fngines.  Separators, 
S  li  o  -I-  e  1  s,  Suiierheaters, 
'I'raiis,   Tiirliines,   etc. 

I  See  E  n  g  i  n  e  s.  Separators, 
Shovels.  Su  p  e  r  h  e  a  t  e  r  s. 
Traps,  Turbines,  etc. 
Steam) 

Steam   Specialties 

Havis  Regulator  Co.,  G,  M. 

Lagonda  Mfg.  Co. 

Luukenheimc^r  Co. 

Manning,     Ma.xwell    it    Moore, 
Inc, 
Steel,    Cold    Rolled 

Cunilierland  Steel  Co. 
Steel   Plate  Construction 

Heine  Safetv  JJoiler  l.'o. 

Kec-ler  Co.,  E. 

Wood  it  Co.,  R.  D. 
Steel  Ties 

I  Sc'e  Ties,  Steel) 

Stokers 

.\merican  Engineering  Co. 

Babcock  &  Wilco.x  Co. 

Green  Engineering  Co. 

Murph.v   Iron  Works 
Stokers.   Chain   Grate 

I'.abcock  &   Wilco.x  Co. 

Green   En.uiueering  Co. 
Stokers.   Inclined  Grate 

.Mnr|)hy    Iron   Works 
Stokers,   Viiderfeed 

.Vnierican  Engineering  Co. 
Strainers.  Water 

Lagonda   Manufacturing  Co. 

Schutte  it   Koerting  Co. 

Sugar   3Iachinery 

Hooven.  iiweus.  Itentschler  Co. 
Wood  it  Co.,  R.  I). 

Superheaters.  Air 

Power    Specialty    Co, 

Superheaters.   Steam 

Babcock   it   Wilco.\   Co, 
Heine    Safety   Boiler  Co, 
Power  Specialty  Ccc. 

Switcliboards 

General   Electric  Co, 

Switches.    Electric 

(Jeneral   Eh  ctric  Co, 

Switches    and    Frogs.    Rail- 
roail 

liail  ,loint  Co, 

S>iicliroiioiis    Converters 

(See  Convertcn-s,  Synchronous) 

Syplions  (Stenin-Jet) 

Schutte  it  I-;oerting  Co, 


Tank    AVork    (Air.    Gas.    Oil 
anil    Water) 

Heine   Safety   Boiler  Co. 

Keeler  Co..   E. 

Wood  &  Co..  K.  D. 
Tapping   Mncliines 

Garvin   Machine  Co. 
Telilliers 

I  See  Tramrail   Systems.   Over- 
head i 
Ties,    Steel 

Fairmont    Mining    Machinery 
Co. 

Thermometers 

.\shion   Valve  Co. 

Bristol  Co. 

Brown   Instrument  Co. 

Industrial   Instrument  Co. 

Tagliahue  .Mfg.  Co.,  C.  J. 
Thread  Cutting  Tools 

.Jones  it  l.amscin  Machine  Co. 
Time  Recorders 

Bristol  Co. 

Brown   Instrument  Co. 

Industrial   Instrument  Co. 
Tools,     Brass-Working     Ma- 
chine 

War ■  it   Swasey  Co. 

Track,    inilustrial 

Hunt    Co.,    Inc.,  C,   W. 
Tramrail  Systems,  Overhead 

Bccx  it  Co,,   .\lfred 

Manning.     .Ma.xwell    it    Moore, 
Inc. 
Tramways,   Bridge 

Hunt  Co..  Inc.,  C.  W, 

Tramways,  \i'ire  Rope 

Clvde    Iron   Works 

Rcieliling's  Sons  Co,.  John  A. 
Transformers,  Electric 

(ieneral    Electric   Co. 
Transmission    Machinery 

I  See  Pccwer  Transmission  Ma- 
chinery I 
Traps,  Return 

<:eneral  Condenser  Co. 

Traps,   Steam 

Havis  i:egulator  Co..  G.  M. 

General  Condenser  Co. 

Jenkins  Bros. 

Schutte  it  Koerting  Co. 
Traps,   A'acuum 

"ieneral    Condenser   Co. 
Tube  Cleaners,  Boiler 

Lagonda   Manufacturing  Co. 

Simonds  it  Co.,  G,  L, 
Trolleys,  I-Beam 

Box  it  Co.,  Alfred 

Hunt  Co..    Inc..   C.   W. 
Trucks,   Electric 

Hunt  Co..    Inc..  C.   W. 

Tube    Cutters 

I  See  Cutters.   Pipe  and  Tube) 

Tubing,    Rubber 

(Joodrich  Co..  I:.  F. 
Tmnbling  Barrels 

(See  Barrels.   Tumbling) 
Turbines,    Hydraulic 

.Morris  Co..  I.   P. 
Turbines,    Steam 

He  Laval   Steam  Turbine  Co. 
General  Electric  Co. 

Turbo-Generators 

He  Laval   Steam  Turbine  Co. 
General   Electric  Co. 
Turntables 

Hunt  Co..  Inc..  C.  W. 

Turret  Macliines 

Garvin  Machine  Co. 

Jones  it  Lamson  Machine  Co. 

Warner  &  Swasey  Co. 


Sirens 

(  See 


Steam) 


Skiving   >Iacliiiies 

I-'ortuna   .Mac-lune  Co. 


Tai'liometcrs 

I'.rown   Instrument  Co, 
Industrial    Instrument   Co. 
\-.cMler  Mfg.  Co. 
Weston    Electrical    Instrument 
Co. 

Tackle  Blocks 

(See  Blocks,   Tackle) 


I'nions 

Lunkenbeimer  Co. 
Initlow    Engines 

(See   Engines.    Fnillciw) 
I'nderfeed   Stokers 

(See   Stokers.   Underfeed) 

Vacuum    Drying   .Apparatus 

(See   Hryers.    \'acu\inn 

V  a  c  n  u  111     Pans,     Pumps, 
'I'raiis,   etc. 

(See  Pans.  Pumps.  Traps,  etc., 
'Vacuum  I 

Aalve   Balls 

.\uburn  Ball  Bearing  Co. 

Goodrich  Co.,  B.  F. 
Valve    Discs 

Goodrich  Co.,  B,  F, 

Jenkins  Bros, 
A'alve   Boxes 

Wood  it  Co..   R.  D. 
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Valves.    Air.   Aatomatic 

Davis  Kcgulator  Co.,   G.  M. 
Jenkins  Bros, 
yniith  Co..   11.  B. 

A'alves.    Air    Relief 

Scbutto  tfc  Kocrting  Co. 

Valves,   Aniutonia 

De  La  Vergne  Machine  Co. 
Jenkins  Bros. 
Lunki^nheinier  Co. 

Valves,    Anffle    Gate 

Lunkcuheimer  Co. 
Wood  &  Co.,  R.  D. 

Valves,  Antoniatic  Cut-OflE 

( See    Valves.    Xon-return) 

Valves,    Back:    Pressure 

l>avis   Regulator  Co.,    G.  M. 
Harrison   Safety  Boiler  Works 
Jenkins  Bros. 
Schutte  &  Koorting  Co. 

Valves,    Balanced 

Davis  Regulator  Co.,  G.  M. 
Scluitte  &  Koerting  Co. 

Valves,    Balanced    Distribu- 
tion 

Anieri(an  Balance  Valve  Co. 

Valves.    BlOYToff 

Ashton  Valve  Co. 
Jenkins  Bros. 
Lunkenheimer  Co. 
Yarnall-Waring  Co. 

Valves,    Butterfly 

Lunkenheirner   Co. 
Schutte  &  Koerting  Co. 

Valves,    By--Pas» 

Jenkins  Bros. 
Lunkenbeimer  Co. 
Nelson   Valve   Co. 

Valves,    Cbeck 

Jenkins  Bros. 
Lunkenheirner  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 
Wood  &  Co..  R.  D. 

Valves,  Kxhaust  Relief 

Davis  Regulator  Co..  G.  M. 
Harrison   Safety  Boiler  Works 
Jenkins  Bros. 
Schutte  &  Koerting  Co. 
Wheeler     Condenser    &     Engi- 
neering Co. 
Wheeler  Mfg.  Co..  C.   H. 

Valves,    Float 

Davis  Regulator  Co.,  G.  M. 
Schutte  &  Koerting  Co. 

Valves,    Foot 

Wood  &  Co.,  R. 


D. 


Valves,    Gate 

Jenkins  Bros. 
Lunkenheirner  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 
Wood  &  Co..  R.  D. 

Valves.     Globe.     Ansle     and 
Cross 

Jenkins  Eros. 

Lunkenheirner  Co. 

Manning.    Maxvpell    &    Moore. 

Inc. 
Nelson  Valve  Co. 

Valves,    Hose 

Jenkins  Bros. 
Lunkenheirner  Co, 
Nelson  Valve  Co. 

Valves,    Hydraulic 

Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 
Wood  &  Co..   R.  D. 


Hydraulic     Operat- 


Valves, 
inj? 

Schutte  &  Koerting  Co. 
Wood  &  Co..   R.  D. 

Valves.    Non-Return 

rtavis  Reguhitor  Co.,  G.  M. 
Jenkins  Bros. 
Lagonda  Mfg.  Co. 
Lunkenheirner  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 
Valves,    Piston 

American  Balance  Valve  Co. 

A^alves,    Pop    Safety 

Ashton  Valve  Co. 
Lunkenheirner    Co. 
Manning.    Maxwell    &    Moore. 
Inc. 
Valves,    Pump 

Goodrich   Co..   B.   F. 
Goulds  Manufacturing  Co. 
Jenkins  Bros. 


Valves,    Radiator 

Jenkins   Bros. 
LunkrnlK'iniir  Co. 

Valves.    Reducing: 

Davis  Regulator  Co.,  G.  M. 

Valves,    Regulating: 

Davis  Regulat(u-  Co.,  G.  M. 
Lunkenheirner  Co, 

Valves,    Relief    (W^ater) 

Ashton  Valve  Co. 
Lunkenheirner  Co. 
Wood  &  Co..  R.   D. 

Valves.    Safety 

Jenkins   Brn-^. 
LunkenheimiT   Co. 

halves.    Slide 

American   Balance  Valve  Co.- 

A'alves.     Steel     <  Superheated 
Steam) 

Jenkins  Bros. 
Lunkenheirner  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 

Valves,    Stop    and    Check 

Liavis  Regulator  Co..  <_;.  M. 
Jenkins  Bros. 
Lagonda  Mfg.  Co. 
Lunkenheirner  Co. 
Nelson  Valve  Co. 
Schutte  &  Koprting  Co. 

Valves.    Throttle 

Jenkins  Bros. 
Lunkenheirner  Co. 
Nelson   A'alve   Co. 
Schutte  &  Koerting  Co. 

Ventilating-       and       Heating* 
Apparatus 

(See   Heating  and   Ventilating 
Apparatus) 


Washers.    Ru1>ber 

Goodrich  Co..  B.   F. 

Washers,    Leather 

Schieren  Co.,  Chas.   A. 
Williams  &  Sons.  I.  B, 

Washers,    Steel 

Auburn  Ball  Bearing  Co. 

Water  Circulators,  Filters, 
Gages,  Heaters,  Meters, 
Strainers,    etc. 

(See  Circulators.  Filters, 
Gages.  Heaters.  Meters. 
Strainers,  etc..  Water) 

Water    Columns 

Ashton   Valve   Co. 
Lunkenhcimcr  Co. 

W^ater   Softening:   Apparatus 

Harrison    Safety  Boiler  Works 

W^nter    Tube    Boilers 

(See   Boilors.    Water  Tube) 

AVater    A\^beels.    Turbine 

Morris  Co..   I.   P. 

Vi'^attnieters 

(See  Electrical  Instruments) 

Wheels.    Self-Oiling: 

Fairmont  Minius  Machinerv 
Co. 

Whistles.    Steam 

Ashton   Valve  Co. 
Brown  Co..   A.  &  F. 
Lunkenheimer  Co. 

W^ire.   Brass   and    Copper 

Roehling's  Sons  Co..   Jolm   A. 

AVire.   Flat 

Roelding's  Sous  Co..   John   A. 

AVire,   Iron   and    Steel 

Roehling's  Sons  Co..   John  A. 

AVire  and  Cables.  Electrical 

General   Electric  Co. 
Roehling's   Sons  Co.,   John  A. 

AA'ire    Cloth 

Roehling's  Sons  Co..  John  A. 

AA'ire    Rope 

(See   Rope.   Wir.M 

A\'ire    Rope    Fastening's 

Roeblings   S.ius  Co..   John  A. 

AVire    Specialties 

Roehling's  Son-;  Co..   John  A. 

Wiring"    Devices 

General   Electric  Co. 

Wrenches 

Roeliling's  Sons  Co..   John   A. 


PROFESSIONAL  CARDS 


HOOPER-FALKENAU  ENGINEERING  CO. 
Industrial  Engineers  and  Architects 

Woolworth  Building,  NEW  YORK  CITY 

THE  ARNOLD  COMPANY 

Engineers — Constructors 

Electrical — Civil — M  echanical 

105  South  La  Salle  Street,  CHICAGO 

ELECTRICAL  TESTING  LABORATORIES,  Inc. 
Electrical  and  Mechanical  Laboratories 

Tests  of  Electrical  Machinery,  Apparatus  and  Supplies. 
Materials  of  Construction,  Coal,  Paper,  etc.  Inspection 
of  Material  and  Apparatus  at  Manufactories. 

80th  Street  and  East  End  Avenue,  NEW  YORK  CITY 

ELLIOTT  H.  WHITLOCK,  Member  A.  S.  M.  E. 

Consulting  Engineer  Carbon  Expert 

Efficiency  Management 

1506  W.   Ii2th  Street,  CLEVELAND,  O. 

CHAS.  T.  MAIN,  Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201   Devonshire  Street,  BOSTON,  MASS. 

CHAS.  H.  MANNING,  Member  A.  S.  M.  E. 
CHAS.  B.  MANNING, 
Consulting  Engineers 

886  Elm  Street,  MANCHESTER.  N.  H. 

BERT.  L.  BALDWIN  &  CO. 
B.  L.  Baldwin,  G.  W.  Simpkinson,  Members  A.S.M.E. 

Plans,  Specifications  and  Superintendence  of  Manufac- 
turing Buildings,  Plants  and  Equipments  of  same. 
Perin  Building,  CINCINNATI,  OHIO 


ENGINEERING  SCHOOLS 
AND  COLLEGES 


NEW  YORK  UNIVERSITY  SCHOOL  OF  APPLIED 
SCIENCE 

Department  of  Civil,  Mechanical  and  Chemical  En- 
gineering. 

For  announcements  or  information,  address 

CHARLES  HENRY  SNOW,  Dean,  University  Heights, 
N.  Y.  City 

POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

Course  in  Mechanical  Engineering.  Evening  Post- 
Graduate  Courses.  Fred.  W.  Atkinson,  Ph.  D.,  President; 
W.  p.  Ennis,  Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 

THE  RENSSELAER  POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical,  Electrical  and  Chemical 
Engineering  and  General  Science  leading  to  the  degrees, 
C.  E.,  M.  E.,  Ch.  E.  and  B.  S.    Also  special  courses. 

Unsurpassed  laboratories. 

Catalogue  ^ent  upon  application  TRO^     \    \ 


Schieren  Belting  Helps  Send  the 

World^s  Longest  Wireless 

Message 

The  great  wireless  station  at  Tuckerton,  N.  J., 
that  links  the  United  States  with  Germany,  is 
equipped  with  two  Schieren  belts,  each  54  feet  long, 
which  drive  the  immense  electric  dynamos. 

This  is  but  one  more  instance  of  the  use  of 
Schieren  Belting  for  transmitting  power  where  great 
strength,  freedom  from  slipping  and  ABSOLUTE 
DEPENDABILITY  are  demanded. 

The  most  famous  of  Schieren  Beltings  is  DUXBAK — "the 
best  waterproof  and  general  service  belting,**  Its  superiority 
is  obtained  by  the  special  treatment  used  in  preparing  the 
leather.  By  this  means  we  introduce  into  the  leather  itself 
a  substance  that  permanently  preserves  the  fibres,  keeping 
them  pliable,  fresh  and  vigorous.  This  substance  also  pre- 
vents the  entrance  of  water,  oils  or  other  liquids  which 
deaden  and  deteriorate  ordinary  beltings.  In  addition  to 
this  waterproofing  treatment  we  join  the  belt  laps  together 
with  a  cement  that  is  absolutely  immune  to  water,  acid 
fumes,  steam,  alkalies,  oils,  etc. 

It  will  mean  no  experiment  for  you  to  buy  DUXBAK  and 
other  Schieren  Beltings.  They  are  used  and  sold  in  every 
manufacturing  country  of  the  world  and  that  they  are  the 
most  popular  of  all  beltings  is  evidenced  by  the  extensive 
shipments  we  are  making  to  other  coun- 
■.R^  ^^  tries  weekly. 
,  ^^  ^^  v/\\\  be  pleased  to  send  you  prices, 

BELT  I  ^  Q^  samples    and    complete    information   on 

xRADE  MARK.  your  request. 

uia.)S):^////m'//dy////a/u/ 

Tanners,  Belt  Manufacturers  25  Ferry  Street,  New  York 

Chicago  -         - 12S  W.  Kinzie  Stre-i 

Philadelphia 226  North  3'l  Street 

Denver  -------        1752  Arapahoe  Street 

Boston 641-643  Atlmtic  Avenue 

Pittsburgh 205  Wood  Street 

Seattle 620  Fourth  A\eniie 

Oak  Leather  Tanneries.  Bristol,  Tenn. 


^^ 
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A  MEMBERSHIP  OF  SIX  THOUSAND 

DURING  the  past  month  the  membership  of  the  Society  passed 
the  six  thousand  mark  in  its  steady,  vigorous  growth.  There 
has  been  a  gain  of  over  12%  during  the  past  ten  months. 
This  is  indicative  of  the  increasing  strength  of  the  Society  and  of 
its  present  healthy  condition.  The  broad  interest  which  the  Society 
has  taken  during  recent  years  is  making  its  value  felt  by  the 
many  industries  which  depend  upon  the  engineer  for  development. 

The  membership  of  the  Society  at  present,  however,  is  small 
compared  with  the  number  of  engineers  actively  engaged  in  the 
various  industries.  Let  us  consider,  for  instance,  the  number  of 
men  entering  the  profession  each  year. 

There  are  1 29  colleges  in  the  United  States,  giving  courses  in 
engineering.  From  only  32  of  these,  where  Student  Sections  have 
been  established,  841  students  in  mechanical  engineering  alone 
were  graduated  last  June,  all  eligible  for  Junior  membership  in 
the  Society.  In  addition  to  these  are  the  97  other  colleges  for 
which  figures  have  not  been  compiled.  Furthermore  there  are 
52  colleges  of  Agriculture  and  Mechanic  Arts,  with  an  enrollment 
of  over  8000  students  taking  four-year  courses,  and  about  20 
secondary  technical  schools  graduating  annually  over  2500  stu- 
dents, most  of  whom  go  into  industrial  activities.  In  addition, 
there  are  the  numerous  capable  engineers  who  have  obtained 
their  training  through  practical  experience,  supplemented  by  pri- 
vate tutoring.  A  conservative  estimate  of  the  total  number  of 
competent  engineers  in  the  United  States  alone,  not  now  mem- 
bers in  the  Society,  based  on  the  foregoing  facts,  would  be  at  the 
very  least  20,000. 

The  membership  invites  all  well  qualified  engineers  to  apply 
so  that  the  Society  may  have  their  cooperation  in  the  work  it  is 
doing  for  the  development  of  the  profession. 

Total  Membership  of  the  Society,  October  28,  1914 6004 

New  Members  since  January  1,  1914 762 


Annual  Meeting  invitations  are  now  ready  for  distribution 
and  will   be   mailed  to   friends   of  members   upon  request. 


CHANGE   OF  ADDRESS 

Members  who  have  changed  their  addresses  during  the  past  year 
and  who  have  not  notified  the  Society  are  requested  to  fill  out  the  blank 
below  as  indicated  and  return  it  to  the  Society.  These  coi'rections  are 
for  use  in  the  Year  Book  for  1915,  and  should  be  received  by  December 
15  to  insure  their  appearance. 


(Cut  off  along  tliis  line) 

The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,  New  York 

ADDRESS   BLANK 

(Fill  in  every  space  below.     Write  distinctly.     Typewriting  preferred) 
Underline  the  Mail  Address 

Name 

Title  or  Position 

Name  of  Firm 

Business  Address 

Home  Address 
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COMING  MEETINGS  OF  THE  SOCIETY 

November  10,  New  York  City.  Paper:  The  Developmenl  of 
the  By-Product  Gas  Producer  Industry  in  Europe,  by  Arthur  H. 
Lymn.  London.  England,  inventor  oi  the  Lynin  ])roeess.  Jnff)nnal 
dinner,  6.30  p.m. 

November  18,  Boston,  Mass.  Meeting  under  the  auspices  of  the 
Boston  Society  of  Civil  Engineers.  Address:  The  Commission-Man- 
ager Form  of  Government  and  its  Relation  to  the  Engineering  Pro- 
fession, by  Henry  M.  Waite,  City  Manager,  Dayton,  Ohio. 

November  18,  New  Haven,  Conn.  Fall  meeting,  Mason  Lab- 
oratory of  Mechanical  Engineering,  Sheffield  Scientific  School,  Yale 
University.  Subject:  The  Applications  of  Electricity  in  Manufac- 
turing. Afternoon  session,  3.00  p.m.,  papers  by  Chas.  F.  Scott  and 
others;  evening  session,  7.30  p.m.,  addresses  by  James  Hartness, 
President,  Calvin  W.  Rice,  Secretary,  and  continuation  of  afternoon 
discussion.     Dinner,  6.00  p.m.,  in  Yale  Dining  Club. 

November  19,  St.  PauU  Minn.  Paper:  Coal  Testing,  by  V.  \\. 
Roerich. 

November  20,  Chicago.  Ill,  La  Salle  Hotel.  Subjects:  A  New 
High-Pressure  Safety  Boiler,  W.  H.  Winslow,  president,  Winslow 
Safety  High-Pressure  Boiler  Co.;  Boiler  Furnace  Efficiency,  Joseph 
W.  Hays,  combustion  engineer;  Boiler  Efficiency  Meters  and 
European  Boiler  Practice,  W.  A.  Blonck,  consulting  engineer;  Me- 
chanical Filters,  Walter  H.  Green,  chief  engineer.  International  Filter 
Co.    A  dinner  will  precede  the  meeting,  commencing  at  6.30  p.m. 

November  "-il,  PhUadclphia,  Fa.  Joint  meeting  with  Engineers 
Club.  Paper:  Bituminous  Coals,  Predetermination  of  their  Clinker- 
ing  Action  by  Laboratory  Tests,  l)y  F.  C.  Hubley,  assistant  engineer 
of  tests,  American  Bridge  Co. 

Annual  Meeting,  December  1-4,  New  York  Citi/.  For  program 
.sec  p.   III. 

December  8,  San  Francisco,  Cal.  Paper:  A  Novel  Method  of 
Handling  Boilers  to  Prevent  Corrosion  and  Scale,  by  Allen  H. 
Babcock,  Consulting  Electrical  Engineer,  Southern  Pacific  Comjiany. 
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rHE  feature  of  the  professional  sessujiis  will  b(  the  all-duy  session  on  December  3,  on  the  engineer 
in  public  service,  which  is  in  line  with  the  wkle-spreael  movement  among  engineers  to  devote 
their  special  training  to  public  problems.  There  wdl  also  be  five  sessions  on  miscellaneous  subjects. 
The  exhaustive  report  of  the  Committee  on  Boiler  Specifications  will  probably  be  ready  for  discus- 
sion at  the  opening  sessivn.  On  Wednesday  evening  it  is  expected  theit  the  John  Fritz  Medal  will 
be  awardeel  to  Prof.  John  E.  Sweet,  Honorary  Member  and  Past-President,  to  whom  more  than  to 
any  other  living  man  the  formation  of  the  Society  is  due.  Altogether  the  program  is  one  of  the 
strongest  and  most  interesting  in  recent  years. 


TENTATIVE   PROGRAM 

Tuesday  Eveniny,  December  I,  S.30  p.m. 

President's  Address,  by  James  Hartness 

Report  of  Tellers  of  election  of  officers 

Introiluction  of  President-elect 

Reception  by  the  Society  to  the  President,  President-elect, 
ladies,  members  and  guests  in  the  rooms  of  the  Society. 
Music  and  refreslmients 

Wednesday  Morning,  December  2,  10.00  a.m. 

Business  meeting.  Reports  of  the  Council  and  Standing 
Committees.     Reports  of  Special  Committers. 

PROFESSIONAL    SES!-ION 

Floor  Surfaces  in  Fireproof  Buildixgs,  San  ford  E. 
Thompson 

(Contributed  by  tuv.  Sl'b-Committee  un  Indt.strial  Bl'ilding.) 

Reinforceu-Coxcrete  Factory  Buildixus,  F.  W.  Dean 

(CONTRUUTED    by     the    SrB-COMMlTTEE    OX     TEXTILES.) 

Wednesday  Afternoon,  2.00  p.m. 
professional  session 
Measurin'*;  Efficiency,  H.  L.  Gantt 
Standardization  in  the  Factory,  C.  B.  Auel 
(Contributed     by     the      Sub-Co-mmittee     nx      M,\chine     Shop 
Practice.) 

Operation  of  Grinding  Wheels  ix  Ma(^-hine  Grinding, 
Geo.  I.  Alden 

Friction  Losses  ix  the  Universal  Joint,  P.  F.  Walker 
and  W.  J.  Malcohnson 

railroad  session   (simultaneous) 
Steam  Locomoti\'es  of  Today;  Report  of  the  Sub-Com- 
mittee on  Railroads 

Wedne><d(ty  Ereniny,  S.-^O  p.m. 

It  is  expected  that  the  Jolm  Fritz  Medal  will  lie  awarded 
to  Prof.  John  E.  Sweet,  Honorary  ilember  and  Past-Presi- 
dent of  the  Society. 

Following  this  will  be  an  address  of  unusual  interest,  the 
subject  of  which  cannot  as  yet  be   definitely  announced. 


Thursday,   December  3 

All-day  session,  commencing  10.00  a.m.,  on  Engineering 
in  the  Administration  of  a  City.  Papers  contributed  by  the 
Committee  on  Public  Relations.  The  session  will  be  opened 
by  John  Purroy  Mitchel,  Mayor  of  the  City  of  New  York, 
and  contributions  have  been  arranged  for  upon  a  wide 
variety  of  subjects  such  as  is  indicated  in  the  following 
tentative  list :  The  collection  and  disposal  of  refuse  from 
an  engineering  standpoint  and  the  utilization  of  municipal 
wastes;  the  handling  of  sewage  sludge;  the  training  of 
municipal  employees;  the  cleaning  of  public  buildings;  the 
future  of  the  police  arm  presented  from  the  engineering 
side;  the  problem  of  organization  as  related  to  the  highway 
department;  controlling  factors  in  municipal  engineering; 
cleaning  filter  sands;  the  design  and  operation  of  a  muni- 
cipal electric  light  plant ;  and  municipal  colleges  in  Ger- 
many. 

TJiursday  Afternoon,  2.00  p.m. 
iROX  and  steel  session   (simultaneous) 

Factors  ix'  Hardexixg  Tool  Steel,  John  A.  Matliews 
and  Howard  J.  Stagg 

(CONTRIBITED    BY    THE     SUB-Co.M  >l  ITTEE    ON     IRON    .4ND     STEEL,  ) 

Standardization  of  Chilled  Iron  Crane  Wheels,  F.  K. 
Vial 

(CONTRIBUTED  BY  THE  SUB-COM  M ITTEE  OX  ILHSTIXi;  AXU  CON- 
VEYING. I 

The    Mechanical    Elimination    op    Seams    in    Steel 
Products,  Notably  Steel  Rails.  R.  W.  Hunt 
Topical  Discussion  on  Alloy  Steels 

Thursday  Evening,  7.00  p.m. 
Dinner  dance,  Hotel  Astor 

Friday  21ornhig,  December  i,  1(1.00  a.m. 
professional  session 
A  Rate-Flow  Meter,  H.  C.  Hayes 

A  New  Volume  Regulator  for  Air  Compressors.  Rag- 
nar  Wikander 

Physic.\l  Laws  of  Metiiaxe  Gas,  P.  F.  Walker 
Laboratory    for    Testixg    axd    Ixvestigatixg    Liquid- 
Flow  Meters,  AV.  S.  Giele 

The  Clinkerixg  of  Coal.  Lionel  S.  Marks 


ITT 


ANNUAL  MEETING  PAPERS 


ON  the  preceding  page  is  given  a  tentative  program 
for  the  Annual  Meeting  with  the  papers  listed 
in  so  far  as  it  is  possible  to  announce  them  at  the  date 
of  going  to  press.  Besides  the  papers  listed  there  will 
be  a  series  of  papers  for  the  all-day  session  on  Thurs- 
day upon  the  general  subject  of  Engineering  in  the 
Administration  of  a  City.  These  latter  papers  are  now 
in  the  hands  of  the  Committee  on  Meetings  and  full  an- 
nouncement of  them  will  be  made  as  early  as  possible. 

The  cliief  interest  of  the  Annual  Meeting  will  un- 
doubtedly center  about  this  Thursday  session.  The  in- 
dividual papers  are  such  as  will  attract  attention  and 
a  large  attendance  is  expected  of  engineers  from  dif- 
ferent parts  of  the  country  wlio  are  interested  in  tliis 
rapidly  growing  phase  of  the  work  of  the  engineer. 

All  of  the  papers  for  the  Annual  Meeting  will  be 
published  in  pamphlet  form  in  advance  for  distribu- 
tion and  copies  of  anj'  or  all  of  them  will  be  sent  to 
members  prior  to  the  meeting  upon  request.  In  so  far 
as  possible  abstracts  to  be  presented  are  given  below 
and  it  may  be  assumed  that  the  list  is  practically  com- 
plete as  published,  ^vitll  the  exception  of  the  papers 
for  the  Public  Service  meeting.  The  papers  are  given 
in  the  order  in  wliich  they  appear  in  the  program. 


FLOOR  SURFACES  IN  FIREPROOF  BUILDINGS 
Br  Sanford  E.  Thompson 

No  one  type  of  floor  surface  is  adapted  to  all  conditions, 
and  having  selected  the  proper  type,  the  choosing  of  the 
materials  and  the  manner  of  the  construction  govern  to  a 
large  extent  the  durability  of  the  surface. 

It  is  the  purpose  of  the  paper  to  discuss  briefly  the  dif- 
ferent kinds  of  floor  surfaces;  indicate  the  types  of  construc- 
tion which  may  be  selected  under  different  conditions;  give 
approximate  costs  of  various  floor  surfaces;  describe  tests 
and  investigations  of  granolithic  construction  made  in  con- 
nection with  the  new  buildings  for  the  Massachusetts  Insti- 
tute of  Technology,  and  present  recommendations  for  grano- 
Uthic  construction. 

Summarizing  the  discussion  on  the  characteristics  of 
floors ; 

Granolithic.  As  ordinarily  laid  in  buildiiags,  granolithic 
or  concrete  surfaces  are  subject  to  dusting  and  imder  heavy 
trafTic,  such  as  trucking,  are  Hable  to  serious  wear.  On  the 
other  hand,  experience  with  first-class  construction  and  tests 
of  actual  floors  show  that  it  is  possible,  by  proper  selection 
of  the  aggregates  and  expert  workmanship,  to  reduce  the 
dusting  to  an  insignificant  amount  and  to  produce  a  surface 
hard  enough  to  stand  even  severe  wear. 

Granolithic  with  Ground  Surface.  Experimental  surfaces, 
together  with  laboratory  tests  made  as  a  check,  show  that  a 
pleasing  surface,  api)roaching  terrazzo  in  appearance  and 
fully  as  durable  under  foot  traffic,  can  be  obtained  by  plac- 
ing granolithic  with  scarcely  any  trowehng,  and  then  grind- 


ing the  surface  just  enough  to  expose  the  grains  of  sand  and 
stone. 

Linoleum.  The  hardness  characteristic  of  granolithic  fin- 
ish is  overcome  by  covering  the  surface  with  battleship 
linoleum. 

Hardwood  Floors.  Floors  of  maple,  birch,  beech,  oak  or 
long-leafed  Southern  pine,  are  used  most  largely  for  ofBces, 
class-rooms,  or  lecture  rooms,  and  in  many  of  the  older  col- 
leges for  laboratories  and  balls.  A  wood  surface,  however, 
is  not  usually  considered  entirely  satisfactory  either  in  gen- 
eral appearance  or  in  wearing  qualities. 

Terrazzo.  This  is  being  largely  used,  especially  in  the 
newer  olBee  buildings  and  in  institutions,  for  corridors  and 
halls.     It  is  also  a  satisfactory  material  for  laboratories. 

Marble  Mosaic.  Mosaic  consists  of  small  squares  of  mar- 
ble laid  on  the  cement  bed,  something  hke  teiTazzo. 

Magnesium  Composition.  When  laid  with  great  care, 
composition  is  satisfactory  and  durable  material.  Floors  six 
or  eight  years  old  have  been  examined  and  show  satisfactory 
wear. 

Essentials  of  Granolithic  Construction.  Aggregates  should 
contain  no  dust  but  should  consist  chiefly  of  particles  rang- 
ing from  Vis  in.  to  i/^  in.  in  size. 

Proportions  with  first-class  materials  should  be  one  part 
cement  to  two  parts  aggregate. 

This  mixture  should  be  of  such  consistency  that  it  will  not 
flow  but  will  hold  its  shape  in  a  j^ile  without  settling. 

A  perfect  bond  must  be  made  with  the  base  concrete  either 
by  laying  the  granoUthic  before  the  concrete  has  set,  or  else 
roughening  surface  and  providing  a  bond  of  neat  cement 
])aste. 

Laying  must  be  done  at  moderate  temperatures,  avoiding 
temperatures  below  50  deg.  fahr. 

Trowehng  should  be  thorough  but  no  excess  water  should 
be  brought  to  the  surface.  A  hard,  dense  surface  rather 
than  a  smooth,  glossy  surface  should  be  the  aim. 

The  surface  should  be  kept  wet  for  at  least  ten  days  to 
two  weeks  after  laying. 

REINFORCED-CONCRETE    FACTORY    BUILDINGS 
By  F.  W.  Dean 

This  paper  presents  the  advantages  of  the  use  of  rein- 
forced concrete  for  the  use  of  factory  buildings,  such  as  fire- 
resisting  quaUties,  great  window  area,  and  good  lighting,  and 
also  some  of  the  disadvantages.  It  also  points  out  that  reg- 
ular mill  construction  buildings  have  shown  their  fire-resist- 
ing qualities  when  properly  designed.  The  best  methods  of 
finishing  the  floors  are  discussed  and  also  the  appUcation  of 
wood  as  a  wearing  floor  above  the  concrete.  The  difficulties 
of  fastening  shafting  hangers  and  machinery  are  brought 
out  and  the  extra  cost  of  drafting  in  consequence  of  this,  as 
well  as  the  g^eat  care  required  in  making  provision  for 
everything  to  be  installed.  The  different  methods  of  con- 
structing floors  and  tlie  different  forms  of  ceihngs  are  taken 
up  and  also  the  relative  costs  of  concrete  and  regular  mill 
construction  buildings. 
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MEASURING  EFPICIENCY 
By  H.  L.  Gantt 

The  author  contends  that  the  attempt  of  the  accountant 
to  furnish  the  financier  with  easily  obtainable  measures  of 
eflBcieney  has  not  only  been  a  failure,  but  that  the  attempt 
to  use  as  measures  of  elTieiency  the  criteria  which  he  has 
provided  is  one  of  the  most  serious  causes  of  inefficiency 
witli  which  the  practical  manager  has  to  contend. 

Fortunately  for  industry  at  large,  the  first  fallacy,  namely 
that  it  is  necessary  to  have  low  wages  in  order  to  get  low 
costs,  is  rapidly  falling  into  disrejuite;  but  the  second,  name- 
ly, that  the  ratio  of  "  non  productive "  to  "  productive 
labor  "  as  a  measure  of  efficiency  is  still  strongly  and  ahnost 
universally  held  by  accountants  and  financiers.  This  fallacy, 
on  account  of  its  widespread  acceptance,  is  responsible  for 
more  inefficiency  than  almost  any  other  cause. 

Inasmuch  as  the  object  of  increasing  the  efficiency  of  an 
industrial  operation  is  to  reduce  the  cost  of  that  operation, 
the  only  real  measure  of  the  efficiency  with  which  the  opera- 
tion has  been  performed  is  found  in  the  effect  on  its  cost. 

The  only  reliable  indication,  then,  of  the  efficiency  of  a 
plant  is  furnished  by  the  detail  shop  cost  of  the  operations 
performed. 

Before  any  great  progress  in  the  solution  of  our  indus- 
trial problems  can  be  made,  the  two  fallacies  above  referred 
to  must  be  abandoned,  for  they  not  only  directly  hamper  the 
operating  executive  in  his  efforts  to  promote  efficiency,  but 
impose  upon  him  conditions  that  make  it  almost  impossible 
for  him  to  secure  the  proper  cooperation  of  his  employees, 
and  are  thus  indirectly  the  cause  of  much  of  our  industrial 
unrest. 

STANDARDIZATION  IN  THE   FACTORY 
By  C.  B.  Auel 

A  brief  outline  is  given  in  this  paper  of  the  ways  and 
means  employed  by  a  large  electrical  establishment  in  their 
work  of  standardization. 

Draivinys :  It  was  formerly  the  custom  to  make  all  draw- 
ings as  complete  and  self-contained  as  ])ossible.  Opposite 
each  item  a  note  was  placed  specifying  the  material  required 
to  manufacture  it.  When  drawings  for  new  apparatus  were 
made  and  any  of  the  old  parts  could  be  used,  these  jiarts 
were  shown  again  on  the  new  drawings  in  complete  detail, 
so  that  the  workmen  would  not  have  to  refer  to  any  other 
drawing.  Tliis  method  was  found  to  involve  more  and  more 
a  duplication  of  drafting  and  clerical  work  and  the  scheme 
of  making  elemental  drawings  with  one  jiiece  on  a  drawing 
w'as  next  considered;  but,  while  this  insured  accuracy  in 
duplication,  it  had  the  disadvantage  of  too  many  drawings 
to  handle.  A  compromise  arrangement  was  therefore 
adopted,  consisting  of  a  natural  grouping  of  pieces  or  parts 
on  a  single  drawing.  Each  piece  is  assigned  an  item  num- 
ber and  a  list  of  the  material  involved  is  located  conveni- 
ently on  the  drawing  arranged  nimierically  according  to  item 
numbers. 

Manufacturing  Information:  All  apparatus  and  parts  are 
built  to  so-called  manufacturing  information,  which  con- 
sists of  a  specification  setting  forth  the  drawings  to  be 
worked  to,  with  a  list  of  the  various  kinds  and  amounts  of 
material  required.     Copies  of  such  portions  of  these  speci- 


fications and  drawings  as  pertain  are  issued  to  all  depart- 
ments luning  work  to  do  in  connection  with  an  order,  and 
these  specifications  are  closed  when  the  order  is  completed. 

Specifications  and  Shop  Processes:  When  either  the  qual- 
ity or  the  importance  of  the  items  warrant,  specifications  are 
carefully  jjrepared  for  the  purchasing  and  the  inspection 
departments  who  use  them  in  the  purchase  and  the  subse- 
([uent  inspection  of  such  materials.  Another  equally  impor- 
tant line  of  work  consists  in  the  development  of  manufac- 
turing processes  and  formulae  which,  when  standardized, 
are  recorded  in  permanent  form  and  issued  to  the  various 
manufacturing  departments  involved.  In  this  way  uniform- 
ity in  product  is  assured,  there  is  no  needless  repetition  of 
lessons  or  experiences  pi'eviously  learned,  and  the  company 
is  made  independent  of  any  individual's  knowledge. 

Standardization:  Owing  to  the  obvious  need  for  having 
certain  standard  sizes  and  kinds  of  materials,  the  first  steps 
in  standardization  naturally  fell  to  the  drafting  department. 
Later  a  standards  division  of  the  engineering  departments 
and  a  Standards  Committee  were  created,  whose  functions 
are  the  standardization  of  existing  materials  and  parts.  The 
work  of  the  Standards  Committee  has  been  varied  in  the 
extreme,  such  matters  having  been  successfully  handled  as 
punched  circular  washers,  thumb  and  wing  nufs,  oil-hole  cov- 
ers and  hinges,  furniture,  anchor  holes  in  bearings,  wood 
handles,  sizes  of  tap  drills,  stresses  in  eye-bolts,  thickness  of 
babbitt  in  bearings,  liners,  trucks,  etc. 

Cutting  tools  have  been  standardized  as  well  as  die  and 
jig  parts,  die  shoes,  punches  and  punch  holders,  jiunch  and 
stripper  plates,  jig  boxes  and  bushings,  drill  press  shanks, 
etc.  Endeavor  has  been  made  to  place  on  working  drawings 
the  allowable  variations  from  drawing  dimensions  for  stand- 
ard parts. 

Allowances  for  Expense  Materials:  The  monthly  con- 
sumjjtion  of  various  expense  materials,  such  as  oils,  greases, 
waste,  incandescent  lamps,  janitor's  supplies,  etc.,  has  been 
estimated  for  the  individual  manufacturing  departments, 
based  on  normal  production.  From  these  investigations,  al- 
lowances have  been  set  on  each  item  and  a  deiiartment  is 
jiermitted  to  draw  from  the  storehouse  on  requisitions  up 
to  its  aUowance.  Anything  in  excess  must  first  receive  the 
approval  of  the  superintendent  of  the  department. 

Handling  Materials:  Attention  has  been  given  to  the  eco- 
nomical handling  of  the  smaller  materials  and  the  paper  de- 
scribes the  various  devices  employed — packing  of  small 
pieces  in  cloth  bags,  metal  tote  boxes  of  special  design,  etc. ; 
and  for  transportation,  the  use  of  trucks  of  various  types, 
especially  electric  storage  trucks. 

Safety  Methods:  Well-detined  steps  have  been  taken  for 
the  systematic  introduction  of  safety  methods  and  devices. 
A  supervisor  of  safety  appliances  was  appointed  and  a 
monthly  appropriation  issued  to  cover  the  cost.  No  new 
tools  are  erected  nor  old  tools  replaced  without  adequate 
safeguards,  by  which  means  dangerous  tools  or  equipment 
are  gradually  eliminated.  An  analysis  of  the  accidents  for 
the  past  year  shows  but  three-tenths  of  1  per  cent  to  have 
been  caused  by  the  absence  of  safeguards.  A  campaign  of 
education  is  conducted  to  reduce  accidents  due  to  careless- 
ness. 

Inactive  Materials:  All  stock  ledgers  are  regularly  scru- 
tinized by  the  storekeeping  department  and  slow-moving  or 
inactive  items  submitted  to  a  materials  disposition  depart- 
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meut  that  investigates  not  only  the  cause  of  the  inactivity 
but  at  the  same  time  endeavors  to  dispose  of  the  material 
to  the  best  advantage. 

OPERATION  OF  GRIXDIXG  WHEELS  IN  MACHINE 
GRINDING 

By  Geo.  I.  Alden,  Worcester,  Mass. 

Long  e.xjjeriente  in  the  use  of  grinding  wheels  has  devel- 
oped facts  in  regard  to  their  action  which,  however,  have 
been  stated  only  as  empirical  rules.  Such  rules  are  easUy 
forgotten  or  confused  by  operators  because  they  are  not  re- 
lated in  any  obvious  wa\-  to  any  known  principles  by  which 
results  may  be  predicted.  For  example,  what  is  the  effect 
upon  a  wheel  of  increasing  the  speed  of  work,  or  of  increas- 
ing the  diameter  of  the  work,  or  of  diminishing  the  diameter 
of  the  wheel? 

This  pai)er  gives  an  analj'sis  of  the  action  of  the  wheel 
when  in  operation.  It  shows  the  distinction  between  the  ra- 
dial or  real  depth  at  which  the  wheel  cuts  and  the  depth 
which  the  abrasive  grain  in  the  wheel  cuts  into  the  material 
being  ground.  This  latter  depth  is  termed  the  "  grain  depth 
of  cut,"  which  is  the  coutrolling  factor  in  securing  the  cor- 
rect working  of  the  wheel. 

When  a  grinding  wheel  is  working  properly,  the  abrasive 
grain  of  the  wheel  may  be  considered  as  cutting  small  chips 
from  the  work,  and  the  surface  of  the  work  as  cutting  or 
wearing  away  the  bond  of  the  wheel.  It  is  quite  evident  that 
the  greater  the  grain  depth  of  cut,  the  more  effective  will  be 
the  action  of  the  work  upon  the  bond  of  the  wheel.  So  long 
as  the  bond  is  being  worn  away  just  as  fast  as  the  abrasive 
grains  of  the  wheel  are  being  worn  down,  the  wheel  will  con- 
tinue to  work  well.  If  the  bond  is  cut  away  too  rapidly,  the 
wheel  will  appear  too  soft,  and  will  wear  away  too  rapidly. 
If  the  cutting  grains  wear  down  faster  than  the  bond  is  cut 
or  worn  away,  the  face  of  the  wheel  will  become  glossy,  and 
the  wheel  will  not  cut  freely.  These  considerations  lead  di- 
rectly to  the  conclusion  that  the  action  of  a  given  wheel  on 
a  given  kind  of  work  is  almost  entirely  dependent  upon  the 
grain  depth  of  cut.  If  the  grain  depth  is  too  great,  the 
wheel  wears  away  too  rapidly.  If  the  grain  depth  is  too 
small,  the  wheel  may  glaze.  It  is  therefore  important  to 
know  how  the  grain  depth  of  cut  may  be  regulated.  Fur- 
ther analysis  in  the  paper  leads  to  the  following  conclusions : 
a  Other  factors  remaining  constant,  increase  of  work 
speed  increases  grain  depth  of  cut,  and  makes  a 
wheel  appear  softer 
h     Similarly,  a  decrease  of  wheel  speed  increases  grain 

depth  of  cut 
c     Similarly,  diminishing  the  diameter  of  the  grinding 
wheel  increases  grain  depth  of  cut,  and  increas- 
ing the  diameter  of  the  wheel   decreases  grain 
depth  of  cut 
d     Similarly,  making  the  diameter  of  work  smaller  in- 
creases grain  depth  of  cut.     Conversely,  making 
the  diameter  of  work  larger  makes  grain  depth 
of  cut  smaller 
In  applying  the  principle  that  grain  depth  of  cut  is  the 
main  factor,  the  coiTect  relative  speeds  of  work  and  of  wheel 
must  be   found   by  trial   for  each  wheel  and   each  kind   of 
work.     W^hen   this   has  been  done,  thg  principle  of  grain 
depth  of  cut  will  enable  one  to  know  the  direction  in  which 
to  make  the  changes  of  work  speed  or  wheel  speed,  to  adapt 


the  wheel  to  changes  in  its  own  diameter,  or  to  other  sizes 
of  the  same  kind  of  work. 

In  the  foregoing  it  is  assumed  that  the  object  of  grinding 
is  to  remove  stock  rapidly.  Often,  however,  the  character 
or  finish  of  a  ground  surface  is  of  primarj-  importance. 
Fiom  the  point  of  view  of  grain  depth  of  cut,  a  smooth  sur- 
face by  grinding  would  be  obtained  if  the  grain  depth  of 
cut  were  very  small,  and  therefore  the  work  speed  should  be 
relatively  slower  for  finishing  than  for  roughing.  That  the 
bond  may  be  worn  away  by  a  very  small  grain  depth  of  cut, 
a  softer  wheel  would  be  used  for  fine  finishing  than  for 
roughing.  A  very  hard  glazed  wheel  may  sometimes  pro- 
duce a  miiTor-like  surface  on  the  work;  the  action  in  this 
case  being  a  sort  of  burnishing  process. 

The  paper  conehides  with  the  derivation  and  application 
of  a  formula  for  the  grain  depth  of  cut.  Several  examples 
are  worked  out  and  a  table  of  arcs  of  contact  of  wheel  and 
work  for  a  limited  range  of  diameters  is  given,  also  a  table 
of  values  of  one  of  the  factors  in  the  formula  for  grain 
depth  of  cut. 

FRICTION  LOSSES  IN  THE  UNIVERSAL  .JOINT 
By  p.  F.  Walker  .\xd  W.  J.  M.'^lcolmso.n- 

For  three  years  two  standard  makes  of  universal  joints 
of  the  type  employed  in  automobile  transmission  mechanism 
have  been  under  investigation  in  the  laboratorj-  of  the  Me- 
chanical Engineering  Department  of  the  University  of  Kan- 
sas. Each  joint  has  been  operated  through  a  wide  range  of 
loads  and  at  several  speeds  common  in  automobile  service. 
The  purpose  has  been  to  determine  the  loss  due  to  friction 
in  the  joint  under  these  varying  loads  and  speeds  and  for 
all  angles  of  deflection  between  the  shafts  up  to  the  maxi- 
mum for  which  the  joints  were  designed.  In  all  the  tests 
two  joints  have  been  used,  connected  by  a  short  intermediate 
shaft,  so  that  power  was  transmitted  from  the  shaft  of  one 
machine  to  the  shaft  of  the  second,  which  was  always  held 
in  a  line  jiarallel  to  the  first. 

Account  has  been  taken  of  the  differences  in  operating 
conditions  when  the  forks  of  the  two  joints  connected  to  this 
intermediate  shaft  were  assembled  wdth  the  axes  in  the  same 
plane  and  when  assembled  with  the  axes  at  90  deg.  Refer- 
ence to  the  curves  showing  friction  loss  and  efficiencj'  reveals 
the  fact  that  the  loss  with  the  forks  at  90  deg.  is  practically 
double  that  found  with  the  forks  in  the  same  plane. 

Average  results  are  presented  in  the  form  of  curves  re])- 
resenting  actual  loss  in  the  joint,  and  from  these  correspond- 
ing efficiency  curves  are  derived.  For  speeds  from  650  to 
100  r.p.m.  and  for  loads  above  ^4  of  that  for  which  the 
joints  were  designed,  the  etTiciencies  are  high  and  practically 
constant  for  each  angle  of  deflection.  These  values  for  the 
maximum  angles  and  speeds  never  falls  below  9.5  per  cent. 
The  losses  being  practically  constant  when  expressed  as  per- 
centages of  load  indicates  a  constant  coefficient  of  friction 
on  the  journals  of  the  joint  forks,  which  would  be  expected 
under  conditions  of  uniformity  in  lubrication  within  the 
limits  of  bearing  pressure  appropriate  to  the  lubricant  used. 

STEAM   LOCOMOTIVES    OF    TODAY 

Report  op  the  Sub-Committee  on  Railroads 

The  first  consistent  and  systematic  plan  to  secure  the  ut- 
most power  of  locomotives  within  given  restrictions  of  weight 
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and  cross-section  clearance  ^yas  inaugurated  20  years  ago. 
This  plan  began  with  an  eight-wheel  or  American  type  pas- 
senger locomotive,  built  for  an  eastern  railroad  in  January 
1895.  This  locomotive  weighed  ll(),(l()l)  lb.,  with  74,500  lb. 
on  driving  wheels.  It  provided  a  tractive  ellort  of  21,290  lb. 
While  this  locomotive  was  not  the  most  powerful  in  passen- 
ger service  at  that  time,  it  was  the  iirst  of  a  chain  of  passen- 
ger locomotives  leading  in  a  connected  series,  by  the  same 
builders,  up  to  and  including  recent  designs  of  the  Mountain 
type,  representing  the  largest  passenger  type  of  present 
practice.  This  type  has  four-wheel  leading  trucks,  eight 
driving  wheels  and  two  trailing  wheels.  The  hirgest  of  the 
Mountain  type  weighs  331,500  lb.  with  240,000  lb.  on  driving 
wheels  and  produces  a  tractive  effort  of  58,000  lb.,  or  about 
three  times  the  tractive  effort  of  the  first  design  of  the  series 
built  during  a  period  of  20  years. 

In  the  year  1898  the  engineering  and  railroad  world  was 
interested  by  the  appearance  of  the  largest  and  most  power- 
ful locomotive  built  up  to  that  time.  This  was  of  the  Con- 
solidation type  with  a  two-wheel  leading  truck  and  eight 
driving  wheels.  Tliis  locomotive  was  built  in  Pittsburgh 
and  for  a  number  of  years  was  the  largest  and  most  power- 
ful of  its  type,  and  the  largest  and  most  powerful  loco- 
motive in  the  world.  Its  total  weight  is  330,000  lb.,  weight 
on  drivers  208,000  lb.  and  tractive  effort  53,300  lb. 

Today  the  most  powerful  freight  locomotive  has  two 
leading  and  two  trailing  wheels  and  24  driving  wheels.  It 
gives  a  tractive  effort  of  160,000  lb.  and  weighs  410  tons. 
This  locomotive  has  hauled  a  train  of  251  freight  ears  weigh- 
ing 17,912  tons,  e.elusive  of  the  locomotive.  The  total  length 
of  the  train  was  1.6  miles,  the  maximum  speed  attained  was 
14  miles  per  hour.  This  required  a  maximum  drawbar  pull 
of  130,000  lb.  This  locomotive  has  six  cylinders  and  three 
groups  of  driving  wheels. 

Valuable  comparisons  in  eflScieney  may  be  drawn  from  the 
best  results  of  ten  years  ago  and  of  to-day.  At  the  Louisiana 
Purchase  Exposition  in  1904  was  shown  to  be  jiossible  to 
obtain  equivalent  evaporation  from  and  at  212  deg.  of  16.4 
lb.  of  water  per  sq.  ft.  of  heating  surface,  indicating  the 
power  of  locomotive  boilers  when  forced.  It  was  shown  that 
when  the  power  was  low,  the  evaporation  per  pound  of  coal 
was  between  10  and  12  lb.,  whereas  the  evaporation  declined 
to  approximately  two-thirds  of  these  values  when  the  boiler 
was  forced.  These  results  compared  favorably  with  those 
obtained  in  good  stationary  practice,  whereas  the  rate  of 
evajioration  in  stationaiy  practice  lies  usually  from  4  to  7  lb. 
of  water  per  ft.  of  heating  surface  per  hour.  In  steam  con- 
sumption the  St.  Louis  tests  showed  a  minimum  of  16.6  lb.  of 
steam  per  i.h.p.  per  lir.  In  coal  economy  the  lowest  figure 
was  2.01  lb.  of  coal  per  i.h.p.,  the  minimum  tigure  for  coal 
per  dynamometer  h.p.  was  2.14  lb.  These  records  were  made 
after  the  superheater  had  become  a  factor  in  locomotive  prac- 
tice and  they  represent  economies  attained  by  aid  of  the 
superheater  in  one  of  its  early  applications.  This  is  impor- 
tant in  the  light  of  the  recent  development  of  the  superheater. 
Voluminous  records  of  recent  investigations  of  locomotive 
performance  taken  from  the  Pennsylvania  Railroad  test  plant 
at  Altoona  show  that  the  best  record  of  dry  fuel  per  i.h.p. -hr. 
down  to  the  present  date  is  1.8  lb.  with  a  large  number  of 
less  than  2  lb.,  while  the  best  performance  in  dry  steam  per 
i.h.p.-hr.  is  14.6  lb.  with  a  large  number  less  than  16  11).  A 
reduction  of  10  per  cent  in  fuel  and  12  per  cent  in  water  is 


remarkable  as  a  result  of  a  development  of  10  years.  This 
coal  performance  was  recorded  by  a  Class  E  6  S  Pennsyl- 
vania Ixailroad  locomotive  while  ninning  at  320  r.p.m.  and 
developing  1245.1  i.h.p.  The  same  locomotive  gave  a  fuel 
rate  of  1.9  lb.  while  running  at  the  same  speed  and  develop- 
ing 1750.9  i.h.p.  The  best  water  rate  was  given  by  Class 
K  2  S  A  Pennsylvania  Railroad  locomotive  while  running  at 
320  r.p.m.  and  developing  2033.1  i.h.p.  These  high  powers 
indicate  that  the  locomotives  were  not  coddled  as  to  output 
of  power  in  ord('r  to  show  high  efficiencies,  but  that  high 
efficiencies  accompany  actual  conditions  of  operation  in  se- 
vere service.  As  to  power  capacity  expressed  in  tei-ms  of 
evaporation,  it  is  interesting  to  note  that  the  maximum 
equivalent  evaporation  from  and  at  212  deg.  per  sq.  ft.  of 
heating  surface  per  hour  on  the  Altoona  test  plant  is  23.3  lb. 

FACTORS    IN    HARDENING    TOOL    STEEL 
By  John  A.  Mathews  and  Howard  J.  Stagg 

The  i>aper  is  devoted  primarily  to  the  practical  side  of  the 
art  of  hardening  and  temjjering  tool  steel,  carbon  steels 
being  considered  in  the  rtrst  place  (0.60  to  1.50  per  cent 
carbon). 

The  authors  explain  at  some  length  the  structural  varia- 
tions of  steels  as  a  function  of  carbon  content  and  tem- 
perature, as  well  as  tlie  influence  of  the  critical  ranges  of 
temperature  on  the  jiroperties  of  steel,  with  particular  at- 
tention to  volume  changes  (variation  of  expansion  with  tem- 
perature). In  ease  of  overheating,  the  first  cooled  portion  is. 
hardened  first,  forming  an  unyielding  shell,  and  a  strain  is; 
set  up  by  the  slower  cooling  interior  which  may  lead  to 
cracks  and  ruptures. 

Time  of  Healing:  I'he  time  of  heating  is  of  extreme  im- 
portance for  the  strength  of  the  piece :  if  the  heating  is  too 
fast,  the  temperature  through  the  piece  is  not  uniform,  while 
long  heating  leads  to  the  formation  of  abnormal  size  of  grain 
and  weakness  of  the  metal.  A  very  bad  practice  is  quick 
heating  in  a  furnace  which  is  considerably  hotter  than  the 
correct  hardening  temperature. 

Speed  of  Quenching :  The  metal  must  be  cooled  quickly, 
so  as  to  obtain  martensite,  which  is  the  correct  constituent  of 
hardened  steel.  The  authors  illustrate  the  influence  of 
quenching  by  two  examples  which  are  not  however  tool 
steels,  and  after  mentioning,  according  to  Benedicks,  the  con- 
ditions which  a  liquid  must  have  to  exhibit  a  good  quenching 
jiower,  proceed  to  rejiort  their  own  tests  of  various  quench- 
ing media  which  included  pure  water,  brine  solutions,  and 
various  oils.  The  results  obtained  are  expressed  in  the  fomi 
of  curves. 

Hardness  as  Affected  by  Mass:  Tests  have  also  been  made 
to  determine  the  relation  between  hardness  after  quenching 
and  mass,  in  the  course  of  wliich  it  was  found  that  the 
smaller  the  sample,  the  greater  the  hardness;  and  the  larger 
the  mass,  the  smaller  the  depth  of  hardness  when  (juenched 
under  similar  conditions.  In  order  to  produce  the  same  de- 
gree of  hardness  in  a  small  and  large  section,  it  is  necessary 
to  heat  the  large  section  hotter  than  the  small  one. 

Time  and:  Degree  of  Drawing  Temper:  It  is  preferable  in 
large  or  intricate  pieces  to  draw  the  temjjer  immediately 
after  hardening.  The  decrease  of  hardness  on  tempering  is 
theoretically  explained  and  illustrated  by  data  obtained  by 
Professor  Heyn,  while  for  the  effect  of  tim?  on  drawing  the 
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temper  the  authors  present  data  of  their  own  tests  which 
show  that  time  at  the  drawing  temperature  has  a  marked 
effect,  the  general  effect  oi"  drawing  the  temper  being  the 
more  marked,  the  greater  the  initial  hardness  of  the  jiiece. 
The  effect  of  repeated  quenching  on  the  shape  of  steel  was 
studied  by  means  of  several  hundred  experiments  and  sev- 
eral thousand  measurements  (on  crucible  steel).  There  are 
four  possible  changes  in  shape  (length  and  diameter)  in  a 
cylinder  through  expansion  and  contraction  and  under  varia- 
ble conditions  all  four  were  actually  produced.  Many  differ- 
ent results  were  obtained,  as  where  a  steel  expanded  in 
length  on  first  hardening,  and  contracted  indefinitely  there- 
after on  repeated  hardenings,  while  another  steel  expanded 
in  length  on  two  hardenings  and  contracted  on  the  nest  two. 
It  was  generally  found  that  variable  conditions  gave  variable 
results,  wliich  showed  the  vital  importance  of  the  steel  fur- 
nished being  unifonn,  chemically  and  physically.  The  au- 
thors conclude  by  a  brief  discussion  of  the  qualifications  of 
furnaces  used  for  heating. 

THE  STANDARDIZATION  OP  CHILLED  lEON 
CRANE    WHEELS 

By  F.  K.  Vial,  Chicago,  III. 

In  the  earlier  stages  of  crane  construction,  wheels  of  the 
general  design  used  in  railroad  service  were  adapted  to  crane 
service  by  adding  a  second  flange  of  about  the  same  section 
as  that  of  a  railroad  wheel.  This  practice  worked  very  well 
as  long  as  the  wheel  loads  did  not  exceed  those  used  in  rail- 
way service.  In  the  heavy  tj^^es  of  bridge  cranes,  however, 
concentrated  wheel  loads  five  times  as  great  as  occur  in  rail- 
road service  are  required  to  secure  the  greatest  economy. 
The  most  common  troubles  with  crane  wheels  are: 

a     Wheels  becoming  out  of  round  on  account  of  un- 
equal wear 
h     Breaking  down  of  metal  on  account  of  loads  ex- 
ceeding its  bearing  power 
c     Distortion  and  binding  of  flanges  on  account  of  ir- 
regularity in  gage  of  track 
d     These   defects    in    wheels    produce    heavy   strains 
throughout    the   structure,    including    worn    and 
broken  propelling  gears 
All  of  these  defects  are  not  only  annoying,  but  expensive 
on  account  of  the  interruption  of  service  of  important  ma- 
chinery. 

The  Griffin  Wheel  Company  has  undertaken  an  investiga- 
tion into  these  various  phases  by  testing  to  destruction  a 
large  number  of  full  size  wheels  of  various  designs  in  the 
R.  W.  Hunt  &  Company's  300,000-lb.  Riehle  testing  machine. 
Use  was  also  made  of  a  considerable  number  of  tests  made 
at  Purdue  University  and  at  the  University  of  Illinois. 

Bearinii  Power  of  Chilled  Iron  on  Steel  Rails.  The  ver- 
tical load  to  be  canned  on  any  wheel  is  not  limited  by  the 
capacity  of  the  wheel,  but  by  the  carrying  capacity  of  the 
rail.  The  bearing  power  of  chilled  iron  is  far  in  excess  of 
that  of  a  steel  rail,  and,  therefore,  may  be  neglected  when 
considering  maximum  vertical  loads. 

The  tests  show  that  under  like  loads,  the  doi)ression  in  the 
rail  is  inversely  as  the  diameter  of  the  wheel.  The  larger 
diameter  of  wheel  makes  a  larger  area  of  contact,  which  re- 
duces the  pressure  per  square  inch. 

Analysis    of    the    Carr;iing    Capacity    of    Various    Bails. 


Tables  are  given  to  show  that  on  a  new  A.  S.  C.  E.  rail  the 
safe  maximum  limiting  load  for  a  12-in.  wheel  is  23,000  lb., 
and  for  a  33-in.  wheel,  38,150  lb.  If  the  top  of  the  rail  is 
flat,  2  in.  wide,  the  limiting  load  on  12-in.  wheels  is  78,300  lb. 
and  on  33-in.  wheels,  130,000  lb. 

Relation  of  Diameter  of  Wheel  to  Traction.  The  power 
required  for  locomotion  decreases  as  the  diameter  of  wheel 
increases. 

A  24-in.  wheel  requires  25  per  cent  more  power  than  a 
33-in.  wheel. 

A  16-in.  wheel  requires  68  per  cent  more  power  than  a 
33-iu.  wheel. 

Relation  of  Diameter  of  Wheel  to  Flange  Strength.  The 
strength  of  flanges  increases  with  the  increase  in  diameter  of 
wheel.  With  the  same  dimensions  of  flange  and  tread,  the 
flange  on  a  33-in.  wheel  is  from  26  per  cent  to  34  per  cent 
stronger  than  the  flange  on  a  24:-in.  wheel  and  from  62  per 
cent  to  92  per  cent  stronger  than  the  flange  on  a  16-in.  wheel. 

Relation  of  Flange  Thickness  and  Tread  Thickness  to 
Flaiifie  Strength.  The  tests  show  that  the  relation  of  flange 
thickness  to  tread  thickness  for  crane  wheels  should  be  as 
two  is  to  three.  Assuming  the  strength  of  a  flange  1^4  in. 
thick  and  tread  thickness  of  lyg  in.  as  100,  a  flange  having 
a  thickness  of  1%  in.  and  tread  thickness  of  2%  in.  would 
be  200.  In  other  words,  every  Vg  in.  added  to  flange  thick- 
ness with  the  relative  increase  in  tread  thickness  increases 
the  flange  strength  25  per  cent.  Chilled  iron  flanges  were 
tested  to  above  1,000,000  lb.  horizontal  pressure  without 
breaking. 

Standard  Design  for  Crane  Wheels.  Various  designs  of 
12  in.  to  36  in.  double  flange  wheels  were  made,  giving  the 
maximum  safe  vertical  load  and  the  maximum  safe  flange 
pressure  for  each  design.  Full  details  of  each  wheel  are 
shown  in  the  pamphlet. 

THE   MECHANICAL   ELIMINATION   OF    SEAMS    IN 
STEEL  PRODUCTS,  NOTABLY   STEEL  RAILS 

By  Robert  W.  Hunt 

Increased  weight  of  rolUng  stock  and  speed  of  traffic  have 
led  to  increase  in  size  of  rail  sections,  requiring  changes  in 
the  detail  of  rail  manufacture.  Under  these  conditions  it  is 
not  surjirising  that  new  and  unexpected  physical  weaknesses 
should  develop  in  the  heavier  rails.  One  of  the  chief  troubles 
has  been  failures  through  crescent-shaped  pieces  breaking  out 
of  the  rail  flanges,  followed  by  at  least  one,  and  in  many 
cases  several,  ruptures  across  the  whole  section  of  the  rail. 
Investigation  shows  that  in  practically  every  instance  of 
such  failure  there  was  a  more  or  less  pronounced  seam  nm- 
ning  longitudinally  in  tiie  bottom  of  the  rail  near  its  center. 
This  seam  occurs  at  the  top  of  the  curve  of  the  crescent- 
sluiped  break  and  is  undoubtedly  the  jioint  at  which  the 
fractui'e  starts. 

As  a  result  of  an  investigation  of  the  subject,  T.  H. 
Mathias,  assistant  general  superintendent  of  the  Lackawanna 
Steel  Company,  determined  that  the  most  certain  way  of 
getting  rid  of  seams  was  to  remove  that  portion  of  the  metal 
which  contained  them.  He  reasoned  that  the  primary  causes 
of  seams  existed  in  the  ingots  and  probably  were  incident  to 
the  casting  of  the  ingots.  The  surfaces  of  ingots  display 
disk-like  apertures,  due  to  entrapped  air,  which  in  rolling 
could   easilv   be   elongated   into   dangerous   seams.     It   was 
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demonstrated,  also,  that  the  surfaces  of  the  ingots  are  de- 
carburized  to  the  extent  of  eight  to  ten  points  carbon  and  to 
a  de2)th  of  '/^,.  in.,  which  must  bo  detrimental  to  the  finished 
product. 

The  removal  of  the  surface  metal  is  effected  by  a  hot  saw- 
ing, or  milling  operation  during  the  process  of  rolling.  The 
ingot  is  fii'st  reduced  to  a  point  where  the  product  is  75  per 
cent  finished,  in  the  form  of  a  partially  shaped  bar  60  ft. 
long,  when  it  is  entered  between  two  pinch  rolls  with  the 
flange  side  up  and  forced  between  two  milling  saws.  A 
second  set  of  rolls  pulls  on  the  bar  and  aids  in  holding  it  in 
line  for  the  milling  operation.  The  milling  saws  are  5  ft.  in 
diameter  with  an  8-in.  face  and  revolve  at  a  peripheral  speed 
of  2500  ft.  per  min.  Metal  is  removed  from  the  top  and 
bottom  of  the  bar,  the  main  object  being  to  eliminate  the 
seams  from  the  central  portion  of  the  bottom  of  the  rail 
which  has  been  the  starting  point  of  the  moon-shaped  fail- 
ures, and  from  the  top  or  bearing  surface  of  the  head  of  the 
rail. 

A  RATE-FLOW  METER 
By  H.  C.  Hayks,  Cambridge,  Mass. 

The  meter  described  is  designed  to  be  used  for  recording  a 
variable  flow  of  water,  such  as  boiler  feedwater,  where  there 
are  sudden  fluctuations  in  velocity  head,  large  changes  in 
temperature,  and  where  low  rates  of  flow  have  to  be  recorded. 
The  meter  operates  through  the  relation  which  exists  be- 
tween the  velocity  of  a  moving  fluid  and  the  change  of  pres- 
sure in  a  direction  perpendicular  to  the  direction  of  flow. 

The  author  discusses  several  constructions  which  might  be 
given  to  a  meter  working  on  this  principle.  If  the  conduit 
is  bent  in  a  circular  arc,  the  meter  will  work  well  for  meas- 
uring large  values  of  velocity,  but  will  not  be  sensitive  enough 
for  feedwater  purposes.  Should  the  conduit  be  shaped  so 
that  a  vortex  is  formed,  a  sensitive  meter  may  be  constinicted 
so  as  not  to  be  greatly  affected  by  fluctuations  in  pressure, 
for  the  inertia  of  the  vortical  mass  will  serve  to  steady  the 
gage  readings  much  as  a  flywheel  does  the  motion  of  an  en- 
gine. The  sensitiveness  of  the  meter  can  be  changed  by  mov- 
ing the  low-pressure  vent  along  a  radius  of  the  vortex,  and 
the  author  shows  that  the  meter  can  be  made  to  give  in  this 
way  correct  results  for  any  particular  temperature,  so  that 
the  meter  would  be  self -compensating,  within  certain  limits, 
through  causing  the  low-pressure  vent  to  be  moved  by  an 
unequal  expansion  arrangement.  The  possibility  of  doiug 
that  is  proved  analytically. 

To  test  the  correctness  of  theory,  two  models  were  con- 
structed and  tested.  The  first,  constructed  for  the  purjjose 
of  determining  the  variation  of  pressure  along  an  element  of 
surface  of  the  vortex  and  along  the  axis,  has  shown  that  the 
first  is  jiractieally  constant  until  the  outlet  of  the  chamber 
is  nearly  reached,  and  that  the  second  is  about  constant  until 
the  top  is  closely  approached,  which  indicated  that  the  vents 
do  not  need  to  be  placed  with  great  accuracy  if  they  are 
located  in  a  certain  way,  and  that  the  meter  readings  will 
not  be  greatly  influenced  by  a  slight  distortion  of  the  enter- 
ing stream  Hues. 

The  second  model  was  designed  to  give  a  linear  flow  in  the 
outlet,  and  to  allow  the  low-pressure  vent  to  be  moved  in  a 
radial  direction ;  there  being  provided,  in  addition  to  the  vor- 
tex chamber,  a  second  chamber  which  the  water  enters  from 
the  vortex  chamber  with  a  whirling  motion,  and  leaves  tan- 


gentially.  The  author  made  a  series  of  tests  with  this  model, 
and  found,  among  other  things,  that  the  loss  of  head  with 
the  vortex  meter  in  the  model  is  greater  than  with  the  ven- 
turi  meter,  but  the  former  is  S'/a  times  as  sensitive  as  the  lat- 
ter. By  means  of  a  cahbration  curve  he  found  an  equation 
connecting  the  meter  head  with  tiie  velocity,  the  former  be- 
ing proportional  to  a  higher  power  of  the  latter  than  the 
square,  and  also  found  an  expression  for  the  ratio  of  meter 
head  over  loss  of  head  through  the  meter  in  terms  of  velocity. 
Further  tests  have  shown  that  the  error  introduced  by  chang- 
ing temperature  is  proportional  to  the  temperatui-e  change, 
and  that  a  slight  motion  of  the  thumb-screw,  such  as  can 
easily  be  given  to  it  by  an  unequal  e.v;pansion  an-angement, 
will  suffice  to  give  correct  results  at  all  temperatures.  He 
describes  such  an  arrangement  of  two  elements  made  of  in- 
var steel  and  zinc  respectively. 

'I'he  recording  device  proposed  by  the  author  is  described 
and  the  mathematical  principles  underlying  its  operation 
presented. 

A  NKW  VOLUME  REGULATOR  FOR  AIR 
COMPRESSORS 

By  Ragnar  Wikander 

After  a  review  of  the  previously  existing  types  of  volume 
regulators  or  "  unloaders,"  the  author  explains  the  basic 
principle  and  method  of  operation  of  the  new  device,  which 
i-egulates  the  amount  of  intake  air  for  air  compressors  with 
automatic  or  poppet  type  of  valves. 

In  order  to  decrease  the  amount  of  intake  air,  the  suction 
valves  are  kept  open  by  force  during  a  part  of  each  dis- 
charge period,  thereby  allowing  a  part  of  the  air  which  has 
been  drawn  into  the  cylinder  during  the  suction  period  to 
return  through  the  valves,  and  close  as  soon  as  the  amount 
of  intake  air  remaining  in  the  cylinder  has  decreased  so  as 
to  correspond  to  the  amount  of  compressed  air  required  at 
the  time. 

The  method  whereby  the  closing  of  the  automatic  valves 
at  an  adjustable  point  during  the  return  flow  of  the  air  or 
gas  is  effected,  consists  simply  in  a  very  gradual  regulation 
of  the  force  holding  the  valves  open  against  the  pressure 
exerted  by  their  springs. 

The  return  flow  of  the  elastic  fluid  through  the  valves  pro- 
duces a  pressure  tending  to  close  them  and  this  pressure  con- 
stantly increases  until  the  piston  has  reached  the  end  of  its 
stroke,  or  very  nearly  so.  The  valve  will  close  at  the  point 
where  this  jiressure,  supported  by  the  pressure  of  the  valve 
springs,  balances  and  overcomes  the  force  applied  for  the 
purpose  of  regulation. 

The  application  of  this  regulator  to  a  standard  Hall  air 
i-omiiressor  is  illustrated  and  indicator  diagrams  show  the 
working  of  the  device.  The  advantages  obtained  by  applica- 
tion to  natural  gas  compressors  are  also  explained. 

THE  CLINKERING  OF  COAL 

By  Lioxel  S.  Mahk.s 

There  is  a  growing  feeling  that  the  matter  of  clinkering 
ought  to  be  taken  care  of  when  making  contracts  for  coal 
and  it  is  frequently  suggested  that  specifications  ought  to 
include  the  melting  temjieratures  of  the  ash  as  indicating 
the  clinkering  characteristics  of  the  coal.  A  number  of  in- 
vestigators have  been  working  on  this  subject  and  it  is  in 


.SOCIETY     AFFAIRS 


the  li()])c  of  brinfjing  out  such  information  as  is  available 
that  this  i)aper  is  presented. 

The  principal  difficulty  in  the  determinations  of  the  melt- 
ing temi)erature  of  an  ash,  is  iii  the  definition  of  melting 
temperature.  An  ash  is  usually  composed  of  a  number  of 
constituents  of  different  fusibilities  and  viscosities.  The 
only  method  tliat  seems  to  be  available  for  measuring  both 
melting  temi)erature  and  viscosity,  is  the  Seger  cone  metliod, 
or  some  modification  of  it.  It  is  a  rough  method  of  measur- 
ing the  tcnii)erature  at  which  the  ash  readies  a  standard  vis- 
cosity. The  method  fails  if  the  most  fusible  constituents  of 
the  ash  are  \ery  fluid,  as  a  skeleton  of  the  c(;ne  may  be  left 
standing  long  after  its  more  fusible  constituents  are  quite 
fluid.  If  the  cone  is  placed  horizontally  projecting  over  the 
edge  of  its  support,  the  indications  are  more  satisfactory, 
though  still  far  from  perfect. 

The  Sogci-  cone  metliod  as  canned  out  in  various  labora- 
tories, yic'Ids  results  which  are  extremely  variable.  A  tabu- 
lation of  such  results  shows  an  extreme  variation  of  as  much 
as  700  deg.  fahr.  between  different  laboratories.  An  inves- 
tigation of  the  causes  of  this  variation  shows  that  the  most 
imjiortant  factors  arc  the  kind  of  atmospJiere  and  the  rate 
of  lieating.  If  the  melting  takes  place  in  a  reducing  atmos- 
phere, the  observed  temperatures  will  be  from  250  to  450 
deg.  fahr.  higher  than  in  an  oxidizing  atmosjihere.  The  rate 
of  heating  the  cone  has  a  marked  effect  on  the  apparent  fus- 
ing temperature,  when  a  thermo-electric  jiyrometer  is  used. 

Laboratory  tests  of  coal  ash  by  the  method  Anally  adojited 
by  the  writer  when  compared  with  the  clinkering  results  ac- 
tually observed  when  burning  ten  different  coals  under  nor- 
mal jiower  house  conditions,  show  a  general  relation  between 
the  two,  but  not  definite  enough  to  be  reliable. 

A  further  indication  obtained  from  the  ash  tests  seems  to 
be  of  valu(!  when  combined  with  melting  temperature  obser- 
vations. This  indication  is  the  appearance  of  the  melted 
cone;  and  the  range  of  temjoeratures  between  initial  and  fijial 
tending  of  the  cone.  The  coals  which  gave  most  trouble 
were  also  those  of  which  the  ash  cones  showed  a  very  Kquid 
constituent  and  a  small  range  of  temperatures  between  ini- 
tial and  final  bending.  For  the  particular  boiler  plant  in- 
\'estigated,  it  would  seem  that  an  ash  with  a  fusing  tempera- 
ture below  2.')50  deg.  fahr.  will  probably  give  trouble  if  the 
ash  cone  shows  a  fusible  constituent ;  whereas  it  will  not  give 
trouble  with  a  fusing  temperature  above  2515  deg.  fahr.  if 
the  ash  is  viscous. 

PHYSICAL  LAWS  OF  METHANE  GAS 

By  P.  F.  Walker 

Methane  is  the  leading  element  in  natural  gas  from  the 
mid-continental  field  and  its  behavior  is  essentially  that  of 
the  gas  as  handled  in  the  pipe  lines.  The  paper  starts  with 
data  which  show  values  of  PV  as  a  product,  and  of  specific 
heat.  From  these  data  are  derived  equations  for  isothermal, 
P-constant,  F-constant,  and  adiabatic  curves,  all  showing 
consistent  variations  from  the  standard  equations  for  per- 
fect gases.  It  is  shown  that  in  certain  calculations  these 
variations  from  the  perfect  gas  laws  are  siiCficient  to  cause 
significant  errors  in  computation  of  equi\alent  volumes  of 
gas  as  handled  on  a  commercial  scale.  It  is  jiointed  out  tliat 
the  inadequacy  of  data  of  a  fundamental  sort  and  conflict- 
ing statements  of  various  authorities  as  to  specific  lieat, 
iBiake  necessary  more  extensive  investigations  on  the  non- 


])erfect  gases  before  the  work  can  be  extended  to  give  posi- 
tive correction  factors  to  use  in  practice. 

LAHOKATORY  FOR  INVESTIGATING  AND  TESTING 
LR^UID  FLOW  METERS  OF  LARGE   CAPACITY 

By  W.  S.  Giele 

The  paper  develops  a  general  method  for  testing  and 
calibrating  liquid  flow  meters  by  means  of  direct  comparison 
of  like  quantities  as  volumes,  inches  of  water  head,  and 
rates  per  unit  time,  and  describes  in  detail  the  construction 
of  a  lalioratory  for  conducting  experiments  by  this  method. 

The  main  ])ortion  of  the  apparatus  is  contained  in  a  tliree- 
story  building.  Essentially,  it  consists  of  a  sump  tank  hold- 
ing about  1000  cu.  ft.  of  water,  from  which  the  water  is 
•elevated  by  means  of  a  turbine-driven  centrifugal  pump  to  a 
constant  head  tank  on  the  roof  of  the  building.  Thence  it 
flows  to  the  standard  notch  tank  wliich  is  the  standard  of 
measurement  for  the  laboratory.  It  contains  a  calibrated 
V-noteh  weir  and  is  supplied  with  a  hook  gage,  water- 
jacketed  to  maintain  uniform  temperature  and  provided  with 
means  for  distant  magnified  observation.  This  standard 
notch  tank  is  supported  directly  from  the  foundation,  inde- 
jjendent  of  other  parts  of  the  structure. 

From  the  standard  notcli  the  water  may  be  made  to  pass 
to  either  of  two  vohimetric  tanks,  having  a  cajiacity  of  525 
cu.  ft.  each,  or  to  a  meter  under  test. 

As  the  capacity  of  the  plant  is  110  cu.  ft.  of  water  per 
minute  (approximately  412,500  lb.  per  hour)  the  large  size 
and  range  of  the  various  elements  necessitated  unusual  pre- 
cautions in  construction  and  what  is  believed  to  be  an 
original  method  of  centralizing  observation  and  control, 
minimizing  the  probabilities  of  error. 

In  connection  with  the  detailed  description  of  each  element 
of  the  plant,  original  data  of  calibration  and  computation  of 
possible  error  are  presented. 

The  paper  concludes  with  an  outline  of  the  method  of  con- 
ducting a  typical  test  and  shows  a  sample  log  sheet  for  such 
a  test. 

OTHER  FEATURES  OF  THE  MEETING 

It  is  expected  that  on  Wednesday  evening  the  John 
Fritz  Medal  will  be  awarded  to  Prof.  John  E.  Sweet, 
Honorary  Member  and  Past-President  of  the  Society, 
to  whom  more  tlian  to  any  other  living  man  the  forma- 
tion of  the  Society  is  due.  It  was  Professor  Sweet  who, 
ciieouraged  by  Henry  R.  Worthington  and  Alex. 
Ilolley.  visited  the  principal  engineers  and  worked  up 
the  idea  which  residted  in  the  first  meetings  in  tlie 
dffices  of  the  American  Machinist  and  at  Stevens  Insti- 
tute of  Technology. 

It  is  planned  to  follow  the  presentation  with  an 
addi'ess,  bnt  the  subject  cannot  as  yet  be  definitely 
annoimced.  It  is  anticipated  that  it  will  be  one  of 
unusual  interest  to  the  engineering  profession. 

An  important  phase  of  the  meeting  will  as  usual  be 
the  social  events  and  the  New  York  Local  Committee 
will  again  have  charge  of  these  features.  The  Presi- 
dent's Reception  will  be  given  on  Tuesday  evening, 
December  1,  in  the  rooms  of  the  Society  on  the  eleventh 
floor  of  the  Engineering  Societies  Building.     The  re- 
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anion  will  this  year  take  the  form  of  a  dinner  dance 
and  will  be  held  at  tlie  Hotel  Astor.  wliere  the  grand 
ballroom  has  been  engaged  for  the  occasion.  Covers 
will  be  laid  for  350  and  there  will  be  dancing  between 
coiii-ses.  This  will  constitute  the  chief  social  event  of 
the  meeting,  but  there  will  in  addition  be  several  affairs 
planned  by  the  Ladies  Committee. 

COUNCIL  NOTES 

At  a  meeting  of  the  Council  on  October  0,  1914,  the 
general  subject  of  the  Boiler  Code  was  discussed  and 
Alex.  C.  Humphreys,  E.  B.  Katte  and  I.  E.  Moultrop 
Avere  appointed  a  special  committee  to  draft  a  resolu- 
tion for  consideration  of  the  Council,  covering  action 
to  be  taken  on  this  report.  The  resolution  which  was 
adopted  requested  the  Boiler  Code  Committee  to  pre- 
pare a  reprint  of  their  preliminary  I'cport  and  give  all 
other  committees  from  this  and  other  societies  with 
whom  they  have  conferi'ed  full  opportunity  to  concur 
tlierewitli  or  submit  objections  thereto.  After  this  pro- 
cedure, the  committee  are  requested  to  report  to  the 
Council  for  its  further  action. 

It  was  voted  tliat  the  support  of  the  International 
Engineering  Congress  be  continued  and  that  every 
etfort  be  made  to  make  the  congress  a  success. 

The  action  of  the  Council  at  its  Jiine  meeting  with 
regard  to  discontinuing  the  publication  of  Condensed 
Catalogues  was  rescinded,  and  it  was  voted  to  continue 
the  volume  for  the  present  year.  The  publication  of 
Transactions  for  1914-1915  was  also  authorized.  The 
Publication  Committee  was  given  authority  to  issue  the 
History  of  the  Society  by  subscription. 

The  report  of  the  Committee  on  the  Standardization 
of  Flanges  was  ordered  published  in  Transactions. 

The  following  appointments  were  made  on  sub-com- 
mittees :  Added  to  the  Air  Machinery  Committee,  0.  P. 
Hood.  C.  C.  Thomas,  V.  C.  Bachelder,  F.  A.  Halsey; 
on  the  Textiles  Committee,  Albert  C.  Duncan  and  W.  E. 
Hooper,  in  place  of  John  Eeeles,  deceased,  and  H.  F. 
Mansfield,  resigned;  on  the  Machine  Shop  Practice 
Committee,  H.  P.  Fairfield,  H.  M.  Lucas,  R.  E. 
Flanders,  in  place  of  those  whose  terms  of  otHce  have 
expired.  The  formation  of  a  new  committee  on  Pro- 
tection of  Industrial  Workei's  was  approved,  John  H. 
Ban-,  chairman  ;  also  the  appointment  of  a  sub-com- 
mittee on  Fuel  Oils  of  the  Research  Committee. 

The  following  appointments  on  local  committees  were 
appi-oved :  New  Haven,  H.  B.  Sargent,  chairman,  and 
J.  A.  Norcross ;  Buffalo,  David  Bell,  chainnan ;  Los 
Angeles,  W.  H.  Adams,  chairman,  F.  W.  Harris.  W. 
W.  Smith.  0.  J.  Root,  Paul  Weeks. 

The  establishment  of  a  student  branch  at  tlie  Colo- 
rado State  Agricultural  College,  Fort  Collins,  Colo., 
was  approved,  as  well  as  the  appointment  of  Wm.  H. 
Kavanaugh    as    Honorarj^   Chainnan    of   the    Student 

Branch  of  the  University  of  Minnesota. 

CAL\ax  W.  Rice,  Sccrrtnry. 


REPORT    OF   SPECIAL   NOMINATING 
COMMITTEE 

In  accordance  with  the  provisions  contained  in  C-48 
and  B-28  of  the  Constitution  and  By-Laws  of  the  So- 
ciety, George  J.  Foran,  of  New  Yoi-k,  has  been  nomi- 
nated as  Manager,  to  fill  the  unexpired  term  of  the  late 
Alfred  Noble,  by  a  Special  Nominating  Committee  com- 
posed of  the  following  members  : 

W.  H.  Norris.  F.  E.  Sanborn,  M.  S.  Hopkins.  S.  G.  McMeen,  E.  A.  Hiti-hcock. 

E.  B.  Katte,  W.  C.  Carlton,  R,  B.  Kendig,  C.  Schwiirtz.  A.  C.  Humphreys,  A,  S. 
Miller,  W.  H.  Wiley,  H.  G.  Stott,  E.  G.  Marble.  R.  J.  S.  Pigott,  C.  F.  Dixon, 
A.  R.  Baylis.  E.  S.  Cooley,  D.  S,  Jacobus,  R,  M.  Dixon,  C.  W.  E.  Clarke,  N. 
Cheney,  W.  N.  Cargill,  W.  Goodenough,  E,  B.  Powell,  G.  L.  Knight,  C.  F. 
Bancroft,  E.  Smith,  J.  H.  I.ibhey,  B,  R.  T.  Collins,  R,  Hutchison,  A.  C.  Aahton, 
C.  W.  Hunter,  F.  A,  Mazzur,  C.  H.  Bartlett,  F.  S.  Clark,  F.  N.  Bushnell,  A,  C, 
Eckert,  C.  H.  Peterson,  J.  I,aichinger,  J.  F.  G.  Miller,  E.  Flad,  C.  T.  Westlake, 
J.  Hunter,  G,  C.  Vcnnum,  E.  H.  Tenney,  W.  H.  Reeves,  R.  Skinner,  G.  B. 
Ey.ans,  L.  A.  Day,  0.  M,  Peek,  W.  M.  Duncan,  W.  S.  Ashton,  J.  F.  O'Neil, 
H.  R.  Setz,  A.  T.  \jck,  M.  Rotter.  R.  Schlatter,  J.  A.  Whitlow,  H.  L.  Lowe, 
J.  H.  Boughton,  W.  C,  Morehead,  C.  H.  Fish,  W.  G.  Snow,  C.  A.  Read,  F.  H. 
Hayes,  D.  K.  Bartlett,  F.  N.  Connet,  A.  F.  Clarke.  R.  E.  Hall,  S,  B.  Paine, 
A.  W.  Parker.  C.  I.  Pearson,  G.  P.  Aborn,  J.  C.  Long,  W.  E.  Choate.  W,  W, 
Blakeman,  L.  S.  Marks,  G.  C.  Anthony,  C.  H.  Chase.  H.  B.  Gale,  W.  D.  Ford, 

F.  R.  Brosius,  P.  P.  Bird,  H.  E.  Troutman,  R.  A.  Widdicombe,  W.  O.  Moody, 
I..  P.  Streeter,  M.  T.  Kimman,  O.  G.  Kelly,  F.  A.  Lindberg,  C.  C.  Douglas,  J. 

E.  Lord,  P.  A.  Poppenhusen,  A,  G.  Burke.  Jr.,  R.  W.  .\llerton,  E.  B.  Ellicott, 
C.  J.  Bacon,  C,  W.  Naylor,  D,  H.  Maury.  C.  H.  Wheeler,  Jr.,  C,  F.  Drake, 
C,  R.  Birdsey,  E.  W.  Lindquist,  A,  L.  Fitcli.  W.  L.  Abbott.  P.  Junkersfeld, 
J.  W.  Bancker,  D.  A.  Wallace,  W.  F.  Hendry,  F.  L,  Oilman,  H.  F.  Albright, 

F,  H.  Dorner,  J.  Todd,  J.  C.  W.  Greth,  J,  N.  Chester,  F.  W,  Casler,  J,  F.  Diepen- 
brock,  J.  M.  Graves,  B,  W.  Burtsell,  M.  W.  Taber.  W.  S,  Russell,  D.  T.  Randall, 
J.  A.  Vail,  J.  W.  Brown,  J.  G.  Vincent,  J.  Kahn,  H.  D.  Church,  C.  H.  Ta.vlor. 
E.  J.  Stoddard.  A.  Dow,  H.  H,  Esselstyn.  C.  M.  Barber,  J.  B.  Mansfield,  W.  S. 
Conant.  F.  C,  Osborn,  R.  T.  Wingo,  C.  E,  Sweet,  H.  S.  Hodge,  L,  C.  Tenney, 
H.  V.  Conrad,  T.  E.  Coon,  H,  M.  Leland,  E.  E.  Sweet,  C,  M.  Carson,  W.  C. 
Leland,  L.  K.  Snell.  G.  H.  Layng,  F.  Johnson,  T.  H.  K.ane,  G.  A.  Orrok,  C,  B. 
Grady,  C.  C.  Worth.  W.  J.  Best.  F.  D,  Herbert,  W.  F.  Monaghan,  F,  E.  Idell. 
R.  P.  Bolton,  W.  H.  Bradley,  H.  S.  Isham,  O.  H.  Fogg,  M.  W,  KeUogg,  G,  W, 
Martin,  S.  D.  Sprong,  C,  K.  Nichols,  A.  W.  H.  Gricpe,  F.  T.  H.  Bacon,  E.  G, 
Munson,  H.  F.  Kellemen.  F.  W.  Heisler,  T.  E.  Murray,  L.  P.  Breckenridge. 
J.  P.  Sparrow,  W,  T.  Donnelly,  H.  L.  Aldrich,  D.  Farrand,  N.  A.  Carle,  E.  B. 
Meyer,  H.  S.  Vassar,  V.  M.  Frost,  H.  Webster,  N.  S.  Slee,  P.  C.  Idell,  F.  A. 
Scheffler,  E.  H.  Peabody,  E.  Mills,  H.  C.  Inslee,  W.  A.  Jones,  G.  A.  Gulowsen, 
A,  P.  McClintock,  A.  W.  Smith,  W.  L.  R.  Emmet,  A.  A.  Adler,  C.  T.  Schreiber, 
W.  J.  Keep,  A.  C.  Wood,  T,  C.  McBride,  H.  E.  Ehlers,  J.  E.  Gibson,  H.  Hess, 
W.  R.  Jones,  R.  R.  Yarnall,  A.  C.  Jackson,  T.  H.  Hinchman,  R.  Collamore, 
C.  R.  Richards,  R.  S.  Allyn,  E.  C.  Lufkin,  C,  R.  Place,  J.  W.  Smith,  E.  H.  Dew- 
son,  H.  P.  Barr,  E.  H.  Mumford,  R.  H.  Kirk,  T,  Stebbins,  W.  W.  Erwin,  H.  E, 
Coffin,  L.  C.  Rogers.  S.  G.  Barnes,  E.  H.  Bingham,  W.  E.  Snyder.  A,  F.  Backlin, 
E.  T,  Peterson,  J.  A.  Hunter.  E.  K.  Hiles,  C.  J.  Angstrom,  W,  P,  Hayes,  J.  R. 
Fortuin,  F.  B.  Bigelow.  F.  W.  Kelley,  W.  J.  FuUerton,  J,  F.  McElroy,  L.  L., 
Brinsmade,  F.  C.  Armstead,  H.  M.  Lane,  A.  L.  Jenkins,  J.  D.  Lyon,  S.  G.  Pol- 
lard, C,  H.  Anderson,  B.  L.  Baldwin,  G.  W,  Simpkinson,  W,  H.  Blauvelt,  F.  B. 
Klock,  J.  M.  Flanner.N',  C.  K,  Mallory,  H.  E.  Dunkle,  E.  N.  Trump.  E,  A,  Barnes, 
C.  L,  Griffin,  B,  N.  Bump,  W.  E,  Hopton,  F.  Fillmore,  T.  H,  Miller,  L.  A.  Zohe, 
E.  W.  Iving,  R.  M.  Gordon.  A.  G.  Mattsson,  G.  B.  TurnbuU,  I.  E.  Moultrop,  S, 
Hosmer,  A.  B.  Chamberlain,  J.  D.  Andrew,  R.  E.  Curtis,  C.  H.  Parker,  C.  L. 
Edgar,  H.  N.  Dawes.  W.  B.  Snow,  E.  L.  Clark,  C.  A.  G.  Winther,  H.  M,  Latham, 

E.  G.  Bailey,  F.  W,  Dean,  F,  B.  Perry,  W.  A.  Johnston,  G,  B.  Haven,  E.  F, 
Miller,  F,  E.  Shedd,  H,  V.  Coes,  F.  W.  Reynolds,  C.  T,  Mosman,  F.  B.  Cole, 
W,  F.  Uhl,  C.  B.  Burleigh,  F.  Sargent,  W.  G.  Ely,  E.  E.  Gilbert,  F.  C.  Pratt,  O. 
Junggren,  E.  D.  Dickinson,  J,  A.  Capp,  J.  Riddell,  A.  L.  Rohrer,  R.  H.  Rice, 
S.  A.  Moss.  G.  M.  Campbell,  W.  Johnson,  H.  S.  Baldwin,  A,  D.  Pentz,  W.  A, 
Hall,  J,  C.  Parker,  R.  D.  DeWolf,  H.  Harding,  G.  N.  SaegmuUer,  C,  L.  Bausch 
W,  D.  Wishart,  W.  S.  Austin,  F.  W.  Lovejoy,  W.  H.  Honiss,  R.  S.  Riley,  W.  W, 
Bird,  H.  P.  Fairfield,  C.  H.  Manning,  G.  I.  Rockwood,  C.  R.  Seed,  G.  I,  Alden, 
J.  W.  Higgins,  W.  D,  Ennis,  S,  E,  Weir,  F.  R.  Still,  S.  N,  Castle,  F.  F.  Nickel, 
W.  Schwanh.ausser,  E.  W.  Greene,  W.  G.  Hudson,  W.  Pressinger.  W.  M,  Flem- 
ing, H.  M,  Chase,  H.  W.  Morrill,  C.  L.  Newcomb,  C.  G.  de  La\-al,  C.  H.  Jenness. 
S.  M.  Green.  L.  W.  Graves,  W.  H.  Damon,  C.  E.  Bliss,  B.  A.  Franklin.  E.  H. 
McCUntock,  E.  Shirley,  S,  Stevens,  G,  W,  Galbraith,  L.  G.  Robinson,  B,  S. 
Hughes,  W,  G,  Franz,  C.  H.  Fox.  J.  T.  Faig,  W.  Tallmadge,  M.  Ccster,  W.  E. 
Moore,  J.  Kennedy,  G.  Mesta,  F.  L.  Bigelow,  A.  Kingsburj-,  R.  N.  Ehrhart, 
H.  T,  Herr,  C.  B.  Auel.  F,  S.  Martin,  W.  P.  FUnt,  F.  B.  Corey,  E.  W,  McCalUster, 

F.  Hodgkinson,  E.  M.  Herr,  O.  H.  Bathgate,  F.  F,  Harrold,  E.  R.  Norris,  C.  W. 
Johnson,  W,  A,  Bole,  A,  Mclver,  C.  F.  Uebelacker,  G.  W.  Bacon,  F,  Blossom, 
H.  H.  Porter,  A.  B.  Jennings,  J,  D.  Bird,  W,  W,  Ricker,  A,  P.  Brockelbank,  C. 
L.  Cole,  G.  P.  Symonds,  H.  H.  Barnes.  Jr.,  J,  S.  Smith,  W,  H.  Boehm,  S,  G, 
Neiler,  C.  E.  Wilson,  E.  P.  Rich,  H.  B.  Bryden,  C.  J.  DaWdson,  D.  Lofts.  H.  C. 
Gardner,  W.  S.  Monroe.  W.  H.  Traver.  J.  G.  O'Neil,  J.  Lyman,  J.  L.  Hecht, 
J.  F.  O.  Stratton,  H,  M.  Montgomerj-,  F,  Woodmansee,  C.  M.  Garland,  C.  G. 
V.  King.  C.  M.  Allen,  J.  J.  Brown.    ■ 
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An  account  ol'  Mr.  FoiaiTs  career  is  appended  here- 
with : 

GEORGE  J.  FORAN 

George  J.  Forau  was  bom  in  Boston,  Mass.,  January  22, 
1862,  and  was  graduated  from  the  Massachusetts  Institute 
oi  Technology  in  1883.  Ilis  thesis  was  a  history  of  the  art 
and  design  of  pumping  machinery.  Upon  graduation,  he 
entered  tlie  employment  of  The  Deane  Steam  Pump  Com- 
pany, leaving  them  at  the  end  of  three  years  to  go  with  the 
George  F.  Blake  Manufacturing  Company,  with  which  com- 
pany he  was  associated  at  the  time  of  its  amalgamation 
with  the  International  Steam  Pump  Company.  After  a 
brief  experience  in  the  shop,  he  served  as  salesman  in  the 
engineering  field  for  some  years,  later  acting  as  consulting 
engineer  to  the  president  and  treasurer  of  the  Blake  Com- 
pany, with  special  reference  to  engineering  design  and  con- 
structing water  works,  condensing  and  air  compressor  in- 
stallations, tests  and  investigations  in  New  England.  Upon 
the  completion  of  the  new  Blake  Works  at  Cambridge,  he 
became  its  oflBce  manager  and  head  of  the  estimating  and 
cost  department,  originating  the  cost  system  then  installed. 
Later  he  returned  to  the  engineermg  sales  department,  and 
in  1900  went  to  New  York  and  has  since  been  manager  and 
chief  engineer  in  responsible  engineermg  charge  of  the  con- 
densor  department  of  the  International  Steam  Pump  Com- 
pany, also  serving  as  consulting  engineer  in  the  products  ol 
its  various  allied  companies.  He  was  active  in  originating 
and  designing  high  vacuum  apparatus  in  its  development 
stage,  and  was  responsible  for  the  design  of  many  installa- 
tions, including  a  large  number  of  the  important  installa- 
tions of  this  type  in  the  United  States. 

Mr.  Foran  joined  the  Society  in  1887  as  a  junior,  and  was 
promoted  to  member  1893.  He  was  a  member  of  tlie  Mem- 
bersliip  Committee  of  the  Society  for  six  years,  and  of  the 
House  Committee  for  three  years. 

He  is  also  a  member  of  the  Verein  deutscher  Ingenieure 
and  the  American  Association  for  the  Advancement  of  Science 
and  an  associate  member  of  the  American  Society  of  Naval 
Engineers.  He  has  done  a  large  amount  of  original  mves- 
tigation  and  study  in  the  several  fields  of  mechanical  engi- 
neering and  has  occasionally  contributed  to  the  various  pub- 
lications and  society  transactions. 

RESOLUTIONS    OF    THE    COUNCIL    ON    THE 
DEATH  OF  ALFRED  NOBLE 

In  the  deatli  of  Mr.  Alfred  Noble,  the  engineering 
profession  has  lost  one  of  its  greatest  members,  one  of 
its  wisest  associates,  and  one  of  its  most  modest  scien- 
tists. 

Mr.  Noble  was  a  man  of  generous  impulses,  always 
interested  in  the  success  of  younger  engineers,  always 
ready  to  help  them  with  advice,  and  to  put  before  them 
an  opportunity  for  their  success.  He  was  without  the 
slightest  professional  jealousy,  and  so  in  love  with  his 
chosen  calling  that  he  always  hailed  the  achievements 
of  others  with  delight  because  engineering  had  by  them 
been  advanced  and  the  world  benefitted.  His  personal- 
ity was  most  cliarming  and  The  American  Society  of 
Meeliaiiicnl  Engiiii'ci's  will  long  miss  his  delightful  talks 


and  wise  advice  at  its  Council  meetings,  where  he  was 
a  most  welcome  member.  He  may  be  aptly  described  as 
a  lovely  man,  full  of  gentleness  and  dignity,  and  yet 
possessing  a  forceful  character  which  fitted  him  so  well 
as  a  cherished  adviser. 

It  may  not  be  generally  Imowu  that  Mr.  Noble 
had  an  infiuence  in  the  decision  of  Congress  to  aban- 
don the  sea  level  plan  and  adopt  the  lock  system 
for  the  Panama  Canal.  The  subsequent  events  have 
shown  the  wisdom  of  Mr.  Noble's  advice.  A  member 
of  Congress  and  a  personal  friend  of  Mr.  Noble  asked 
him  to  state  his  reasons  for  advising  the  lock  system  in 
the  form  of  a  letter.  This  was  done  in  a  most  concise 
form  and  was  read  in  the  House  of  Representatives,  and 
thus  became  incorpoi-ated  in  the  Congressional  Record, 
with  the  result  that  it  convinced  the  members,  and  by 
a  large  majority  they  adopted  the  lock  system.  Copies 
of  the  Record  marked  at  Mr.  Noble's  letter  were  given 
to  each  Senator,  and  the  argument  was  equally  con- 
vincing, so  that  the  Senate  eonfii-med  the  House  action 
by  a  large  majority. 

A  glance  at  Mr.  Noble's  history  will  be  most  edifying 
to  a  young  engineer  as  it  will  be  gratifying  to  his  hosts 
of  friends.  He  was  born  August  7,  1844,  at  Livonia, 
Wayne  County,  ^Michigan,  whei'e  his  parents,  Charles 
and  Livonia  (Douw)  Noble,  resided  on  a  farm.  His 
grandfather  sei"ved  in  the  War  of  1812,  and  his  an- 
cestors were  in  the  Revolutionaiy  War.  His  early  edu- 
cation was  received  in  tlie  District  School  of  his  native 
place,  and  during  liis  spare  time  he  worked  on  his 
father's  farm. 

In  1862,  when  only  18  years  of  age,  he  enlisted  in 
the  Civil  War  in  the  26th  Michigan  Volunteer  Infantry. 
From  that  time  until  1865  he  served  in  the  Army  of 
the  Potomac,  taking  part  in  all  of  the  hard  and  desper- 
ately fought  battles  which  tliat  army  engaged  in  against 
Lee  and  Stonewall  Jackson.  At  Gettysburg  his  regi- 
ment lost  a  vei-y  large  percentage  of  its  numbers.  At 
Chancellorsville,  it  was  by  the  merest  accident  that  his 
Itrigade  was  not  captured  by  Stonewall  Jackson  men, 
but  he  was  lucky  in  serving  through  the  war  without 
being  wounded,  and  was  mustered  out  of  the  service 
in  June  1865,  with  the  rank  of  Sergeant.  He  then  pre- 
pared to  enter  the  University  of  Michigan,  and  in  1867 
became  a  sophomore,  graduating  in  1870  with  the  de- 
gree of  C.  E.  He  received  the  degree  of  LL.D.  from 
liis  Alma  Mater  in  1895,  also  from  the  University  of 
Wisconsin  in  1904. 

From  1868  to  1870  lie  was  assistant  engineer  on  river 
and  harbor  work  on  the  Great  Lakes.  From  1870  to 
1872  he  was  in  charge  of  improvements  on  St.  Mary's 
Falls  Canal  and  St.  Mary's  River.  During  this  time 
the  first  great  masonry  lock  at  the  Soult,  then  by  far 
the  largest  canal  lock  in  the  w'orld,  was  built. 

On  completion  of  this  work  he  became  resident  engi- 
neer on  the  construction  of  an  important  bridge  at 
Slireveport,  La.,  over  the  Red  River. 
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From  1883  to  1886  he  was  general  assistant  engineer 
of  the  Northei'u  Pacific  Railroad. 

Prom  1886  to  1887  he  was  resident  engineer  on  the 
construction  of  the  Washington  Bridge  over  the  Harlem 
River,  New  York  City,  at  that  time  the  largest  arch 
bridge  in  existence. 

Prom  1887  to  1894  he  was  resident  engineer  on  the 
construction  of  several  very  large  and  important 
bridges  over  the  Mississippi  at  Memphis  and  Alton, 
over  the  Missouri  at  Bellefontaine  and  Leavenworth, 
and  over  the  Ohio  at  Cairo. 

He  was  appointed  a  member  of  the  Nicaragua  Canal 
Board  by  President  Cleveland  in  1895.  This  Board 
visited  Central  America  and  examined  the  route  of  the 
Nicaragua  Canal  and  also  the  Panama  Canal  and  then 
returned  to  the  United  States,  completing  its  work 
November  1,  1895. 

In  June  1899,  he  was  appointed  by  President  Mc- 
Kinley  a  member  of  the  Isthmian  Canal  Commission, 
which  was  charged  with  the  selection  of  the  best  canal 
route  across  tlie  American  Isthmus,  and  it  has  been 
substantially  on  the  route  selected  by  this  Commission 
that  the  Panama  Canal  has  been  constructed.  While 
on  this  Commission,  Mr.  Noble  with  his  colleagues  vis- 
ited Europe  to  examine  the  existing  canals  there  and 
to  investigate  the  data  which  the  Preneh  Canal  Com- 
pany had  in  Paris,  and  also  made  several  trips  to  Cen- 
tral America  to  look  moi'e  fully  into  the  various  canal 
routes. 

In  1905  he  was  appointed  by  President  Roosevelt  a 
member  of  the  International  Board  of  Engineers  to 
recommend  whether  the  Panama  Canal  should  be  con- 
structed as  a  sea  level  or  a  lock  canal.  This  Board  con- 
sisted of  thirteen  membere,  of  whom  five  were  nomi- 
nated by  foreign  governors.  Mr.  Noble  was  one  of  the 
minority  of  five  Americans  who  recommended  the  adop- 
tion of  the  lock  plan.  Their  views  were  adopted  by  the 
Government,  and  the  Canal  has  been  built  in  accord- 
ance with  their  recommendations. 

In  March  1907,  he  was  one  of  the  three  appointed 
by  President  Roosevelt  to  visit  the  Panama  Canal  to 
investigate  the  conditions  regarding  the  foundations  of 
some  of  the  principal  structures.  This  duty  was  com- 
pleted in  a  few  weeks.  He  was  obliged  to  decline  a 
similar  appointment  two  years  later. 

Prom  the  very  inception  of  the  plan  by  this  country 
to  build  an  isthmian  canal,  and  from  the  commence- 
ment of  the  preliminary  investigations  and  sui-veys,  to 
the  adoption  of  the  final  plan,  and  the  commencing  of 
the  actual  construction  of  the  Panama  Canal,  Mr. 
Noble  was  continuously  identified  with  the  project  and 
deserved  as  much  credit  for  the  solution  of  the  engi- 
neering problems  as  any  other  one  who  has  been  con- 
nected with  this  great  work. 

In  Ji;ly  1897,  he  was  appointed  by  President  Me- 
Kinley  a  member  of  the  U.  S.  Board  of  Engineers  on 
Deep  Water  Ways  which  made  surveys  and  estimates 


of  cost  for  a  sliip  canal  from  the  Great  Lakes  to  deep 
water  in  the  Hudson  River. 

In  November  1901,  the  city  authorities  of  Galveston, 
Texas,  appointed  Alfred  Noble,  along  with  Henry  C. 
Ripley  and  General  Robert,  as  a  Board  of  Engineers 
to  devise  a  plan  for  protecting  the  city  and  suburbs 
from  future  inundation.  They  recommended  the  build- 
ing of  a  solid  concrete  wall  over  three  miles  long  and 
seventeen  feet  in  height  above  mean  low  water,  the 
raising  of  the  city  grade,  and  the  making  of  an  em- 
bankment adjacent  to  the  wall ;  the  whole  to  cost  about 
three  and  a  half  million  dollars,  which  plan  has  since 
been  carried  into  effect. 

Prom  1902  to  1909  Mr.  Noble  was  chief  engineer  of 
the  East  River  Division  of  the  New  York  extension  of 
the  Pennsylvania  Railroad,  and  was  in  entire  charge 
of  this  most  difficult  piece  of  work,  involving,  as  it  did, 
a  very  accurate  survey  across  Manhattan,  and  the  con- 
struction of  the  foundations  of  the  Pennsylvania  Sta- 
tion, of  the  land  tunnels  and  of  the  East  River  tunnels, 
which  were  very  troublesome. 

Since  1909  he  engaged  in  general  practice  as  a  con- 
sulting engineer,  the  firm  name  being  Noble  and 
Woodard.  Probably  the  most  important  work  dealt 
with  was  in  relation  to  the  dry  docks  built  for  the 
United  States  Government  near  Honolulu.  He  was 
also,  for  a  time.  Consulting  Engineer  to  the  Quebec 
Bridge  Board,  also  Consulting  Engineer  for  the  Board 
of  Water  Supply,  New  York  City,  and  for  the  Public 
Seiwice  Commission  of  the  Pirst  District  of  the  State 
of  New  York. 

He  has  been  Past  President  of  the  Western  Society 
of  Engineers,  American  Society  of  Civil  Engineers, 
and  American  Institute  of  Consulting  Engineers. 

In  1910  he  was  awarded  the  John  Fritz  Medal  for 
"  notable  achievements  as  a  Civil  Engineer." 

In  1910  he  was  elected  an  Honoraiy  Member  of  the 
Institution  of  Civil  Engineers  of  Great  Britain,  a  dis- 
tinction which  no  other  American  has  ever  received. 

In  1912  he  received  the  EUiot-Cresson  Medal  of  the 
Franklin  Institute  ' '  in  recognition  of  his  distinguished 
achievements  in  the  field  of  Civil  Engineering." 

He  was  married  May  31,  1871,  to  Miss  Georgia 
Speechley,  of  Ann  Arbor,  Michigan.  They  had  one 
son,  Frederic  Charles,  a  graduate  in  Engineering  of 
University  of  Michigan,  1894,  now  following  his  pro- 
fession in  New  York  City. 

There  is  little  to  add  to  this  epitome,  but  it  shows 
the  forceful  character  of  Mr.  Noble  throughout.  He 
won  the  various  honored  and  honorable  positions  he  so 
ably  filled  by  merit  and  perseverance,  and  his  career, 
cut  short  in  this  untimely  manner,  is  an  encourage- 
ment to  every  young  engineer  and  a  stimulus  to  the 
exercise  and  ciiltivation  of  those  manly  and  fearless 
qiialities  in  the  possession  of  which  Mr.  Noble  so  ex- 
celled and  which  have  so  firmly  established  him  in  the 
affections  and  admiration  of  all  engineers. 
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BRAKE   PERFORMANCE  ON   MODERN   STEAM  RAILROAD 

PASSENGER  TRAINS 

ABSTRACT  OF  RESULTS  OF  THE   PENNSYLVANIA   RAILROAD  BRAKE  TESTS,  1913 

By  S.  W.  DUDLEYi,  PITTSBURGH,  PA. 
Non-Member 


A  TRAIN  of  12  steel  passen- 
ger cars  and  modern 
locomotive  weighs  nearly  1000 
tons,  is  about  1000  ft.  long  and, 
at  60  m.p.h.  speed  has  a  kinetic 
energy   of  224,000,000   ft-ib. 

With  the  ordinary  high-speed 
brake  apparatus  such  a  train 
would  be  stopped  by  an  emer- 
gency application  of  the  brakes 
in  a  distance  of  from  1600  to 
1800  ft.,  according  to  the  truck 
rigging  and  brake  shoe  design 
and  installation. 

In  making  ordinary  brake  ap- 
plications for  slow-downs  or  sta- 
tion stops,  skill  and  judgment 
must  be  carefully  exercised  in 
order  to  avoid  shocks  and  make 
short  and  accurate  stops. 

The  ■  Pennsylvania  Railroad 
brake  tests  of  1913  showed  that 
such  a  train  at  60  m.p.h.  speed 
can  be  stopped  by  an  emergency 

application  in  1000  ft.  or  within  the  length  of  the  train. 
They  also  showed  that  trains  can  be  controlled  by  service 
applications  without  shocks  at  any  speeds  and  with  greater 
accuracy  and  promptness  and  still  require  less  expert  knowl- 
edge and  skill  on  the  part  of  the  manipulator. 

The  improvement  in  emergency  stopping  power  has  re- 
sulted from  applying  the  air  brakes  more  quickly  and  to  a 
higher  pressure,  holding  this  liigher  pressure  without  dimi- 
nution toward  the  end  of  the  stop,  using  a  more  efficient  de- 
sign and  better  installation  of  foundation  brake  rigging  and 
providing  a  better  method  of  applying  the  brake  shoe  to  the 
wheel  and  more  brake  shoe  metal  to  absorb  the  heat  de- 
veloped during  the  process  of  stopping. 

The  greater  efflciencj',  economy  and  flexibility  in  service 
has  been  attained  by  making  the  air  brake  apparatus  more 
positive  and  responsive  in  its  operation,  both  in  application 
and  release,  enabling  full  advantage  to  be  taken  of  all  the 
possibilities  of  these  improvements  through  the  quick,  simul- 
taneous and  flexible  action  obtainable  only  with  electric  con- 
trol, the  maintenance  of  a  high  and  uniform  brake  rigging 
efficiency,  and  the  improved  truck,  journal  and  brake  shoe 
action,  less  wear  of  brake  shoes  and  better  distribution  of 
forces  and  reactions  accompanying  the  use  of  the  clasp  brake 
having  two  shoes  per  wheel,  instead  of  concentrating  the 
heavy  braking  forces  required  by  modern  equipment  on  only 
one  side  of  the  wheel. 

The  tests  constitute  a  scientific  study  of  the  brake  as  a 
whole;  comparing  in  detail  the  characteristics  of  the  ordinary 
'  .Assistant  Chief  Engineer.  Westiughouse  .\ir  Bralie  Co. 


Realizing  the  dgtdficunci  of  the  knowl- 
edge and  experience  accumulated  in  recent 
years,  the  Pennsylvania  Railroad,  in  con- 
junction with  the  Westinghouse  Air  Brake 
Company,  instituted  in  the  spring  of  1913  the 
most  scientific  and  comprehensive  investigation 
of  the  different  factors  affecting  the  operation 
of  brakes  on  steam  railroad  passenger  trains  that 
has  been  undertaken  since  the  Galton-Westing- 
house  trials  of  1878  and  1879.  In  addition  to 
an  examination  of  the  characteristics  of  brake 
shoe  friction  throughout  a  wide  range  of  labora- 
tory and  operating  conditions,  the  test  included 
also  a  study  of  the  effect  of  various  types  of  air 
brake  mechanisms  and  foundation  brake  rigging 
and  different  degrees  of  emergency  braking 
force.  The  tests  indicated  the  degree  to  which 
existing  apparatus  was  suited  to  existing  condi- 
tions, the  direction  in  which  improvement  was 
necessary  and  could  be  made,  and  the  amount 
of  improvement  actuaUij  accomplished. 


high-speed  air  brake  apparatus 
with  the  improved  electro-pneu- 
matic brake,  the  effect  of  low 
and  high  emergency  braking 
powers,  the  clasp  with  the  single 
shoe  type  of  brake  rigging,  the 
relative  advantages  of  one  and 
of  two  brake  shoes  per  wheel  and 
investigating  the  limitations  of 
track  and  operating  conditions 
commonly  experienced. 

The  improved  air  brake  appa- 
ratus operating  pneumatically, 
shortens  the  time  of  obtaining 
maximum  emergency  brake  cyl- 
inder pressure  on  the  train  as  a 
whole  from  8  seconds,  with  the 
PM  equipment,  to  3.5  seconds, 
and  with  electric  control  this  is 
again  shortened  to  2.25  seconds. 
Moreover,  125  per  cent,  150  per 
cent  or  180  per  cent  emergency 
braking  power  is  available  as 
may  be  thought  desirable  or 
fiiund  permissible  according  to  circumstances  when  the  in- 
stallation is  made.     The  PM  average  is  100  per  cent. 

Using  150  per  cent  emergency  braking  power,  the  quicker 
and  more  powerful  pneumatic  emergency  application  short- 
ened the  stop  at  60  m.p.h.  from  over  1600  ft.  to  about  1400 
ft.  and  the  simultaneous  action  of  the  electro-pneumatic 
brake  still  further  shortened  the  stop  to  less  than  1200  ft. 

With  the  PM  equipment  the  attempt  to  make  an  emer- 
gency application  during  the  progress  of  or  before  releasing 
a  partial  or  full  service  application  will  produce  only  the 
same  stop  as  if  merely  a  full  service  application  had  been 
made.  Considering  the  ordinary  full  service  stop  from  60 
m.p.h.  (say  2000  or  2200  ft.)  as  100  per  cent;  with  the 
improved  apparatus,  operating  pneumatically,  an  emergency 
aijplication  following  a  partial  service  application  will 
shorten  about  14  per  cent  and  after  a  full  service  applica- 
tion about  10  per  cent;  with  electro-pneumatic  operation  the 
uain  is  23  and  15  per  cent  respectively. 

Shocks  during  brake  applications  are  due  to  slack  action 
modified  by  speed.  This  was  shown  by  pneumatic  and 
electro-pneumatic  stops  from  both  high  and  low  speeds.  At 
high  speeds,  60  to  80  m.p.h.,  the  serial  action  of  the  pneu- 
matic emergency  application  resulted  in  noticeable  shocks 
which  increased  in  severity  at  lower  speeds  and  at  10  m.p.h. 
amounted,  in  effect,  to  a  collision  between  the  rear  and  for- 
ward end  of  the  train,  the  train  being  stopped  in  42  ft.  The 
simultaneous  application  of  just  as  great  retarding  forces  by 
the  electro-pneumatic  brake  entirely  eliminated  violent  slack 
action  at  all  speeds. 
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AIR    BRAIvE    PERFORMANCE,    S.    W.    DUDLEY 


I.     THE  BRAKE  PROBLEM 

The  object  of  the  Pennsylvania  Railroad  Tests  of 
1913  was  to  make  as  thorough  a  study  as  might  be 
found  practicable  of  the  variables  eucouutered  iu  brak- 
ing equipment,  and  their  effects,  with  particular  refer- 
ence to : 

A  A  determination  of  the  maximum  percentage  of 
emergency  braking  power  which  can  be  adopted,  con- 
sidering : 

a  The  type  of  brake  shoe  to  be  used 

b  The  type  of  brake  rigging  to  be  adopted 

c  The  type  of  air  brake  mechanism  and  control  to 

be  adopted 
d  The  degree  to  which  occasional  wheel  sliding  is 
to  be  permitted  under  favorable  circumstances 
e  The  variation  in  the  condition  of  the. rail  surface 
for  which  it  is  considei'ed  necessary  to  provide 
B     A  comparison  of  the  relative  pei'formance  of  the 
clasp  brake  rigging   (two  shoes  per  wheel)    and  the 
standard  brake  rigging  (one  shoe  per  wheel)  with  re- 
gard to : 

a  Maintenance    of    predetermined    and    desired 

piston  travel 
b  Efficiency  of  transmission  of  forces 
c  Effect  upon  wheel  journals,  bearings  and  truck 
d  Mean  coefficient  of  brake  shoe  friction  for  the 
standard  plain  cast  iron  shoe 
C    A  comparison   of  the   performance   of  the   im- 
proved air  brake  mechanism  (type  UC)  with  that  of 
the  commonly  used  "  high  speed  "  (type  PM)  brake 
equipment  with  regard  to: 

a  Efficiency  and  effectiveness,   as  shown  by  the 

length  of  ser\ice  and  emergency  stops 
b  Safety  and  protective  features 
c  Flexibility   and   certainty   of   response   to   any 

manipulation  of  the  engineer's  brake  valve 
d  Uniformity  of  action  of  individual  equipments 
associated  in  the  same  train  and  of  anj'  indi- 
vidual equipment  at  different  times 
e  Smoothness   of   riding   during   stopping,    slack 
action  between  ears,  and  the  resulting  shocks 
/  Capacity  for  future  requirements 
D     The  behavior  of  the  brake  shoes  as  the  tests  pro- 
gressed and  any  variation  in  the  results  of  similar  tests 
which  could  not  be  accounted  for  by  known  changes 
independent  of  the  brake  shoe.    One  type  of  brake  shoe 
was  to  be  used  throughout  the  range  of  the  tests.    Re- 
lating to  objects  A,  B,  and  C,  advantage  was  taken  of 
tl)is  opportunity  to  establish  as  definitely  as  possible 
the  characteristics  of  this  type  of  brake  shoe  under  the 
influence  of  various  combinations  of  speed,  pressure, 
time,  weather  and  the  conditions  of  the  brake  shoe. 


Abstract  of  paper  presented  at  the  New  York  local  meeting  of 
The  American  Society  of  Mechanical  Engineers,  on  February 
10,  1914.  Complete  copies  may  be  obtained,  price,  60  cents  to 
members  and  $1.20  to  non -members. 


E  The  coefficient  of  friction  between  the  wheel  and 
the  rail  under  varying  weather  conditions. 

In  addition  to  the  investigations  outlined  in  general 
above,  it  developed  during  the  tests  that  additional 
data  were  desired  regarding  the  performance  of  brake 
shoes  under  certain  specific  conditions.  In  consequence 
a  series  of  experiments  was  carried  out  at  the  labora- 
tory of  the  American  Brake  Shoe  and  Foundry  Com- 
pany, at  I\Iahwah,  N.  J. 

FEATURES  OP  EQUIPMENT  AND  APPARATUS  TESTED 

Air  Brake.  Experience  has  shown  that  under  the 
severe  requirements  of  today  the  tj'pe  PM  equipment 
lacks  many  of  the  features  necessary  to  obtain  a  de- 
sirable degree  of  stopping  power  in  emergency  applica- 
tions and  pi'ompt  and  certain  response  at  all  times  in 
ordinarj'  seridce  brake  manipulation.  One  of  the  ob- 
jects of  the  tests  scheduled  for  this  type  of  equipment 
was  to  determine  its  limitations  and  serve  as  a  stand- 
ard of  reference  to  measure  the  betterment  made  pos- 
sible by  the  improved  features  of  the  new  air  brake 
appai-atus,  the  more  efficient  design  of  foundation 
brake  rigging  and  more  satisfactory  brake  shoe  per- 
formance. 

The  special  features  of  the  improved  air  brake  equip- 
ment (type  UC)  which  received  more  or  less  attention 
during  the  tests  may  be  summarized  as  follows : 

A  Adaptability  of  the  electro-pneumatic  brake 
equipment  to  meet  any  requirement,  with  a  degree  of 
efficiency  as  high  as  the  existing  physical  conditions 
will  permit. 

B  Possibility  of  installation  to  produce  any  desired 
cylinder  pressure,  either  in  service  or  in  emergency. 

C  Gain  by  use  of  the  electric  control,  in  addition  to 
the  pneumatic,  in  the  elimination  of  the  time  required 
for  the  transmission  of  the  action  of  the  brake  from 
car  to  car  and,  in  addition  the  elimination  of  shocks 
and  uncomfortable  surging  which  results  from  the  non- 
simultaneous  application  of  the  brakes  on  all  cars. 

D  Troubles  due  to  brakes  failing  to  release,  as  well 
as  the  undesired  application  of  brakes  due  to  unavoid- 
able fluctuations  of  brake  pipe  pressure  when  running 
over  the  road. 

E     Adequate  supply  of  air  available  at  all  times. 

F  Emergency  braking  power  available  at  any  time, 
even  after  a  full  service  application  of  the  brake. 

G  Adaptability  of  the  equipment  to  all  weights  of 
cars  and  to  any  desired  percentage  of  braking  power, 
eliminating  necessity  of  two  brake  equipments  for 
lieavy  cars  or  two  service  brake  cylinders,  except  for 
cars  weighing  more  than  the  limit  of  the  service  capac- 
ity of  one  brake  cylinder. 

Brake  Rigging.  Duplicate  tests  were  made  with  the 
clasp  brake  rigging,  two  shoes  per  wheel,  for  every 
test  made  with  the  standard  brake  rigging,  one  shoe 
per  wheel,  in  order  to  bring  out  the  advantages  of  the 
clasp  brake  in  the  following  desirable  features:    (A) 
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constant  piston  travel  for  all  cylinder  pressures;  (B) 
smoothness  of  action  during  stopping;  (C)  greater 
certainty  of  obtaining  and  maintaining  the  predeter- 
mined braking  force  contemplated  in  the  design  of  the 
air  brake  equipment  and  foundation  brake  rigging; 
(D)  less  displacement  of  journals,  bearings  and  trucks, 
tending  toward  greater  mechanical  efficiency  and  less 
cost  of  maintenance;  (E)  a  coefficient  of  friction  equal 
to  or  gi-eater  than  that  with  the  single  shoe  brake,  with 
less  wear  of  brake  shoe  metal  and  lower' brake  shoe 
temperatures. 

TRAIN    MAKE-UP    AND   EQUIPMENT 

The  test  train  was  1040  ft.  long,  consisting  of  a 
Pacific  type  locomotive  and  tender  of  the  P.  R.  R.  K2s 
class,  weighing  in  working  order  about  200  tons,  and 
12  P-70  steel  passenger  ears  averaging  about  61  tons 


best  stops  were  made,  fulfilling  what  it  was  anticipated 
should  be  obtained  from  the  application  of  two  brake 
shoes  per  wheel.  The  No.  3  clasp  brake  rigging  was 
used  only  in  single  car  break-away  stops,  there  being  but 
one  ear  equipped  with  this  type.  Diagrams  of  the  lever 
arrangement  of  the  various  types  of  brake  rigging 
tested  are  shown  in  Fig.  5. 

The  standard  plain  cast-iron  brake  shoe  was  used 
in  most  of  the  tests.  In  several  tests  flanged,  slotted 
and  half  area  shoes  were  employed.  Special  care  was 
taken  to  insure  uniformity  in  quality  and  condition 
of  all  shoes  at  the  beginning  and  during  the  progress 
of  the  tests. 

The  high-speed  reducing  valves  of  the  PM  equipment 
were  adjusted  to  open  at  62  lb.  brake  cylinder  pressure. 
The  standing  piston  travel  was  adjusted  before  each 
run  to  614  in.  with  a  full  service  brake  application. 


Fig.  1     Class  P-70  Steel  Car — Twelve  of  this  type  used  in  the  Test  Train 


each.  These  cars  have  4  wheel  trucks  with  one  16  in. 
brake  cylinder  per  car. 

The  ET  air  brake  equipment  was  used  without  any 
modification  on  the  locomotive,  except  that  in  some 
tests  an  auxiliary  device  was  used  which  increased  the 
braking  power  obtained  during  the  early  portion  of 
the  stop. 

All  tests  were  made  under  road  service  conditions, 
except  where  otherwise  noted,  the  air  brake  regulating 
devices  on  the  locomotive  and  cars  being  adjusted  as 
follows:  Pump  governor,  low-pressure  head  130  lb. 
maximum  pressure  head  140  lb.,  feed  valve,  110  lb., 
and  ET  distributing  valve  safety  valve,  68  lb. 

The  cars  were  equipped  with  the  present  standard 
air  brake  apparatus  (PM)  and  with  the  improved  type 
of  air  brake  equipment  (UC),  these  installations  being 
so  arranged  that  a  complete  change  from  the  standard 
equipment  (PM)  to  the  new  equipment  (UC)  having 
PM  features  only  or  the  complete  pneumatic  features 
of  the  new  equipment  or  to  the  new  equipment  with 
complete  electrical  control  could  be  quickly  made. 

The  standard  brake  rigging  as  originally  applied  to 
the  ears  of  the  test  train  is  sho%vn  in  Fig.  3.  With  the 
No.  3  design  of  clasp  brake  rigging  showTi  in  Fig.  4  the 


TEST    APPARATUS   AND   OBSERVATIONS   TAKEN 

Locomotive.  The  apparatus  on  the  locomotive  con- 
sisted of  the  usual  gciges  which  indicated  main  reser- 
voir, brake  pipe,  and  brake  cylinder  pressures,  and  in 
addition  a  brake  cylinder  indicator  was  used  on  the 
tender  brake  cylinder  and  served  to  measure  the  pres- 
sure in  all  of  the  brake  cylinders  of  the  locomotive  and 
tender,  viz.,  one  engine  truck,  two  driver  brake,  one 
trailer  truck  and  one  tender  brake  cylinder.  A  volt- 
meter, calibrated  in  m.p.h.  was  connected  to  a  genera- 
tor, belt-driven  from  the  right  front  engine  truck 
wheel,  and  served  as  a  guide  to  the  engineman  in  ob- 
taining the  desired  speed. 

A  device  for  recording  automatically  the  distance 
traveled  by  the  train  beyond  the  point  of  brake  ap- 
plication was  driven  from  the  left  engine  truck  wheel 
and  was  used  in  connection  with  the  wheel  sliding  indi- 
cators on  the  cars. 

Devices  similar  to  those  used  in  former  brake  tests 
were  employed  to  operate  the  track  circuit  breakers 
and  to  automatically  apply  the  brakes  at  the  zero  cir- 
cuit breaker. 

On  the  locomotive,  observations  were  taken  of  the 
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time  of  stop  and  the  main  resei'voir  aud  brake  pipe 
pressure,  the  tender  piston  travel  and  the  amount  of 
coal  and  water  on  the  tender. 

Cars.  Each  car  was  furnished  with  a  brake  cylinder 
indicator,  and  a  wheel  sliding  indicator,  with  the  neces- 
sao'  wii-ing  and  i-ouneetious. 

A  chronograph,  recording  the  distance  of  stop,  time 
of  stop,  deceleration  of  train,  tlie  brake  cylinder  pres- 
sure and  tlie  brake  pipe  pressure,  was  located  on  car 
six.  In  connection  with  this  chronograph  a  record  was 
made  of  the  action  of  tlie  brake  shoes  with  respect  to 
sparking. 

Indicators  for  measuring  the  slack  action  between 
the  cars  were  used  at  different  points  in  the  train. 

Specially  designed  apparatus  was  used  to  measure 
the  pressure  delivered  to  the  brake  shoes  during  some 
of  the  tests,  tlie  object  of  which  was  to  determine  the 
efficiency  of  the  brake  rigging. 


After  each  test  measurements  were  taken  of  the  total 
length  of  the  stop,  and  also  the  running  piston  travel 
on  each  car. 

Raii  Friction  Machine.  Of  the  devices  used  on  the 
track,  the  only  one  which  requires  special  mention  is 
the  machine  for  measuring  the  force  required  to  move 
or  keep  moving  a  block  of  tire  steel  resting  upon  the 
rail.  The  pressure  of  this  block  on  the  rail  could  be 
varied  by  means  of  weights  of  20,  40,  60,  80  and  100  lb. 
Readings  were  taken  with  each  of  these  weights  and 
the  coefficient  of  rail  friction  recorded  was  derived 
from  the  average  of  the  five  readings. 

When  making  a  test  run  the  engineman  endeavored 
to  reach  a  speed  slightly  above  that  desired,  just  before 
entering  the  measured  track.  The  throttle  was  closed 
just  before  reaching  the  circuit  breakers  preceding 
the  zero  point,  no  change  being  made  in  the  position 
of  the  reverse  lever.     The  train  then  drifted  over  the 


Fig.  2     Class  K2sa  Locomotive — used  in  the  Test  Train 


'I'elephones  were  located  in  the  first,  third,  sixth, 
ninth  and  twelfth  cars  and  greatly  facilitated  the  issu- 
ing of  instructions. 

Track.  The  tests  were  made  on  the  south  bound 
track  of  the  Atlantic  City  Division  of  the  W.  J.  &  S. 
R.R.  The  portion  of  tlie  track  over  which  the  braking 
was  done  was  level,  and  part  of  a  tangent  about  25 
miles  long  terminating  at  Absecon  Station.  A  slight 
descending  (0.3  per  cent)  grade  approaching  the  meas- 
ured test  track  was  in  favor  of  the  train  attaining 
speed. 

The  track  for  a  distance  of  5000  ft.  south  of  the  zero 
point  was  wired  for  circuit  breakers,  which  were  placed 
at  intervals  of  25  ft.  up  to  1200  ft.  from  the  zero  point, 
and  at  intei-vals  of  50  ft.  from  there  on  to  the  5000  ft. 
point.  Preceding  the  zero  point,  eight  circuit  breakers 
were  located,  66  ft.  apart  from  which  the  initial  speed 
of  train  (speed  at  the  trip)  was  determined. 

A  cabin,  located  near  the  zero  circuit  breaker,  con- 
tained the  clock  and  chionograph  from  which  in  con- 
nection with  file  track  circuit  breakers,  the  speed  of  the 
train  before  and  during  the  stop  was  obtained. 


circuit  breakers  preceding  the  zero  point  at  which 
point  the  brake  was  automatically,  applied  by  the  trip 
mechaiiisiii.  At  the  instant  the  brake  pipe  exhaust 
started  at  the  trip,  the  brake  valve  handle  was  moved 
to  emergency  position  for  all  emergency  tests  and  to 
lap  position  for  all  service  application  stops.  When 
the  engine  and  cars  were  to  be  stopped  separately 
(breakaway  tests),  the  same  procedure  as  above  was 
followed,  except  that  the  coupling  pin  between  the  en- 
gine and  tender  was  pulled  out  as  soon  as  possible  after 
steam  was  shut  off.  This  penuitted  the  engine  to  pull 
away  from  the  train  as  soon  as  the  brake  application 
was  made,  providing  the  retardation  of  the  ears  was 
higher  than  that  of  the  locomotive. 

However,  the  engine  did  not  always  separate  from 
the  train  when  making  stops  with  low  braking  powers 
on  the  cars.  On  this  account  it  was  decided  to  use 
.steam  on  the  locomotive  in  such  tests  as  soon  as  the 
coupling  pin  was  pulled  out,  so  as  to  get  the  locomotive 
away  from  the  cars  and  permit  the  cai's  to  stop  with- 
out any  possible  interference  on  the  part  of  the  loco- 
motive, the  sto]i  of  the  locomotive  in  such  cases  being 
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disregarded.  For  such  stops  the  flexible  wiper  and 
the  tripping  mechanism  were  on  the  first  car  instead 
of  the  locomotive. 

In  all  691  tests  were  made,  at  Absecon,  in  91  days, 
covering  a  period  of  time  from  February  10  to  May  22, 
1913.  These  were  divided  with  respect  to  the  type  of 
brake  rigging  equipment,  whether  standard  single  shoe 
or  clasp  Nos.  1,  2  or  3,  and  to  form  of  brake  shoe  used, 
whether  plain  or  flanged.  The  average  day's  work 
consisted  in  making  from  10  to  12  runs,  a  maximum 
of  22  tests  being  made  in  one  day. 

II.    AIR  BRAKE  EQUIPMENT 

The  quick  action  automatic  brake  (PM 
equipment),  which  is  the  present  equipment 
on  P.R.R.  P-70  cars,  is  illustrated  in  Fig.  6. 
It  comprises  a  16-in.  brake  cylinder  with  au- 
tomatic brake  slack  adjuster  set  for  S-in. 
running  piston  travel,  a  16-in.  by  42-in.  aux- 
iliary I'eservoir  and  a  quick  action  tripl' 
valve,  whieli  controls  the  flow  of  compressed 
an-: 


-speed  reducing  valve  retains  the  maximum  cylinder 
pressure  practically  constant  for  a  pei'iod  of  time  and 
then  by  an  accelerating  blow  down,  reduces  the  brake 
cylinder  pressure  to  60  lb.  This  reduction  is  designed 
to  compensate  for  the  increased  effectiveness  of  the 
brake  shoes  as  the  speed  diminishes.  The  compressed 
air  required  to  charge  the  auxiliary  reservoir  is  all  sup- 
plied from  the  brake  pipe  through  a  feed  groove 
around  tlie  triple  valve  piston  when  in  release  position 
only. 


Fig.  4     The  No.  3  Clasp  Brake  Rigging 

a  From  the  brake  pipe  to  the  auxiliary  reservoir  for 

charging  the  system. 
6  From  the  auxiliarj^  reservoir  to  the  brake  cylinder 

for  applying  the  brakes, 
c  From  the  brake  cylinder  to  the  atmosphere  when 

releasing. 
d  From  the  brake  pipe  to  the  brake  cylinder,  as  well 
as  from  the  auxiliary  reservoir  to  the  brake  cylin- 
der, when  a  quick  action  application  of  the  brakes 
is  desired. 
A  high  speed  reducing  valve  designed  to  perform  the 
functions  of  a  safety  valve  during  service  brake  ap- 
plications, limits  the  brake  cylinder  pressure  to  a  maxi- 
mum, predetermined  as  satisfactory  for  service  opera- 
tions   (62  lb.).     In   emergency   applications  the  high 


Fig.  3     The  Standard  Brake  Rigging  as  Modified  for  Test 


The  certainty  of  releasing  all  brakes  in  the 
train  depends  on  the  possibility  of  establish- 
ing the  differential  pressure  required  to  move 
the  triple  valve  parts  to  release  position.    No 
difiiculty  is  experienced  in  this  direction  so 
far  as  the  cars  at  the  head  end  of  the  train 
are  concerned,  but  the  increase  in  brake  pipe 
pressure  is  necessarily  slower  at  the  rear  than 
at  the  head  end.     Large  auxiliaiy  reservoir 
volumes,  requiring  a  large  amount  of  air  for 
recharging  (all  of  which  must  be  drawn  from 
the  brake  pipe),  long  trains,  leaky  brake  pipe, 
poor  condition  of  triple  valve  piston  packing 
rings  or  slide  valves,  low  main  reservoir  pres- 
sure, or  light  brake  pipe  reductions,  all  tend 
to  bring  about  the  slow  rise  of  brake  pipe 
pressure  at  the  rear  end  of  the  train,  which 
results  in  failure  to  release  brakes,  slow  re- 
lease,    stuck     brakes    and     dragging    brake 
shoes. 
The  brake  cylinder  pressure  in  emergency  is  iinder 
the  control  of  the  high-speed  reducing  valve  at  aU 
times.     At  first  the   reducing  valve   blows   down   the 
brake  cylinder  pressiii*e  at  a  verj-  slow  rate,  but  this 
rate  gradually  increases,  being  timed  to  become  rela- 
tively rapid  as  the  train  nears  its  stopping  point  and 
the  valve  then  closes  at  60  lb.  brake  cylinder  pressure. 
It  is  impossible  to  obtain  a  quick  action  application 
with  the  PM  equipment  after  a  service  application  of 
any  consequence  has  been  made. 

FEATURES   OP    THE    UC    EQUIPMENT 

The  valve  mechanism  which  is  the  distinguishing 
feature  of  this  equipment  is  of  the  "  built-up  "  type 
which   makes   it  possible   to   install   and   operate   this 
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equipment  if  desired  in  stages,  by  adding  to  the  sim- 
plest arrangement  of  apparatus,  including  only  those 
features  required  to  give  an  operation  equivalent  to 
that  of  the  PM  brake,  up  to  the  complete  fonn  of  the 
device. 

The  UC  equipment,  Figs.  7  and  8,  in  its  complete 
form  comprises  a  valve  mechanism  called  the  universal 
valve  with  its  pennanent  pipe  bracket  and  three  reser- 
voirs, the  auxiliary,  the  service  and  emergency  res- 
ervoirs. 

The  universal  valve  (Figs.  9  to  12),  consists  of  an 
equalizing  portion,  which  primarily  controls  the  charg- 
ing and  recharging  of  the  reservoirs  of  the  equipment, 
the  service  application  of  the  brakes  and  the  releasing 
of  the  brakes. 

A  quick  action  portion  vrith  high  pressure  cap,  which 
controls  the  transmission  of  serial  quick  action  and 
obtaining   of  high   emergency   pressure   in   the   brake 


FP-5  COUPLING  WITH 
F  DUMMY  COUPLING 


An  auxiliary  reservoir  which  is  the  same  size  for  all 
sizes  of  brake  cylinders,  the  pressure  in  which  controls 
the  movement  of  the  equalizing  piston  and  slide  valve 
of  the  universal  valve  and  supplies  air  to  the  brake 
cylinder.  The  UC  equipment  has  one  size  smaller  aux- 
iliary reservoirs  than  the  PM  equipment,  being  de- 
signed to  give  a  brake  cylinder  pressure  of  50  lb.  per 
sq.  in.  when  a  20  lb.  brake  pipe  reduction  is  made; 
and  furthermore,  the  braking  power  basis  is  90  per 
cent  instead  of  80  per  cent,  as  with  the  PM  equipment. 

A  service  reservoir  which  varies  in  size  with  the  size 
of  the  brake  cylinder.  This,  together  with  the  aux- 
iliary reservoir,  supplies  air  for  operating  the  brake 
cylinder  in  service  and  emergency  brake  applications. 

An  emergency  reservoir  which  varies  in  size  accord- 


C-3  CONDUCTOR'S  VALVE  - 


f'CUT-OUT  COCK 
I'CENTRIFUGAL  DIRT  COLLECTOR 

TYPE    P  TRIPLE  VALVE 


Fig.  6    Elements  of  the  Quick  Action  Automatic  Brake  (Standard  PM.  Equipment) 


cylinders  when  an  emergency  application  of  the  brakes 
is  made. 

An  electric  portion,  which  comprises  the  magnets, 
switch,  etc.,  controlling  the  electric  service  application, 
electric  release  and  electric  emergency  applications  of 
the  brakes. 

A  pipe  bracket,  to  which  all  pipe  connections  are 
permanently  made  and  to  which  the  various  portions 
of  the  valve  device  are  bolted.  This  bracket  contains 
.two  small  chambers,  the  quick  action  chamber  and 
quick  action  closing  chamber. 

The  quick  action  closing  chamber  provides  means 
whereby  the  quick  action  outlet  from  the  brake  pipe 
.to  the  atmosphere  is  open  when  an  emergency  applica- 
tion is  made  and  is  closed  when  a  predetermined  time 
thereafter  has  elapsed. 

The  quick  action  chamber  in  connection  with  the 
quick  action  closing  chamber  controls  liie  operation  of 
the  quick  action  parts  of  the  valve  in  accordance  with 
the  rate  of  brake  pipe  reduction. 

In  addition  to  the  above  the  equipment  on  each  car 
comprises : 


ing  to  the  size  of  brake  cylinder  used  and  the  amount 
of  emergency  brake  cylinder  pressure  which  the  in- 
stallation is  designed  to  afford.  This  reservoir  supplies 
air  requii'ed  to  graduate  the  release  of  the  brakes  and 
to  obtain  a  quick  recharging  of  the  service  and  aux- 
iliary reservoirs  after  a  service  application  of  the 
brakes.  It  also  provides  the  additional  supply  of  air 
required  to  obtain  the  increased  brake  cylinder  pres- 
sure desired  for  emergency  applications. 

The  valve  mechanism  is  designed  to  reqiiire  a  drop 
in  brake  pipe  pressure  of  approximately  4  lb.  before 
it  is  possible  to  obtain  an  application  of  the  brakes. 
The  equalizing  piston  moves  on  a  differential  much 
lower  than  this,  however,  so  as  to  close  the  feed  groove 
and  thus  prevent  back  leakage  from  the  auxiliaiy  reser- 
voir. Thus  a  service  application  of  the  brakes  is  posi- 
tively insured  when  the  required  4  lb.  brake  pipe  re- 
duction is  reached.  From  this  point  the  rise  in  brake 
cylinder  pressure  corresponds  to  the  reduction  in  brake 
pipe  pressure  in  the  proper  relation  to  produce  a  full 
service  brake  application  (90  per  cent  braking  power) 
for  a  brake  pipe  reduction  of  24  lb. 
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The  maximum  brake  cylinder  pressure  obtaiuable  in 
a  service  application  is  limited  by  the  setting  of  a  quick 
blow-down  and  positive  acting  safety  valve  which  is 
connected  to  the  brake  cylinder  through  the  emergency 
portion  of  the  universal  valve  at  all  times  except  when 
an  emergency  application  of  the  brakes  is  made.  When 
making  an  emergency  application,  the  safety  valve  is 
automatically  cut  off  from  communication  with  tlie  rest 
of  the  equipment.  This  safety  valve  is  adjusted  to  limit 
the  maximum  obtainable  service  brake  cylinder  pres- 
sure to  60  lb.  per  sq.  in. 


KMERGENCY    BRAKE    .VPPLICATIOX    AUTOMATIC    ON    DEPLE- 
TION   OP    BR.VKE    PIPE    PRESSURE    BELOW    A    PRE- 
DETERMINED  POINT 

Whenever,  from  any  cause,  the  brake  pipe  pressure 
is  reduced  to  a  predetennined  value  (30  lb.),  the  pro- 
tection valve  included  in  the  emergency  portion  of  tlie 
universal  valve  will  operate  and  cause  the  paints  of  the 
emergency  portion  to  move  to  their  quick  action  posi- 
tions and  so  start  a  quick  action  application  of  the 
brakes — the  operation  of  the  equipment  then  being  as 
already  explained. 
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Fig.  7     Diagram  of  Elements  of  the  Complete  ELECTEO-PNEtJMATic  Brake  and  Connections   (UC 

Equipment)  for  One   Car 


EMERGENCY    BRAKE    APPLICATION    AFTER    SERVICE    BRAKE 
APPLICATION 

Whenever  a  predetermined  emergency  rate  of  brake 
pipe  reduction  is  established  the  quick  action  and  high 
pressure  parts  of  the  valve  will  operate  as  above  de- 
scribed to  start  serial  quick  action  and  increase  the 
brake  cylinder  pressure  up  to  its  full  emergency  value 
even  though  a  partial  or  full  service  brake  application 
had  been  completed  or  was  in  progress.  That  is  to  say, 
the  obtaining  of  an  emergency  application  of  the 
brakes  depends  only  on  the  functioning  of  the  quick 
action  parts  and  is  entirely  independent  of  the  service 
operation  of  the  valve. 


Within  certain  limits  the  percentage  of  emergency 
braking  power  and  the  brake  pipe  pressure  to  be  used 
may  be  chosen  as  the  conditions  of  operation  and  in- 
stallation may  dictate  without  requiring  a  change  in 
any  essential  part  of  the  apparatus  and  without  affect- 
ing the  fundamental  and  proper  relations  between  the . 
different  reservoirs,  cylinders  and  operating  parts  of 
the  equipment.  For  example,  one  or  two  brake  cylin- 
ders per  car  may  be  used  as  the  weight  of  the  car  and 
the  percentage  of  braking  power  desired  may  require, 
the  only  change  necessary  being  the  use  of  a  special 
cap  on  the  high  pressure  portion  of  the  valve  designed 
to  handle  two  brake  cylinders  instead  of  one.     The 
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amount  of  emergency  braking  power  can  be  fixed  to 
suit  special  limits  or  requirements  by  proper  choice 
of  reservoir  volumes  and  the  arrangement  of  their  con- 
nections. The  equipment  is  designed  to  give  normally 
an  emergency  braking  power  of  150  per  cent  when 
using  110  lb.  brake  pipe  pressure;  this  insures  a  satis- 
factory stop  on  the  one  hand  without  the  likelihood  of 
injurious  wheel  sliding  on  the  other,  with  an  average 
condition  of  foundation  brake  rigging,  track,  etc.  For 
the  transition  period,  or  where  conditions  of  installa- 
tion do  not  permit,  or  where  tlie  service  requirements 
do  not  necessitate  a  braking  power  as  high  as  this,  a 
lower  emergency  braking  power  is  available  by  the 
arrangement  of  reservoirs  mentioned. 

FEATURES  OP  ELECTRIC  OPERATION 

When  operating  electrically,  the  service  application 
of  the  brakes  is  actuated  by  a  reduction  in  brake  pipe 


mits  their  valves  to  close  and  thus  stop  the  brake  pipe 
reduction.  The  valve  parts  tlu'U  assume  their  lap  posi- 
tions as  when  operating  pneumatically. 

Electric  Release.  "Whether  the  graduated  release  cap 
is  in  direct  or  graduated  release  position,  the  release  of 
the  brakes  can  always  be  graduated  electrically  by  al- 
ternately energizing  and  de-energizing  the  release 
magnets  which  control  the  flow  of  air  from  the  brake 
cylinder  exhaust  ports  to  the  atmosphere.  These  re- 
lease magnets  are  energized  and  prevent  the  release 
of  the  brakes  when  the  brake  valve  handle  is  in  eitlier 
release  or  holding  position.  At  this  time  the  brake 
pipe  and  reservoirs  on  the  car  are  being  recharged 
and  the  universal  valve  parts  are  in  their  release  and 
charging  positions.  The  outlet  from  the  brake  cylinder 
to  the  atmosphere  is  closed  and  the  brakes  cannot  re- 
lease so  long  as  the  release  magnets  are  thus  energized. 


y™.^ »«.  .fttfi',^ 


Fig.  8     Diauraju  of  Electric  Circuits  of  the  Electro-Pneumatic  Brake  on  Locomotive  and  Cars  (UC  Equipment) 


pressure  as  when  operating  pneumatically.  The  equal- 
izing portion  of  the  universal  valve  causes  the  brakes 
to  apply  in  response  to  a  brake  pipe  reduction  as  when 
operating  pneumatically.  But  this  brake  pipe  reduc- 
tion is  made  locally  on  each  car  (instead  of  all  at  one 
place,  namely,  the  engineer's  brake  valve).  This  local 
reduction  of  brake  pipe  pressure  is  accomplished  by 
means  of  the  service  magnet  valves  which  open  simul- 
taneously on  each  car  and  vent  brake  pipe  air  to  the 
atmosphere  at  the  proper  rate  to  produce  a  service 
brake  application  when  the  service  magnets  are  ener- 
gized by  the  engineer's  brake  valve  handle  being  placed 
in  service  position.  The  fact  that  the  pneumatic  and 
electric  service  position  of  the  brake  valve  handle  are 
the  same  insures  the  elimination  of  any  delay  in  start- 
ing a  pneumatic  application  of  tlie  brakes  in  case  the 
electric  control  is,  for  any  reason,  inoperative. 

The  movement  of  the  brake  valve  handle  back  to  lap 
position  de-energizes  the  service  magnets,  which  per- 


The  release  magnets  are  de-energized  and  tlie  exhaust 
of  air  from  the  brake  cylinders  permitted  when  the 
brake  valve  handle  is  in  running  position. 

Electric  Emergency.  In  an  electro-pneumatic  emer- 
gency application,  the  emergency  magnets  on  all  cars 
are  simultaneously  and  instantaneouslj-  energized. 
These  magnets  open  their  respective  emergency  magnet 
valves  which  in  turn  cause  the  quick  action  parts  of 
each  universal  valve  to  operate  and  produce  an  emer- 
gency application  of  the  brakes.  In  case  a  hose  bursts 
or  a  conductor's  valve  is  opened,  the  first  universal 
valve  to  be  affected  by  the  resulting  drop  in  brake  pipe 
pressure  will  operate  pneumatically. 

DEVICE  FOE  OBT.VINING  HIGHER  BRAKE  CYLINDER  PRESSURE 
ON    LOCOMOTIVE    AND    TENDER 

As  is  well  known,  the  standard  braking  power  of  the 
ET  equipment  on  the  locomotive  and  tender  (consid- 
ering the  ordinary  working  loads  carried)  is  relatively 
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a  little  less  or  about  the  same  in  stopping  effectiveness 
as  that  of  the  PM  equipment  on  the  P-TO  ears.  With 
the  new  and  more  effective  ear  brake  equipments,  how- 
ever, there  was  a  marked  difference  between  the  stop- 
ping force  on  the  locomotive  and  cars.  The  effect  of 
this  was  to  produce  a  noticeable  running  out  of  slack 
in  ordinary  train  stops  and  in  breakaway  stops  to  cause 
the  locomotive  to  run  several  hundred  feet  farther  than 
the  cars.  To  avoid  this  a  bypass  valve  was  devised 
and  applied  in  experimental  form  to  the  locomotive 
brake  equipment,  so  arranged  that  the  service  opera- 


period  (about  ten  seconds)  and  then,  by  a  gradually 
accelerating  blowdown,  reduce  this  pressure  so  that  as 
the  speed  of  the  train  diminished  the  brake  cylinder 
pressure  would  finally  reach  the  normal  emergency 
pressure  standard  witli  this  equipment,  namely,  about 
75  lb. 

PULL   SERVICE  BRAKE   APPLICATION 

Standard  PM  Brake  Equipment.  The  action  of  the 
PIM  equipment  during  a  service  application  of  the 
brakes,  is  illustrated  by  the  curves  (Fig.  13).  The  cars 
at  the  head  end  of  the  train  begin  to  apply  and  reach 
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Fig.  9    Universal  Valve,  UC  Equipment,  Face  View,  without  Electric 
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tions  of  the  ET  equipment  were  not  affected  in  any 
way,  but  when  an  emergency  application  of  the  brakes 
was  made  the  bypass  valve  operated  so  as  to  short  cir- 
cuit compressed  air  directly  from  the  main  reservoirs 
to  all  the  brake  cylinders  on  the  locomotive  and  tender. 
This  resulted  in  a  much  quicker  rate  of  rise  of  emer- 
gency brake  cylinder  pressure  and  a  much  higher  max- 
imum pressure  being  obtained  than  is  the  case  with  the 
standard  ET  brake.  To  protect  against  the  drivers 
sliding,  the  by-pass  valve  was  arranged  to  hold  the 
high   initial  brake  cylinder  pressure   for  a  .specified 


their  maximum  pressure  before  those  at  the  rear  of  the 
train,  which  is  true  of  any  form  of  pneumatically  con- 
trolled brake.  The  time  of  commencing  to  apply  on 
different  cars  varies  through  a  range  of  about  four 
seconds,  which  is  an  indication  of  the  relatively  slow 
serial  response  of  the  brake  mechanism  to  a  gradual 
fall  in  brake  pipe  pressure  controlled  by  pneumatic 
means  alone.  From  these  cards  and  similar  cards  for 
the  UC  pneumatic  equipment  (Fig.  14),  it  is  easily 
seen  that  there  is  a  considerable  time  element  involved 
in  starting  the  service  application  of  all  the  brakes  in 
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the  train  when  operating  pneumatically.  It  follows 
from  this  that  the  rate  of  ' '  build-up  ' '  of  brake  cylin- 
der pressure  in  a  service  application  must  be  relatively 
slow  in  order  to  avoid  shocks  which  resxilt  from  the 
brakes  applying  with  a  slow  serial  action  combined  with 
too  rapid  "  build-up  "  of  pressure  on  the  individual 
cars. 

The  total  time  required  to  reach  maximum  full  serv- 
ice brake  cylinder  pressure  is  nearly  12  seconds,  which 
shows  clearly  the  effects  of  the  long  train  (large  brake 
pipe  volume)  in  extending  the  time  required  to  make 
a  pneumatic  full  ser\-ice  brake  application  beyond  a 


braking  power  of  80  per  cent.  The  variations  in  the 
setting  and  the  individual  action  of  the  different  high- 
speed reducing  valves  is  the  cause  of  the  varying  de- 
grees of  maximum  braking  power  obtained  on  the 
different  cars. 

VC  Electro-Pneumatic  Equipment.  The  advantages 
of  the  electro-pneumatic  control  of  the  service  brake 
are  apparent  from  a  comparison  of  Fig.  15  with  Fig. 
14,  which  relates  to  the  UC  pneumatic  equipment. 
With  the  electro-pneumatic  brake  (Fig.  15),  the  ap- 
plication started  almost  simultaneously  on  all  cars  and 
built  up   to  maximum  brake   cylinder   pressure   at  a 
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Fig.  12    Diagrammatic  View  of  the  Universal  \'.\lve,  UC  EamPMENT,  showing  Sequence  of  Parts  and  Passageways 


minimum  which  is  fixed  by  the  design  of  the  equalizing 
discharge  feature  of  the  brake  valve ;  this  requires 
that  about  6  seconds  at  least  be  occupied  in  making  a 
fuU  service  brake  pipe  reduction. 

The  rate  of  rise  of  brake  cylinder  pressure  is  more 
rapid  than  it  woiild  otherwise  be,  however,  because  of 
the  use  of  the  larger  size  auxiliary  reservoirs  with  the 
PM  equipments.  For  a  given  brake  pipe  reduction  this 
results  in  a  higher  brake  cylinder  pressure  than  is  ob- 
tained with  a  smaller  size  reservoir  as  used  with  the 
UC  pnemnatic  equipment  for  the  purpose  of  insuring 
flexibility  of  service  operation  of  the  brakes. 

The  maximum  fuU  service  brake  cylinder  pressure 
is  a  trifle  over  60  lb.,  which  is  eqiaivalent  to  a  nominal 


unifonn  rate.  Furthermore,  the  rate  of  build-up  of 
brake  cylinder  pressure  is  not  dependent  upon  the 
length  of  train  as  it  is  in  the  case  of  any  pneumatically 
controlled  service  application.  The  maximum  service 
brake  cylinder  pressure  is  obtained  in  about  8  seconds 
instead  of  16  seconds,  required  by  the  same  brake 
eqiiipment  operating  pneumatically. 

PARTIAL  SERVICE  FOLLOWED  BY  EMERGENCY   APPLICATION 

PM  Brake  Equipment.  Fig.  16  shows  the  results 
obtained  with  the  PM  equipment  when  a  partial  serv- 
ice brake  application  is  made  followed  immediately  by 
the  movement  of  the  brake  valve  handle  from  service 
to  emergency  position. 
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It  is  barely  possible  to  distinguish  signs  of  the  emer- 
gency application  I'roiu  the  shape  of  the  curves  when 
compared  with  a  continuous  full  service  application 
with  this  equipment  without  any  emergency  (Fig.  13). 
Slightly  liigher  cylinder  pressure  was  obtained  on  most 
of  the  cars  sutKcient  to  operate  the  high-speed  reducing 
valves,  but  the  rate  of  obtaining  brake  cylinder  pres- 
sure is  the  same  as  if  no  emergency  application  had 
been  made. 

It  should  be  noted  that  the  serial  action  of  the  valves 
remains  the  same.  There  was  no  serial  quiclv  action 
effect  produced  by  the  emergency  application  follow- 
ing partial  sen-ice  application.  The  length  of  the  stop, 
as  would  be  expected,  is  but  little  different  from  that 
which  was  obtained  with  a  full  service  application  of 
the  brakes,  without  any  emergency  application. 

UC  Pneumatic  Equipment.  In  the  case  of  the  UC 
pneumatic  equipment  an  emergency  application  pro- 
duces serial  quick  action  and  full  emergency  brake 
cylinder  pressure,  whether  preceded  by  a  sei-viee  ap- 
plication or  not,  Fig.  17.  Consequently,  when  the 
emergency  application  was  made  all  the  brakes  applied 
simultaneously,  the  brake  cylinder  pressure  rose  at  the 
usual  emergency  rate  and  the  usual  emergency  maxi- 
mum cylinder  pressure  was  obtained.  The  result  of 
this  is  to  shorten  the  stop  by  about  300  ft.  compared 
with  that  obtained  with  a  fuU  service  application. 

VC  Electro-Pneumatic  Equipment.  The  action 
of  the  electro-pneumatic  equipment  (Fig.  18)  is  similar 
to  that  just  described  (Fig.  17),  except  that  the  time 
element  due  to  the  serial  pneumatic  application,  both 
service  and  emergency,  is  eliminated,  and  the  quicker 
rate  of  rise  of  brake  cylinder  pressure  during  the  serv- 
ice application,  which  is  due  to  the  local  venting  of 
air  from  the  brake  pipe  on  each  car,  is  produced  by  the 
electro-pneumatic  service  application  feature.  Both 
the  service  and  the  emergency  applications  occur  on  all 
cars  simultaneously  and  the  brake  cylinder  pressure 
rises  as  promptly  on  each  car  of  a  twelve  car  train  as 
it  w^oidd  on  a  single  car. 

A  direct  result  of  the  quicker  rate  of  brake  pipe  re- 
duction is  that  the  partial  service  reduction  deter- 
mined upon  is  completed  sooner  and  therefore  the 
emergency  application  is  made  earlier  in  the  stop  than 
with  the  pneumatic  equipment. 

The  result  of  these  several  advantages  is  to  produce 
a  much  shorter  stop  (about  500  ft..  Fig.  2.5)  than  with 
a  full  service  electro-pneumatic  application.  This 
shows  clearly  the  increased  safety  factor  of  the  im- 
proved brake  equipment  over  that  now  in  service  for 
conditions  requiring  the  greatest  possible  stopping 
power  after  a  service  application  of  the  brakes  has 
been  started. 

EMERGENCY    APPLICATION 

PM  Equipment.  Fig.  19  shows  characteristic  brake 
cj-linder  indicator  cards  for  PM  equipment  emergency 
applications.    The  rate  of  rise  of  brake  cylinder  pres- 


sure is  slightly  faster  and  the  maximum  pressure  ob- 
tained sliglitly  higher  than  would  ordinarily  be  the  case 
on  account  of  the  larger  size  of  auxiliary  resei-voirs 
used. 

The  characteristic  blow-down  action  of  the  high- 
speed reducing  valve  is  clearly  shown  by  the  shape  of 
the  curves.  The  cylinder  pi-L«sure  is  reduced  from 
an  average  of  about  78  lb.  at  the  beginning  to  nearly 
bO  lb.  at  the  end  of  the  stop. 

UC  Pneumatic  Equipment.  Fig.  20  shows  character- 
istic brake  cylinder  pressure  cards  obtained  with  this 
equipment,  emergency  application.  The  brake  cylinder 
pressure  rises  almost  instantly  to  its  maximum  value 
and  is  held  without  blow-down  throughout  the  stop, 
thus  utilizing  the  air  pressure  available  on  eacli  car  to 
its  fullest  extent  and  effect.  The  results  to  be  expected 
from  this  quick  rise  of  brake  cylinder  pressure  are  off- 
set to  a  certain  extent,  however,  by  the  relatively  slow 
rate  of  transmission  of  serial  quick  action  which  re- 
sulted in  the  stop  being  somewhat  longer  and  not  as 
smooth  as  would  have  been  the  case  otherwise. 

The  brake  cylinder  indicator  cards  (Fig.  20;,  show- 
that  the  time  of  transmission  of  serial  quick  action  was 
slightly  longer  than  with  the  PM  equipment.  This  was 
due  to  operation  of  the  valve  mechanism,  and  it  was 
found  possible  to  quicken  the  pneumatic  serial  quick 
action  feature  without  any  material  change  in  tlie  de- 
sign of  the  parts. 

JJC  Electro-Pneumatic  Equipment.  With  the  electro- 
pneumatic  equipment  a  simultaneous  and  almost  in- 
stantaneous application  of  tlie  brakes  in  the  train  is 
obtained.  The  valve  mechanism  on  each  of  the  cars 
causes  the  brake  cylinder  pressure  to  rise  to  its  maxi- 
mum as  quickly  as  the  physical  limitations  of  the  air 
brake  and  foundation  brake  gear  installation  as  a  whole 
will  permit  and  the  maximum  cylinder  pressure  thus 
obtained  is  maintained  without  blow-down  (Fig.  22). 

It  should  be  noted  that  the  only  difference  between 
the  UC  pneumatic  and  electro-pneumatic  emergency 
applications  is  in  the  elimination  of  the  time  element 
in  starting  the  application  of  the  brakes  on  the  various 
cars  in  the  train.  That  this  is  an  important  gain,  is 
shown  by  the  fact  that  the  emergency  stops  witli  the 
electro-pneumatic  brake  were  from  200  to  275  ft. 
shorter  than  with  the  pneumatic  equipment.  The  elec- 
tro-pneumatic emergency  stops  are  from  350  to  550  ft. 
shorter  than  those  obtained  with  an  emergency  appli- 
cation of  the  PM  equipment  and  also  are  devoid  of 
shocks. 

GRADUATED  RELEASE  STATION  STOP  AT  45  MILES  PER  HOUR 

UC  Pneumatic  Equipment.  This  test  was  made 
to  illustrate  the  proper  method  of  making  a  graduated 
release  stop.  The  initial  application  was  made  with  one 
continuous  full  service  brake  pipe  reduction,  was  then 
held  a  few  seconds  after  which  tlie  release  was  gradu- 
ated by  moving  the  brake  valve  handle  from  lap  to 
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running  position  and  then  back  to  lap  position,  four 
distinct  graduations  being  made.  This  resulted  in  the 
braking  power  being  reduced  substantially  in  accord- 
ance with  the  decrease  in  the  speed  of  the  train. 

Except  for  the  first  three  cars  in  the  train,  which  felt 
the  effects  of  a  graduation  of  the  release  most  promptly 
and  consequently  tended  to  release  sooner  than  the  cars 
toward  the  rear,  the  amount  of  brake  cylinder  pres- 
sure remaining  when  the  train  stopped  was  uniform 
throughout  the  train.  This  stop  was  very  smooth  from 
the  beginning  of  the  application  until  the  train  came  to 
a  standstill  and  the  low  cylinder  pressure  remaining 
at  the  end  entirely  eliminated  the  unpleasant  surging 
usually  experienced  when  the  train  comes  to  a  stop  with 
high  pressure  in  the  brake  cylinders. 

III.    BRAKE  RIGGING 

The  only  trustworthy  indication  we  have  of  the  rela- 
tive perfonnanee  of  different  brake  riggings  is  in  the 
length  of  the  stop  produced.  But  the  stop  is  a  re- 
sultant of  both  brake  shoe  and  brake  rigging  perform- 
ance, other  conditions  remaining  the  same.  During 
these  tests  no  satisfactoiy  separation  of  the  brake  rig- 
ging and  brake  shoe  performance  during  the  process 
of  stopping  was  effected.  Consequently,  when  the  stops 
produced  by  clasp  brake  rigging  are  being  compared 
with  those  made  by  a  rigging  having  but  one  shoe  per 
wheel  it  is  important  to  keep  in  mind  that  the  per- 
fonnanee in  each  case  is  a  resultant  of  both  brake  rig- 
ging and  brake  shoe  characteristics. 

The  varioiis  designs  of  rigging  tested  were  the  stand- 
ard brake  single-shoe  tj'pe  and  three  types  of  clasp 
brake  known  as  Nos.  1,  2  and  3,  respectively.  The 
single-shoe  brake  used  in  these  tests,  shown  in  Pig.  3, 
had  the  strength  of  various  rigging  members  increased 
to  allow  for  the  use  of  180  per  cent  emergency  braking 
power,  the  truck  dead  lever  anchored  to  the  car  body 
center  sill  and  the  brake  shoes  hung  about  4  in.  below 
the  horizontal  center  line  of  the  wheel.  The  effect  of 
the  position  of  the  brake  shoes  was  to  compress  the 
truck  springs  during  brake  applications,  causing  hori- 
zontal movement  of  the  brake  shoes  and  a  consequent 
increase  in  piston  travel,  which  tended  to  reduce  the 
effectiveness  of  the  brake. 

In  the  improved  (No.  3)  tj-pe  of  clasp  brake,  the' 
members  were  so  located  that  when  the  brake  was  ap- 
plied, all  the  rods  pulled  perpendicularly  to  their  re- 
spective levers  and  tlie  pull  rods  rested  on  rollers,  re- 
ducing the  friction  to  a  minimum.  The  shoes  were 
hung  as  high  as  conditions  would  pennit.  being  2i/2  in. 
below  the  center  line  of  the  axle,  tlie  brake  heads  were 
pin  connected  to  the  hanger  levers,  enabling  the  shoe 
to  adjust  itself  readily  to  the  wheel.  All  possible  re- 
duction was  made  in  the  sources  of  loss  in  the  trans- 
mission of  forces  from  the  brake  cylinder  to  the  brake 
shoe. 


TESTS    MADE    AND   RESULTS 

The  standard  (single  shoe)  brake  rigging  was  tested 
\uider  various  conditions  of  speed,  air  bi'ake  equipment 
and  braking  power,  using  the  complete  train  of  12  cars 
and  locomotive,  and  also  in  12  car  breakaway  stops. 
Tlie  clasp  brake  rigging  was  tested  in  single  car  break- 
away tests  only,  there  being  but  one  of  the  test  ears 
equipped  with  this  type  of  rigging.  Therefore,  in  com- 
paring the  different  types  of  rigging  it  will  be  neces- 
sary to  make  the  compai'isons  accordingly  so  far  as  the 
actual  stops  are  concerned,  although  a  method  has  been 
developed  whereby  the  probable  stop  of  a  complete 
train  can  be  computed  with  what  is  believed  to  be  rea- 
sonable accuracy. 

On  account  of  the  many  different  conditions  of  air 
brake  equipment,  per  cent  of  braking  power,  and 
manipulation  used  with  the  different  types  of  brake 
rigging,  it  is  necessaiy  to  choose  arbitrarily  some  rep- 
resentative combination  of  these  factors  and  compare 
the  different  riggings  all  on  the  same  basis.     For  this 

TABLE   1     EMERGENCY  STOPS  60  M.P.H.  WITH  ELECTRO-PNEU- 
MATIC BRAKE.  150  PER  CENT  NOMINAL  BRAKING  POWER 


Kind  of 
Brake 
Rigging 


Kind  of  Stop 


Standard. 


/Tr 
l|I2 


No.  1  clasp.  J 
No.  2  clasp.  J 

No.  2  clasp. .  . 
No.  3  clasp. . . 


rain 

car  breakaway. .  -  . 

Train 

12  car  breakaway 

Train 

12  car  breakaway  . . 
Single  car  breakaway. 
Single  car  breakaway. 


Stop  Distance 

Aver- 

in Ft. 

age 

Brak- 
ing 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

1049 

Power, 
Train 

1160 

1298 

133 

1228 

1291 

1178 

143 

1204 

1273 

1157 

135 

1145 

1183 

1112 

148 

1145 

1213 

1097 

134 

1136 

1178 

1073 

141 

1014 

1027 

1007 

140 

924 

1010 

873 

149 

Per  Cent 

Braking 

Power 

per  Lb. 

Cylinder 

Pressure, 

Cars 


1.473 
1.473 
1.499 
1.499 
1.450 
1.450 
1.430 
1.505 


purpose  the  best  available  records  are  those  of  the  so- 
called  check  runs,  namely,  emergency  stops  made  at 
GO  m.p.h.  with  the  complete  train  of  12  cars  and  loco- 
motive using  the  electro-pneumatic  air  brake  equip- 
ment and  150  per  cent  nominal  braking  power,  and  the 
breakaway  stops  under  similar  conditions. 

Table  1  gives  average  results  and  in  preparing  it 
tests  were  not  considered  in  which  the  stops  were  in- 
fluenced by  conditions  other  than  the  action  of  the 
brake  rigging. 

Inspection  of  the  table  shows  that  the  per  cent  brak- 
ing power  varied  somewhat  from  the  different  types 
of  rigging  tested.  This  variation,  so  far  as  the  differ- 
ence between  train  and  breakaway  is  concerned,  neces- 
sarily follows  from  the  effect  of  the  lower  braked  loco- 
motive. 

Comparing  the  braking  powers  for  the  train  using 
the  No.  1  clasp,  the  standard,  and  the  No.  2  clasp  brake 
and  for  the  12  car  breakaway  stops  with  these  types 
of  rigging  it  will  be  seen  that  the  variation  is  not  suf- 
ficient to  materially  affect  the  average  results  obtained. 
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The  No.  3  design  of  clasp  brake  was  tried  on  a  single 
car  only.  Consequently  its  performance  has  to  be  com- 
pared with  that  of  the  No.  2  clasp  brake  on  a  single 
car.  The  braking  power  per  pound  of  brake  cylinder 
pressure  for  the  No.  3  clasp  brake  was  higher  than  that 
of  the  car  having  the  No.  2  clasp  brake  as  shown  in 
the  table  and  due  allowance  must  be  made  for  this, 
but  after  making  due  aUowance,  the  stops  with  the  No. 
3  clasp  brake  are  still  materially  shorter  than  corre- 
sponding stops  with  the  No.  2  clasp  brake. 

To  sum  up,  therefore,  the  relative  perfonnance  of  the 
several  different  tj'pes  of  I'igging  tested  on  the  basis 
of  stopping  distance  alone,  would  on  the  whole  be  ar- 
ranged in  the  following  order:  Best,  the  No.  3  clasp 
brake ;  next,  the  two  experimental  designs  of  clasp 
brake,  Nos.  1  and  2,  and  lastly  the  single  shoe  brake. 

A  device  used  to  measure  the  efficiencies  of  the  brake 
rigging  tested  consisted  of  a  steel  ball  and  plate  of 
known  hardness  located  in  the  brake  rigging  as  near 
the  shoe  as  possible  so  that  the  force  transmitted  by  the 
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Fig.  13  Curves  showing  Rate  of  Building  Up  of  Brake  Cyl- 
inder Pressure  in  a  Full  Service  Application,  PM 
Equipment 

brake  rigging  passed  through  the  ball  to  the  plate  on 
its  way  to  the  brake  shoe.  The  diameter  of  the  im- 
pression was  measured  ■with  a  micrometer  microscope 
and  the  corresponding  pressure  determined  from  a  cali- 
bration curve  of  similar  impressions  made  under  direct 
known  pressure  on  a  testing  machine. 

The  ratio  of  the  pressure  at  the  brake  shoe  as  found 
by  this  method,  to  the  brake  shoe  pressure  which  should 
result  from  the  cylinder  pressure  and  the  total  lever 
ratio  known  to  exist,  represents  the  mechanical  effi- 
ciency of  the  rigging  in  per  cent. 

Tests  of  this  character  were  made  both  when  the  cars 
were  running  and  standing,  but  on  account  of  the  dis- 
turbing influences  encountered  during  the  running 
tests,  it  was  decided  to  consider  only  the  standing  tests, 
for  which  tlie  data  obtained  were  more  consistent.  It 
should  be  understood,  however,  that  the  efficiency  of 
the  transmission  of  the  forces  through  the  brake  rig- 
ging wlien  making  a  stop  was  considerably  different 
than  when  a  standing  brake  application  is  made,  due 


to  the  different  positions  assumed  by  the  brake  shoes 
and  levers,  caused  by  pulling  down  truck  spring  and 
increase  of  piston  travel. 

With  the  standard  brake  rigging  considerable  bind- 
ing took  place  in  the  measuring  device  which  affected 
the  accuracy  of  the  readings  and  is  probably  one  of 
the  causes  of  the  low  efficiency  shown.  With  the  other 
tj-pes  of  brake  rigging,  however,  the  results  were  re- 
markably consistent.  In  fact,  by  the  aid  of  these  rec- 
ords, it  became  possible  for  the  first  time  to  fix  upon  a 
logical  basis  for  harmonizing  the  results  obtained  in 
road  tests  with  those  obtained  in  laboratory  tests  of 
bvake  shoes. 

PISTON    TRAVEL 

One  of  the  factors,  affecting  the  brake  rigging  effi- 
ciency, which  was  given  particular  attention,  was  the 
variations  in  piston  travel  with  different  cylinder  pres- 
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Fig.  14  Curv-es  showing  Rate  of  Building  Up  of  Brake  Cyl- 
inder Pressure  in  a  Full  Service  Application,  UC 
Pneumatic  Equipment 

sures.  Eecords  were  taken  of  the  length  of  piston  travel 
on  a  time  basis  and  of  brake  cylinder  pressures  and 
these  records  were  combined  to  form  the  brake  cylinder 
pressure  piston  travel  cuiwes. 

Referring  to  the  increase  in  running  emergency  pis- 
ton travel  over  standing  service  for  the  different  types 
of  rigging  tested  and  at  various  percentages  of  brak- 
ing power,  it  is  to  be  noted  that  the  increase  for  the 
'  No.  1  and  No.  3  clasp  brake  is  less  than  for  either  the 
standard  or  the  No.  2  clasp  brake,  due  in  part,  at  least, 
to  the  low  hung  brake  shoes  of  the  latter. 

IV.     PER  CENT  OF  BRAKING  POWER 

Definition.  The  total  brake  shoe  pressure  to  be  pro- 
vided by  a  steam  road  passenger  brake  installation  is 
detennined  according  to  the  empty  weight  of  the  car. 
For  convenience  the  pressure  afforded  by  a  full  service 
application  of  the  brakes  is  chosen  as  the  basis  upon 
which  different  installations  are  classified  and  (also  for 
convenience)  tlie  total  brake  shoe  pressure  is  usually 
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Fig.  15  Curves  showing  Rate  of  Building  Up  of  Brake  Cyl- 
inder Pressure  in  a  Full  Service  Application,  UC 
Electro-Pneumatic  Equipment 


Fig.  16    Cur\'es  showing  R.^te  of  Building  Up  op  Brake  Cyl- 
inder Pressure  in  a  Parti.il  Service  Followed  by  an 
Emergency  Application,  PM  Equipment 
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Emergency  Application,  UC  Pneumatic  Equipment 
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Fig.  19  Cur\'es  showing  Rate  op  Building  Up  of  Brake  Cyl- 
inder Pressure  in  an  Emergency  Application,  PM 
Equipment 
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expressed  in  terms  of  its  ratio  to  the  empty  weight  of 
the  car.  The  ratio  of  total  brake  shoe  pressure  to  total 
car  weight  has  always  been  termed  "  braking  power  " 
and  is  usually  expressed  as  "  per  cent  braking  power." 
It  has  been  common  practice  to  design  steam  road 
passenger  brake  installations  to  produce  a  full  service 
nominal  braking  power  of  80  or  90  per  cent ;  the  brak- 
ing power  obtained  in  emergency  applications  will  then 
depend  upon  the  characteristics  of  the  installation.  In 
the  case  of  the  P.  R.  R.  P-70  cars  witli  standard  PM 
brake  equipment  the  standard  nominal  braking  power 
is  80  per  cent.  In  emergency  application  nominal  113 
per  cent  braking  power  is  figured  upon,  but  in  practice 
less  than  this  is  always  obtained,  due  to  the  charac- 
teristics of  the  PM  equipment  whereby  the  maximum 
brake  cylinder  pressure  is  diminished  by  the  action  of 
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Fig.  21  Cur^t;s  showing  Rate  of  Building  Up  of  Brake  Cyl- 
inder Pressure  in  an  Emergency  Application  with  Im- 
proved Universal  Valve,  UC  Pneumatic  Equipment 

the  high-speed  reducing  valve,  the  effect  of  excessive 
piston  travel  and  so  on. 

With  tlie  improved  brake  equipment  the  standard 
nominal  braking  power  is  90  per  cent.  This,  although 
10  per  cent  higher  than  standard  with  PM  equipment, 
is  associated  with  a  smaller  size  auxiliary  reservoir 
which  results  in  a  slower  rate  of  increase  in  braking 
power  during  the  progress  of  a  service  application  of 
the  brakes.  This  affords  greater  flexibility  in  the  ma- 
nipulation of  the  brake  in  service  and  at  the  same  time 
makes  available  a  higher  maximum  service  braking 
power.  In  emergency  stops  braking  powers  ranging 
from  90  to  180  per  cent  were  employed. 

LENGTH    OP    STOP 

The  curves.  Fig.  23,  show  the  relation  between  the 
percentage  of  braking  power  and  the  length  of  stop, 


other  factors  being  substantially  constant.  The  curves 
are  plotted  for  single-car  breakaway  stops  from  60 
m.p.h.  with  the  No.  3  clasp  brake,  electro-pneumatic 
air  brake  equipment,  plain  brake  shoes  well  worn  in 
and  cracked. 

Taking  from  these  curves  the  stop  at  90  per  cent  as 
the  basis,  the  stop  at  125  per  cent  is  17.5  per  cent 
shorter,  that  at  150  per  cent  braking  power  25.5  per 
cent  sliorter,  and  that  at  ISO  per  cent  33  per  cent 
shorter.  An  interesting  development  from  this  is  that 
for  a  given  increase  in  braking  power  anywhere 
throughout  the  range,  a  constant  decrease  in  length  of 
stop  will  result,  this  constant  decrease,  however,  not 
being  equal  to  the  corresponding  increase  in  braking 
power.     For  example,  an  increase  of  25  per  cent  in 
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Fig.  22  Curves  showing  R.^te  op  Building  Up  of  Brake  Cyl- 
inder Pressure  in  an  Emergency  Apphc.ition,  UC  Elec- 
tro-Pneumatic Equipment 

braking  power  (from  90  up  to  112.5  per  cent  braking 
power)  results  in  a  decrease  of  about  12  per  cent  in 
the  length  of  stop  (from  1177  ft.  to  1033  ft.).  Simi- 
larly, a  25  per  cent  increase  in  braking  power,  from 
144  up  to  180  per  cent,  results  in  the  same  proportion- 
ate decrease  in  length  of  stop,  viz. :  from  896  ft.  to  787 
ft.,  which  is  a  12  per  cent  decrease,  as  at  the  lower 
braking  power. 

An  analj-sis  of  the  curves  on  Fig.  23  shows  that  for 
single  car  breakaway  stops  from  a  speed  of  60  m.p.h., 
using  the  electro-pneumatic  brake,  the  relation  between 
the  percentage  of  braking  power  and  length  of  stop  can 
be  expressed  by  the  following  equation : 

in  which  S  =  the  length  of  stop 
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K  =  a  constant  determined  by  the  character  of  the 
air  brake  equipment,  brake  shoes  and  brake 
rigging. 
P  =  percentage  of  braking  power  corresponding 

to  the  cylinder  pressure  obtained, 
a;  =  a  fractional  exponent,   depending  upon  the 
effect  of  the  percentage  of  braking  power  on 
the  brake  rigging  efficiency  and  the  coeffi- 
cient of  friction  of  the  brake  shoes. 
This  law  is  found  to  apply  to  both  of  the  curves  in 
Fig.  23  and  that  it  holds  for  still  lower  braking  powers 
than  here  shown  was  proven  by  both  road  and  labora- 
tory tests  at  low  percentages  of  braking  power  (50  to 
60  per  cent) ,  the  residts  of  which  satisfied  the  relation 
which  had  previously  been  found  to  exist  between  stops 
under  similar  conditions,  but  at  percentages  of  brak- 
ing power  ranging  between  90  per  cent  and  180  per 
cent.    Manifestly,  however,  this  law  could  not  hold  at 
very  low  percentages  of  braking  power. 

Eeferring  to  Fig.  23  the  equation  for  the  line  showing 
the  best  60  m.p.h.  stop  is 

1107.5 

"  p0.581 

and  for  the  line  showing  the  average  60  mUes  per  hour 
stops 


S  = 


1169.2 


pO.583 

An  approximate  expression  for  the  variation  of  per- 
centage of  braking  power  and  length  of  stop  with  the 
electro-pneumatic  equipment,  is  that,  for  an  increase 
of  5  per  cent  in  the  braking  power,  the  stop  is  de- 
creased 2  per  cent. 

The  above  equations  correspond  to  the  theoretical 
relations  which  result  from  a  consideration  of  the 
primary  factors  involved.  Neglecting  air  and  internal 
resistance  on  the  one  hand  and  the  rotative  energy  of 
the  wheels  and  axles  on  the  other  hand  and  considering 
the  stop  to  be  made  on  a  straight  level  track,  we  have, 
for  the  portion  of  the  stops  that  the  brakes  can  be  con- 
sidered fully  applied 

W 

PS.  =  1/2  -'^v' 

9 


PWefS^  = 


Wv- 


or 


S..= 


Pef  SOPef 

in  which 

F  =  total  retarding  force  in  lb. 
S;  =  that  portion  of  the  stop  in  ft.  during  which 
the  brakes  can  be  considered  fully  applied 
W  =  weight  of  train  in  lb. 

V  =  speed  of  train  in  ft.  per  second 

V  =  speed  of  train  in  miles  per  hour 

P  ^=  nominal  percentage  of  braking  power  corre- 


sponding to  average  brake  cylinder  pres- 
sure during  time  brakes  are  applied 
e  =  efficiency  of  brake  rigging 
/  =  mean  coefficient  of  brake  shoe  friction 
g  =  acceleration  due  to  gravity  32.2  ft.  per  sec. 
per  sec. 
For  the  short  time  t,  at  the  commencement  of  the 
stop  during  which  the  brakes  may  be  considered  as  hav- 
ing no  effect,  the  distance  traveled  will  be  S-^  =:  vt  = 
1.467  Vt. 

The  total  length  of  stop  S,  is  then 

S  =  S,  +  S.  -  1.467Ff  +  :^p^ 

For  a  given  type  of  brake  equipment  and  at  a  given 
speed,  V  and  t  are  constants  and  the  theoretical  rela- 
tion between  the  length  of  stop  and  percentage  of  brak- 
ing power,  other  conditions  being  equal  and  as  assumed 
above,  is  then 

in  which  e,  the  efficiency  of  the  brake  rigging,  remains 
practically  constant  throughout  the  range  of  values  of 
P  used  in  these  tests.    Let 

/,  the  mean  coefficient  of  friction,  is  known  to  decrease 
as  P  increases,  other  conditions  being  the  same.  It  may 
therefore  be  assumed  that 


f- 


~  =  cP' 

pz 


where  z  is  less  than  imity. 

The  expression  for  length  of  stop  can  now  be  written 


S^k  + 


PcP-^  '  P^-"  '  P^  P^ 

In  this  expression  fc  is  a  constant  term  resulting  from 
the  fact  that  the  brake  applies  gradually  instead  of 
instantaneously  to  its  maximum  value. 
For  practical  purposes  the  formida 

can  be  used  as  substantially  the  equivalent  of  more 
accurate  but  less  simple  formula,  provided  that  the 
proper  value  of  K  is  determined.  This  can  be  shown 
from  the  test  data  to  be  possible  without  involving  an 
error  of  more  than  2  per  cent  at  the  extremes  of  the 
range  of  these  experiments,  the  error  being  stiU  less 
at  intermediate  points. 

In  the  relation  /  =  -^    the  values  of  c  and  z  can 

be  evaluated  from  the  data  furnished  by  the  curves, 
Fig.  23.    We  have 

1107.5       ,    ,      ^        K 


S 


and  also  S 


po.sai    "•""  uiovy  .J         pi-i 

Therefore  I-2  =  0.581  and  z  =  0.419 


f  =  yr  = 


For  P=  1.5  (60  m.p.h.  stops  being  considered  now) 
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we  know  that  a  fair  average  value  for  /  is  0.10.    There- 
fore 

0.10  = 


150.41. 

for  which 

c  =  0.12 
Therefore  an  approximate  relation  between  the  mean 
coefficient  of  brake  shoe  friction  and  per  cent  braking 
power,  resulting  from  the  data  of  these  tests  (and  ap- 
plies therefore  only  to  the  range  covered  by  tliese  tests) 
for  speeds  of  60  m.p.h.  plain  cast  iron  brake  shoes, 
clasp  brake  rigging,  is 

0.12 

■'  DO. 419 

WHKEL    SLIDING 

Tests  were  considered  as  having  excessive  wheel  slid- 
ing when  the  sum  of  all  slides  was  3000  ft.  or  over  in 
12  car  train  tests  and  250  ft.  in  single  car  tests.  These 
arbitrary  figures  were  chosen  when  an  analj'sis  of  the 
wheel  sliding  data  developed  that  the  sum  of  all  slides, 
when  less  than  3000  ft.  was  not  sufScient  to  have  any 
material  effect  on  the  length  of  stop  and  was  usually 
made  up  of  relatively  short  slides  on  a  number  of  pairs 
of  wheels,  but  when  more  than  3000  ft.  several  pairs 
of  wheels  usually  slid  for  the  greater  part  of  the  stop- 
ping distance,  making  the  sum  of  all  slides  well  above 
this  figure.    Slides  under  15  ft.  were  not  recorded. 

With  the  No.  1  clasp  brake,  wheel  sliding  occurred  at 
low  as  well  as  at  high  percentages  of  emergency  brak- 
ing power.  These  tests,  however,  were  run  between 
February  10  and  March  5  when  there  was  a  compara- 
tively low  prevailing  air  temperature  which,  with  the 
high  humidity  characteristic  of  the  locality  brought 
about  an  adverse  rail  condition.  The  bad  rail  condi- 
tion was  especially  marked  in  the  first  tests  of  the  day 
which,  with  few  exceptions,  were  electro-pneumatic 
emergency  applications  at  150  per  cent  braking  power. 

Out  of  a  total  of  90  emergency  tests  at  150  per  cent 
braking  power  made  with  the  No.  1  clasp  brake,  62 
tests  developed  no  wheel  sliding  at  all.  Of  the  28  in 
which  there  was  wheel  sliding,  13  were  the  first  runs 
of  the  day,  previous  to  which  there  was  a  period  of  two 
hours  when  the  track  had  not  been  run  over  by  other 
trains.  This  permitted  an  accumulation  of  frost  or 
moisture  on  the  rail  during  that  interval.  Few  tests, 
made  subsequent  to  the  first  run  of  the  day,  showed 
excessive  wheel  sliding,  and  it  may  be  concluded  that 
the  rail  condition  referred  to  was  chiefly  responsible 
for  the  sliding  that  occurred. 

The  tests  with  the  other  types  of  brake  were  made 
later  in  the  spring  when  the  weather  was  more  favor- 
able to  good  rail  condition,  and  that  in  these  tests  there 
is  a  marked  decrease  in  excessive  wheel  sliding. 

An  analysis  of  the  percentage  of  runs  with  wheel 
sliding  at  various  percentages  of  braking  power  shows 
that  with  plain  shoos  the  amount  of  wheel  sliding  de- 


pends rather  on  tlie  rail  and  weather  conditions  than 
on  the  percentage  of  braking  power. 

A  total  of  282  emergency  tests  at  150  per  cent  brak- 
ing power  were  made  with  the  various  types  of  brakes ; 
of  this  number  22  per  cent  had  wheel  sliding,  10  per 
cent  occurring  during  the  tests  of  the  No.  1  clasp  brake. 

At  180  per  cent  braking  power  with  plain  shoes, 
wheel  sliding  occurred  on  but  7  out  of  36  tests.  With 
flange  shoes  sliding  occurred  in  11  out  of  23  tests.  In 
only  one  test  of  the  59,  with  180  per  cent  braking 
power,  was  there  wheel  sliding  amoiuiting  to  over 
3000  ft. 

From  the  above  it  follows,  that  the  determining 
factor  in  wheel  sliding  is  not  high  braking  power  alone 
but  rather  the  uncontrollable  conditions  of  rail  and 
weather  in  connection  with  it,  against  which  no  perma- 
nent provision  can  be  made  without  a  sacrifice  in  the 
length  of  emergency  stops  during  those  favorable 
periods  of  the  day  or  seasons  of  the  year  when  condi- 
tions warrant  the  use  of  high  braking  power. 

Whether  the  sliding  of  wheels  will  or  will  not  cause 
flat  spots  of  a  size  sufficient  to  produce  rough  riding 
of  the  car  depends  entirely  on  circumstances;  for  ex- 
ample, a  condition  of  rail  surface  which  will  cause  a 
considerable  amount  of  wheel  sliding,  with  relatively 
low  percentages  of  braking  power,  is  a  condition  which 
at  the  same  time  will  permit  long  slides  to  occur  with- 
out producing  noticeable  flat  spots.  On  the  other  hand, 
when  the  rail  is  in  good  condition,  or  in  the  extreme 
case  of  a  sanded  rail,  a  very  short  slide  may  produce 
flat  spots  of  a  size  requiring  prompt  attention.  No 
flat  spots  were  obtained  of  sufficient  size  to  necessitate 
changing  wheels  during  the  tests,  although,  on  account 
of  the  number  of  small  spots  accumulated  upon  the 
wheel  tread,  it  was  found  advisable  to  change  some 
wheels  before  the  cars  were  put  back  into  regular 
service. 

COEFFICIENT   OF    RAIL    FRICTION 

In  determining  the  coefficient  of  rail  friction  by 
use  of  the  rail-friction  machine,  the  same  section  of  rail 
was  used  at  all  times.  The  kinetic  coefficient  of  friction, 
or  the  ratio  of  the  force  required  to  keep  the  weights 
moving  slowly  and  the  pressure  of  these  weights  upon 
the  rail,  was  found  to  give  more  consistent  readings 
than  observations  of  the  "  static  "  coefficient. 

The  kinetic  values  detennined  range  between  12  and 
35  per  cent,  mth  the  great  majority  of  readings  rang- 
ing between  22  and  30  per  cent.  The  records,  when 
taken  in  connection  with  simultaneous  readings  of  air 
temperature  and  relative  humidity,  show  that  the  co- 
efficient of  rail  friction  decreases  with  an  increase  ki 
the  relative  humidity  for  temperatures  below  the  freez- 
ing point,  whereas  the  coefficient  of  rail  friction  is  not 
greatly  affected  by  high  humidities  as  long  as  the  tem- 
perature is  high,  but  begins  to  fall  as  the  temperature 
approaches  the  freezing  point. 
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As  an  interesting  study  of  the  effects  of  these  various 
factors,  consecutive  observations  were  taken  of  the 
coefficient  of  rail  friction,  air  temperature,  relative  hu- 
midity and  barometric  pressure  for  a  period  of  twenty- 
four  hours.  It  is  significant  that  the  coefficient  of  rail 
friction  obtained  on  the  first  reading  in  the  early  morn- 
ing was  practically  the  same  as  that  found  for  a  well 
greased  rail  later  in  the  day. 

There  was  no  great  consistency  between  tlie  readings 
obtained  for  coefficient  of  rail  friction  and  the  amount 
of  wheel  sliding  experienced.  While  as  a  rule  the 
greatest  amount  of  wheel  sliding  occurred  during  the 
first  runs  of  the  morning,  at  which  time  the  coefficient 
of  rail  friction  was  usually  low,  it  was  also  a  fact  that 
occasionally  considerable  wheel  sliding  would  be  expe- 
rienced wlien  the  coefficient  of  rail  friction  observed 
previous  to  such  tests  had  been  about  at  its  average 
value. 

This  led  to  the  conclusion  that  other  factors,  sucli  as 
shock,  slack  action,  and  foreign  matter  on  the  rail  sur- 
face, have  a  controlling  iniluence  in  causing  wheel 
sliding. 

Tests  were  made  of  the  experimental  device  that  was 
applied  to  the  locomotive  to  give  a  higher  maximum 
emergency  braking  power  in  a  shorter  time  than  is 
obtained  with  the  standard  ET  equipment,  in  order  to 
overcome  the  shock  resulting  from  the  maximum  emer- 
gency braking  power  on  the  cars  being  higher  and 
much  more  quickly  obtained  than  that  on  the  locomo- 
tive. 

Comparative  car  and  tender  brake  cylinder  cards 
and  slack  action  diagrams  for  60  m.p.h.  emergency 
stops,  electro-pneumatic  equipment,  150  per  cent  brak- 
ing power  on  cars,  with  and  without  the  higher  braking 
power  on  the  locomotive,  shows  that  the  sudden  and 
considerable  slack  action  on  the  records  taken  between 
ears  1  and  2,  indicating  the  shock  received  at  the  draft 
gears  about  two  seconds  after  the  brakes  are  applied 
is  much  less  severe  when  the  locomotive  is  braked 
higher  than  normally.  The  result  is  a  comparatively 
slow  relative  movement  between  cars,  which  is  not  no- 
ticeable to  passengers. 

V.     GENERAL  DISCUSSION  OF  STOPS 

The  shortest  60  m.p.h.  emergency  stop  was  made  with 
a  single  ear  (locomotive  not  attached)  with  the  No.  3 
clasp  brake  electro-pneumatic  equipment,  ISO  per  cent 
braking  power,  and  flanged  brake  shoes.  The  car  was 
stopped  under  these  conditions  in  725  ft.  The  average 
retarding  force  for  this  test  was  332  lb.  per  ton.  This 
is  equivalent  to  the  resistance  offered  by  a  16.6  per  cent 
grade  on  which  one  end  of  a  P-70  ear  (80  ft.  long) 
would  be  13.3  ft.  higher  than  the  other  end. 

This  stop  of  725  ft.  from  60  m.p.h.  made  with  a  mod- 
em heavy  passenger  equipment  car  establishes  a  new 
record  for  a  railway  car  stop. 

Assuming  a  rail  adhesion  of  25  per  cent,  the  shortest 


possible  stop  which  could  be  obtained,  by  utilizing  this 
adliesiou  to  its  maximum  throughout  the  period  of 
braking,  would  be  481  ft.  This  would  require  an  ideal 
brake  shoe  and  a  controlling  mechanism  which  woiild 
automatically  adjust  the  retarding  force  of  the  brake, 
so  that  it  would  be  at  all  times  the  maximum  which 
could  be  used  just  short  of  producing  wheel  sliding. 

The  shortest  80  m.p.h.  stop  was  made,  with  condi- 
tions the  same  as  mentioned  above,  in  1422  ft.  This  is 
equivalent  to  an  average  retarding  force  of  310  lb. 
per  ton. 

From  the  data  of  stops  made  with  locomotive  alone 
and  single  car  breakaway  stops  it  is  possible  to  cal- 
culate the  approximate  length  of  stop  which  would  be 
obtained  with  a  locomotive  and  train  of  twelve  ears 
equipped  with  the  electro-pneumatic  brake. 

Calculated  from  the  results  of  single  car  breakaway 
tests,  the  best  60  m.p.h.  train  stop  that  could  have  been 
obtained  with  the  means  available  during  these  tests  is 
about  800  ft.  and  the  best  80  m.p.h.  stop  about  1570  ft. 

The  shortest  60  m.p.h.  train  stop  with  a  locomotive 
and  train  of  twelve  cars  was  1021  ft.  This  was  made 
with  high  braking  power  on  the  locomotive  and  No.  1 
clasp  brake,  electro-pneumatic  equipment,  ISO  per  cent 
braking  power  and  plain  shoes  on  the  cars. 

The  shortest  80  m.p.h.  train  stop  was  made  in  2197 
ft.  with  high  braking  power  on  the  locomotive  and 
with  No.  1  clasp  brake,  electro-pneumatic  equipment, 
150  per  cent  braking  power  and  plain  shoes. 

CHECK   BUNS    AND    AVERAGES 

In  iDrevious  brake  tests  the  average  of  two,  or  at  the 
most  three,  stops  under  a  particular  set  of  conditions 
was  thought  sufficient  to  establish  the  average  perform- 
ance of  the  train,  but  a  study  of  the  situation  revealed 
many  variations  in  performance  which  could  not  be 
accounted  for  bj'  any  known  differences  in  the  equip- 
ment, adjustment,  or  manipulation.  In  order  to  deter- 
mine the  amount  and  cause  of  such  variable  perform- 
ances as  might  result  under  supposedly  constant  con- 
ditions, a  series  of  so  called  check  runs  was  scheduled, 
one  test  to  be  made  at  the  beginning  and  another  at  the 
end  of  each  day's  work,  all  conditions  being  kept  the 
same  throughout  the  entire  series  of  tests  as  far  as  pos- 
sible. These  stops  were  all  made  from  a  speed  of  60 
m.p.h  with  the  complete  train,  standard  braking  power 
on  the  locomotive,  electro-pneumatic  equipment,  150  per 
cent  braking  power,  and  plain  shoes  on  the  cars. 

It  was  observed  that  after  the  brake  shoes  were  well 
worn  in  and  no  change  was  made  in  apparatus  or 
manipulation  for  a  considerable  period  of  time  the 
check  runs  of  such  a  group  of  tests  would  show  but  lit- 
tle variation  (for  example  five  such  tests  averaged  1181 
ft.,  with  a  maximum  only  S  ft.  longer  and  a  minimum 
only  11  ft.  shorter  than  the  average).  However,  when 
any  change  was  made,  sucli  as  in  locomotives  used,  in 
per  cent  braking  power  of  locomotive  and  tender,  or 
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iu  bi'ake  shoes  such  as  the  replacement  of  a  number 
of  worn  shoes  by  new  ones,  or  the  gradual  wearing  in 
of  the  brake  shoes  on  the  whole  train,  during  the  early 
part  of  a  new  series  of  tests,  the  length  of  stop  obtained 
would  vary,  showing  that  the  effect  of  new  factors  so 
introduced  might  be  considerable. 

The  results  of  the  complete  series  of  cheek  runs  indi- 
cated that  the  variations  are  unavoidable,  except  by 
the  most  careful  provision  for  the  constancy  of  all 
factors  which  have  an  effect  on  the  stop.  The  brake 
shoe  bearing  is  the  most  difficult  factor  to  control  and 
at  the  same  time  it  is  the  most  potent  in  pi-oducing 
variations  in  brake  perfoimance. 

An  example  of  the  importance  of  the  brake  shoe  con- 
dition and  the  manner  in  which  it  can  be  affected  was 
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Fig.  23  Curves  showing  Lengths  of  Stop  in  Single  C.\r 
Emergency  Breakaway  Stops  made  with  No.  3  Clasp 
Brake,  from  60  m.p.h.  with  the  Electro-Pneumatic 
Equipment 

afforded  by  one  of  the  cheek  runs  with  the  standard 
(single  siioej  brake  rigging.  This  stop  of  1049  ft.  was 
the  shortest  60  m.p.h.  irarn  stop  actually  made  with  150 
per  cent  braking  power.  Had  the  cars  been  stopped 
alone,  i.e.,  without  the  locomotive,  this  stop  would  have 
been  approximately  960  ft.  This  was  not  only  the 
shortest  stop  made  with  this  train,  but  was  shorter  than 
any  check  run  with  trains  equipped  with  clasp  brake 
rigging.  It  was  made  under  peculiarly  favorable  con- 
ditions ;  while  it  was  the  first  inm  of  the  day,  the  rail 
condition  was  good  and  the  test  followed  nine  tests 
at  a  low  (90  per  cent)  braking  power  which  insured  the 
best  possible  shoe  bearing.  The  favorable  shoe  bearing 
was  further  contributed  to  by  the  light  service  applica- 
tions made  during  the  movement  of  the  train  from  and 


to  the  test  ground  and  by  the  standing  of  the  train  over 
night. 

Oh  the  other  hand  the  longest  stops  of  the  check  nms 
with  any  arrangement  of  brake  rigging  were  also  made 
with  this  same  train  (single  siioe  rigging),  under  iden- 
tical conditions  so  far  as  could  be  provided,  of  air  brake 
mechanism,  brake  rigging  and  all  other  controllable 
factors,  but  after  the  shoe  conditions  became  unsatis- 
factoiy,  due  to  many  shoes  i-unning  partially  off  the 
wheel.  Three  such  stops  were  1359  ft.,  1361  ft.,  and 
1389  ft,  respectively  from  60  m.p.h.,  or  over  300  ft. 
longer  than  the  short  stops  mentioned  in  the  preceding 
paragraph.  This  shows  that  for  a  constant  set  of  con- 
ditions (other  than  that  of  the  brake  shoes)  the  short- 
est and  also  the  longest  stops  of  the  entire  series  of 
comparative  tests  were  brought  about  by  variations  in 
brake  shoe  condition  alone. 

TESTS  WITH  NO.  3  CLASP  BRAKE  ON  SINGLE  CAK 

The  No.  3  clasp  brake  was  applied  to  but  one  car 
and  in  making  tests  this  car  was  separated  from  the 
locomotive  before  reaching  the  point  on  the  test  track 
at  which  the  brakes  were  automatically  applied,  so  that 
the  stop  of  the  ear  alone  might  be  observed.  This  af- 
forded an  opportunity  for  controlling  the  conditions 
and  insuring  a  freedom  from  influences  other  than  those 
under  investigation  or  bej'ond  control  which  is  attain- 
able to  a  very  much  less  degree  in  making  breakaway 
stops  with  a  number  of  ears  and  to  a  still  less  degree 
when  making  stops  with  a  complete  train  of  locomo- 
tive and  cars.  On  the  other  hand,  however,  the  fact 
that  the  individual  cars  necessarily  differ  in  perform- 
ance must  not  be  overlooked,  and  the  performance  of 
a  single  car  cannot  be  accepted  unreservedly  unless  it 
is  knovsTi  that  the  ear  tested  is  fairly  representative  in 
every  way  of  all  cars  in  its  class. 

In  studying  the  stops  made  with  the  No.  3  clasp 
brake,  the  distance  of  the  stop  being  plotted  against 
the  actual  per  cent  braking  power  realized,  calculated 
from  the  brake  cylinder  pressure  observed  for  each 
test,  there  was  again  shown  a  variation  in  length  of 
stop  of  nearly  3oo  ft.,  which  can  be  attributed  to  vari- 
able brake  shoe  action  alone,  since  other  conditions 
were  maintained  substantially  consistent.  An  impor- 
tant consideration  in  this  connection  is  that  this  vari- 
ation occurred  when  even  the  longest  of  the  stops  were 
themselves  relatively  short.  This  is  a  condition  that 
renders  any  further  shortening  of  the  stopping  dis- 
tance by  any  of  the  means  within  control  of  the  de- 
signer, an  exceedingly  difficult  task. 

GENERAL    COMPARISONS   OP    STOP 

Figs.  24-26  are  chosen  from  the  large  number  of  sim- 
ilar comparisons  contained  in  the  complete  report  to 
illustrate  how  the  data  obtained  permits  of  making  a 
great  variety  of  comparisons,  according  to  the  kind  of 
comparative  data  desired.     The  diagrams  are  self  ex- 
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planatoiy,  sliowiug  average  results  expressed  in  terms 
of  the  length  of  the  stop  under  different  conditions  of 
train  make-up,  air  brake  equipment  on  cars  and  loco- 
motive, kind  of  brake  application,  per  cent  of  braking 
power,  type  of  brake  rigging,  tj'pe  of  brake  shoes,  and 
speed. 

Certain  variables  were  encountered  during  diiferent 
tests  which  were  fo\ind  to  have  more  or  less  effect  on 
the  comparative  value  of  the  averages.  As  there  was 
no  satisfactory  means  for  compensating  for  these  vari- 
ables, however,  such  averages  as  are  so  affected  have 
been  classified  as  follows : 

(1)  Car  stop  affected  by  locomotive. 

(2)  Braking  power  decidedly  lower  than  tests  of 

other  brake  rigging  or  of  the  same  brake 
rigging  at  other  speeds,  with  the  same  air 
brake  equipment. 


80  Wh 


{Figures  represent  lertqth  of  stop) 


1200       1600     200 
DISTANCt-FEET 


2600     J200 


Fig.   24     Comp.'iri.sons   of   Emergency  Stops   with   V.\rious 
Equipments  kts-d  Nomin.\l  Percent.^^ges  of  Braking  Power 

(3)  Braking  power  decidedly  higher  tlian  on  tests 

of  other  brake  rigging  or  of  the  same  brake 
rigging  at  other  speeds,  with  tlie  same  air 
brake  equipment. 

(4)  Speed  4  m.p.h.  or  more,  less  than  nominal. 
(5}   Bad  shoe  condition. 

COMPARISONS   Br:TWEEN    SINGLE    C.\R    AND    12-CAR    TRAINS 

In  making  comparisons  of  the  effects  of  the  various 
percentages  of  braking  power  on  the  length  of  stop  of 
the  complete  train  of  locomotive  and  12  cars  it  should 
be  remembered  that  the  nominal  per  cent  braking 
power  (unless  qualified)  represents  the  braking  power 
of  the  ears.  In  train  tests,  due  to  lower  braking  power 
of  the  locomotive  and  tender,  the  per  cent  braking 
power  of  the  train,  as  a  wliole,  is  somewhat  reduced. 


For  example  with  a  iv  locomotive  and  tender  half 
loaded  the  following  table  shows  the  braking  power  of 
the  cars  and  of  the  train  as  a  whole : 
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Fig.  26  Comparisons  op  Single  Car  Emergency  Break-^way 
Stops  with  Various  Nominal  Percentages  of  Braking 
Power 

The  load  on  the  tender  was  obser\'ed  for  each  test, 
and  due  allowance  was  made  for  this  in  calculating  the 
per  cent  braking  power  based  on  tlie  actual  brake  cylin- 
der pressure  obtained  for  tlie  entire  train. 

Figs.  27  and  2S  illustrate  the  characteristic  change 
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in  length  of  stop  for  different  initial  speeds  of  the  train, 
other  conditions  being  substantially  standard.  Fig.  27 
shows  the  average  results  obtained  with  locomotive  and 
12  car  train  using  the  oi-dinary  standard  (single  shoe) 
brake  rigging,  electro-pneumatic  air  brake  equipment 
and  ordinary  uuflanged  brake  shoes  with  various  per- 
centages of  braking  power  on  the  eai"s. 

The  curves  shown  for  train  stops  from  various  speeds 
with  the  No.  3  clasp  brake  (Fig.  28)  have  been  derived 
from  the  single  car  stops  by  assuming  that  the  same 
ratio  exists  between  the  single  car  and  train  stops  with 
the  No.  3  clasp  brake  as  was  found  to  exist  between  the 
single  car  and  train  stops  of  the  No.  3  clasp  brake. 
This  is  believed  to  be  the  best  possible  calculation  that 
can  be  made  of  the  probable  train  stops  with  the  No.  3 
clasp  brake  (for  which  only  single  car  breakaway  tests 
were  available)  which  would  compare  with  those  showoi 
in  Fig.  27. 

From  the  data  of  all  the  single  car,  60  m.p.h.  break- 
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Fia.  27  Comparison  of  Fiill  Train  Emergency  Stops,  from 
Various  Speeds  and  Percentages  of  Braking  Power, 
Standard  Single  Shoe  Brake 


tive  tests  were  made  in  order  to  determine  accurately 
the  performance  of  the  locomotive. 

When  the  electro-pneumatic  equipment  is  used  the 
probable  stop  of  a  train  of  any  number  of  cars  and 
locomotive  may  be  calculated  from  the  following  ap- 
proximate formula,  when  the  length  of  stop  and  weight 
of  a  single  car  and  of  the  locomotive  are  separately 
kno\\Ti.  This  method  does  not  take  into  account  the 
difference  between  the  time  elements  of  the  brake  ac- 
tion on  the  locomotive  and  on  the  cars,  which,  however, 
is  very  small  with  this  equipment,  its  effect  amounting 
to  about  three  ft.  in  the  computation  of  a  1000-ft.  stop. 
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"SVTiere  Wt  ^  weight  of  train,  locomotive  and  cars  in  lb. 
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Fig.  28  Comparison  of  Full  Train  Emergenct  Stops  from 
Various  Speeds  and  Percentages  of  Braking  Power, 
No.  3  Clasp  Brake 


away  stops,  the  curves  of  Fig.  29  have  been  plotted  to 
show  not  only  the  observed  relation  between  the  length 
of  stop  and  per  cent  braking  power  but  also  how  this 
relation  changed  for  different  types  of  brake  shoes  and 
brake  rigging  tested  and  again,  according  to  whether 
the  several  best  or  the  average  of  all  fairly  compara- 
tive stops  were  considered. 

ESTIMATED  TRAIN  STOPS,  NO.  3  CLASP  BRAKE 

The  various  types  of  car  brake  rigging  used  during 
the  tests  were  applied  to  the  12  cars  of  the  test  trains, 
with  the  exception  of  the  No.  3  clasp  brake  rigging. 
The  No.  3  clasp  brake  was  applied  to  but  one  car  and 
all  tests  made  in  connection  with  this  rigging  were  sin- 
gle car  breakaway  stops.  In  order  to  make  the  data 
of  these  tests  comparable  with  the  tests  of  other  types 
of  brake  rigging  it  would  be  necessaiy  to  compute  the 
probable  12  car  train  stops  of  the  No.  3  clasp  brake 
from  the  data  of  the  actual  single  car  breakaway  stops. 
With  this  object  in  view  a  series  of  separate  locomo- 


Tl'i  =  weight  of  locomotive  in  lb. 
Wc  =  weight  of  a  single  car  in  lb. 
/St  =  length  of  stop  of  train  in  ft. 
iSc  =  length  of  stop  of  a  single  car  in  ft. 
8\  =  length  of  stop  of  locomotive  in  ft. 
It  will  be  noted  that  by  means  of  the  above  formula 
a  12  car  and  locomotive  train  stop  can  be  computed  for 
any  initial  speed,  provided  the  necessary  single  car  and 
separate  locomotive  test  data  are  known  for  the  same 
speed. 

For  example,  from  the  data  of  the  best  stops  with 
the  No.  3  clasp  brake,  flanged  shoes,  single  car  break- 
away tests,  we  have : 

We  =  weight  of  car  =  125,200  lb. 
12We  =  1.502,400  lb. 

Wi  =  weight  of  locomotive  =  414,800  lb. 
W,  =  W,  +  12  We  =  1,917,200  lb. 
S,    =  1552  ft.,  stopping  distance  of  locomotive 
alone  from  a  speed  of  60  m.p.h. 
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991  ft.,  stopping  distance  of  single  car 
alone  at  90  per  cent  braking  power 
from  a  speed  of  60  m.p.h. 
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Testing   Machine   at  Different   Braking   Powers 
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valve  was  used  with  tlie  ET  equipment  on  the  loco- 
motive, a  shorter  stop  was  obtained  and  in  order  to 
work  out  the  train  stop  according  to  the  above  formula 
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Fig.  30     Computed  Train  Stops  B.\sed  on  Best  Single  Car 
Stops  with  No.  3  Clasp  Brake 
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Fig.  32    Curves  showing  Relation  of  Machine  to  Road  Tests 

for  this  condition  it  would  be  necessary  to  substitute 
for  the  value  of  /S,  =  1552  ft.,  the  value  of  Si  =  1228 
ft.,  which  was  the  average  stopping  distance  of  the  lo- 
comotive from  a  speed  of  60  m.p.h.  when  using  the 
special  high-pressure  emergency  bypass  valve. 

The  data  of  the  best  single  car  breakawaj^  stops  made 
with  the  No.  3  clasp  brake  from  a  speed  of  60  m.p.h.  at 
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various  percentages  of  braking  power,  with  both  plain 
cracked  and  flanged  cracked  shoes,  are  shown  in  Pig. 
29.  Using  these  data  as  a  basis  and  combining  with 
them  the  data  of  the  separate  locomotive  tests,  complete 
train  stops  were  computed  as  described  and  have  been 
plotted  in  Fig.  30.  It  will  be  noted  that  for  each  type 
of  shoe  two  cun'es  are  shown.  In  each  case  the  dotted 
and  solid  lines  represent  tlie  train  stops  which  would 
bo  obtained  if  the  locomotive  were  operated  respec- 
tively with  or  without  the  special  high-pressure  emer- 
gency bypass  valve. 

Fig.  30  is  also  of  interest  Ln  that  it  shows  the  gain 
from  the  use  of  flanged  instead  of  unflanged  shoes. 
The  best  single  car  breakaway  stop  with  flanged  shoes 
from  60  m.p.h.  and  180  per  cent  braking  power  was 
725  ft.  This  is  equivalent  to  a  12  car  train  stop,  using 
the  standard  ET  locomotive  equipment,  of  795  ft.  (Fig. 
30). 

BRAKING  POWER,  SERIAL  ACTION  AND  SHOCKS — LOW  SPEED 

STOPS 

There  is  but  little  on  record  concerning  the  likelihood 
of  shocks  due  to  a  high  emergency'  braking  power 
quickly  applied  at  low  speeds,  although  the  general  im- 
pression is  that  emergency  applications,  even  at  60 
miles  per  hour  or  over,  are  likely  to  be  rough  or  even 
dangerous  to  passengers.  This  is  a  wrong  impression. 
It  is  well  known  to  all  who  have  observed  the  action  of 
brakes  at  high  speeds  (and  it  was  the  invariable  expe- 
rience during  these  tests)  that  the  higher  the  speed 
the  less  noticeable  is  the  application  of  the  brakes. 

The  use  of  the  UC  pneumatic  and  electro-pneumatic 
equipments  at  the  same  speeds,  percentages  of  braking 
power  and  otherwise  similar  circumstances,  afforded  an 
opportunity  to  demonstrate  the  most  important  fact  in 
this  connection,  namely,  that  the  amount  of  braking 
power,  by  itself,  has  but  little  to  do  with  the  shock 
e.xperienced.  The  rate  of  transmission  of  serial  brake 
application  in  relation  to  the  rate  of  build  up  of  brake 
cylinder  pressure  on  each  car  or,  in  other  words  the 
action  of  the  slack  between  the  different  vehicles  in  the 
train,  is  the  controlling  factor.  With  the  electro-pneu- 
matic brake,  in  which  simultaneous  quick  action  of  the 
brakes  on  all  vehicles  is  obtained,  there  was  no  shock 
at  any  speed  or  percentages  of  braking  power  except 
the  slight  shock  on  the  first  few  cai-s  due  to  the  running 
out  of  slack  which  was  to  be  expected  on  account  of 
the  relatively  low  braking  power  on  the  locomotive. 
On  the  other  hand  with  the  pneumatic  equipment,  hav- 
ing an  appreciable  time  interval  between  the  applica- 
tion of  the  successive  ears  in  tlie  train,  shocks  were 
experienced. 

Tlie  most  marki'd  evidence  of  the  effect  of  the  time 
element  in  the  serial  action  of  the  brakes  and  resultant 
sliocks,  occurred  during  tlie  emergency  stops  made 
from  very  low  speeds.  In  foui'  tests  made  with  the  UC 
pneumatic  equipment  at  ten  and  at  twenty  miles  per 


hour,  the  resulting  shocks,  especially  in  the  last  third 
of  the  train,  were  extremely  severe,  being  in  effect  a 
collision  between  the  forward  end  of  the  train,  which 
was  almost  stopped,  and  the  rear  end  upon  which  the 
brake  application  was  having  but  little,  if  any,  effect 
at  the  time  the  rear  end  run-in  occurred.  The  fact  that 
this  test  was  made  with  the  UC  pneumatic  equipment, 
which  was  relatively  slow  in  transmitting  serial  quick 
action,  undoubtedly  caused  more  severe  shocks  thau 
will  be  experienced  with  the  considerably  smaller  time 
element  of  the  universal  valve  as  subsequently  modi- 
fied. 

That  shocks  disappear  entirely  when  the  time  ele- 
ment in  the  application  of  the  successive  brakes  in  the 
train  is  eliminated  w'as  shown  by  repeating  the  10 
m.p.h.  stop  using  the  electro-pneumatic  equipment. 
Notwithstanding  that  the  stop  was  made  in  a  shorter 
distance  than  before  (37  ft.,  instead  of  42  ft.,  and  45 
ft.  respectively),  the  difference  in  the  action  of  the 
train  was  marked.  There  was  no  shock  or  violent  slack 
action,  although  a  ver\'  high  rate  of  retardation  was 
produced. 

CHARACTERISTIC    SPEED,    RESISTANCE,    DECELERATION    AND 
POWER    CURVES 

During  any  stop  the  retardation  at  different  instants 
is  dependent  upon  the  resultant  normal  pressure  of  the 
brake  shoes  on  the  wheels,  the  instantaneous  value  of 
the  coefficient  of  brake  shoe  friction,  and  the  effect  of 
the  air  and  internal  resistances.  The  difference  be- 
tween the  effects  of  the  rotative  energy  of  the  wheels 
and  the  opposing  air  and  internal  resistances  is  rela- 
tively so  small,  compared  with  that  due  to  the  action 
of  the  brakes,  that  it  does  not  require  consideration 
here.  The  brake  resistances  increase  as  the  brake  cyl- 
inder pressure  increases,  during  the  time  the  brakes 
are  being  applied.  After  the  maximum  brake  cylinder 
pressure  is  reached  with  the  UC  equipment,  no  further 
change  in  brake  cylinder  pressui'e  takes  place.  Con- 
sequently, the  resultant  normal  pressure  is  substan- 
tially constant  from  that  point  to  the  end  of  the  stop. 
If  the  coefficient  of  brake  shoe  friction  was  constant 
throughout  the  stop,  the  resultant  resistance  and  re- 
tardation would  then  be  constant,  and  the  speed-dis- 
tance curve  would  be  a  true  parabola,  while  the  speed- 
time  curve  would  be  a  straight  line.  It  will  be  of  in- 
terest to  check  these  conclusions  with  the  results  ob- 
tained in  several  typical  tests. 

In  order  to  study  the  relations  of  the  factors  above 
mentioned  to  the  best  advantage,  typical  single  car 
breakaway  stops,  and  stops  with  the  locomotive  alone 
have  been  chosen,  which  eliminates  the  disturbing  in- 
fluences of  slack  action  (which  produce  apparent 
changes  in  retardation  which  are  not  characteristic  of 
tile  train  as  a  whole),  the  variations  in  the  retardation 
on  the  different  vehicles  comprising  the  train  (which 
would  require  the  averaging  of  all  data  for  all  cars  in 
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order  to  arrive  at  a  satisfactory  relation  betweeen  cause 
and  effect),  tlie  non-uniformity  of  brake  rigging  and 
braise  shoe  conditions  (wliich  can  not  be  as  satisfac- 
torily controlled  on  a  train  of  a  number  of  cars  as  on 
a  single  car)  and  the  variable  effect  of  the  locomotive. 
Speed-time  and  speed-distance  curves  were  plotted 
from  the  track  chronograph  records  of  the  various 
stops  chosen,  and  from  the  speed-time  curve,  time- 
deceleration  and  resistance  curves  have  been  plotted, 
the  ordinate  at  any  point  on  the  deceleration  cvirve  be- 
ing proportional  to  the  slope  of  the  tangent  to  the 
speed-time  curve  at  the  corresponding  point. 

The  curves  showing  decelei'ation  and  resistance  are 
not  horizontal  lines  beyond  the  point  where  the  brake 
becomes  fully  applied.  The  resistance  is  not  constant 
but  changes  more  or  less  as  the  speed  of  the  train  is 
reduced,  especially  toward  the  end  of  the  stop,  where 
a  considerable  and  continual  increase  in  retardation  is 
experienced.  As  pointed  out  above,  this  occurs  during 
the  time  the  brake  cylinder  pressure  is  constant,  and 
consequently  the  resultant  normal  brake  shoe  pressure 
is  substantially  constant.  The  conclusion,  therefore, 
follows  that  the  other  factor,  viz.,  the  coefficient  of 
brake  shoe  friction  is  changing  and  that  the  character 
of  the  changes  which  it  undergoes  is  accurately  por- 
trayed by  the  deceleration  curves  derived  as  explained. 
This  characteristic  change  in  the  coefficient  of  brake 
shoe  friction  has  been  a  matter  of  common  observation 
in  every  instance  where  train  tests  or  laboratory  tests 
of  brake  shoes  have  been  studied  from  this  point  of 
view.  A  fvirther  analysis  of  the  influences  whicli  bring 
about  the  characteristic  variations  in  brake  shoe  fric- 
tion will  be  found  in  the  chapter  on  Brake  Shoes. 

Having  the  deceleration  and  resistance  curve  thus 
plotted  on  a  time  basis,  the  value  of  the  resistance  at 
different  distances  from  the  point  of  brake  application 
can  be  determined  by  the  aid  of  the  speed-time  and 
speed-distance  curves.  In  this  way,  the  distance- 
deceleration  and  resistance  curves  were  plotted.  The 
work  done  during  any  portion  of  the  stop  is  propor- 
tional to  the  area  under  the  distance-resistance  curve. 

In  order  to  obtain  the  average  resistance  to  the  mo- 
tion of  the  train,  it  is  necessary  to  integrate  this  curve. 
The  shape  of  the  curve  at  the  beginning  is  determined 
by  the  more  or  less  rapid  rate  of  rise  of  brake  cylinder 
pressure,  which  depends  upon  the  kind  of  brake  equip- 
ment being  used.  In  order  to  arrive  at  a  relation  be- 
tween the  force  developed  in  the  brake  cylinder  or  at 
the  brake  shoe,  and  the  resulting  retarding  force,  it  is 
advantageous  to  consider  this  relation  from  the  stand- 
point of  constant  brake  cylinder,  or  shoe  pressure, 
throughout  the  stop.  Consequently,  it  is  desirable  to 
replace  the  effect  of  the  variable  pressures  acting  dur- 
ing the  time  the  brake  is  being  applied  by  their  equiva- 
lent effects,  had  the  maximum  pressure  developed  and 
held  throughout  the  stop,  been  realized  instantaneously. 
This  can  be  done  by  determining  the  point  of  equiva- 


lent instantaneous  application  of  retarding  force, 
which  is  the  point  at  which  the  maximum  retarding 
force  initially  developed  could  have  been  applied  in- 
stantaneously to  produce  the  same  effect  on  the  speed 
of  the  train,  as  was  realized  from  the  gradual  building 
up  of  retarding  force  that  actually  occurred.  The 
amount  of  work  required  to  reduce  the  initial  speed 
of  the  train  to  the  value  which  existed  at  the  time  the 
retarding  force  reached  its  initial  maximum  value,  is 
proportional  to  the  area  under  the  distance-resistance 
curve  up  to  this  point.  The  same  amount  of  work 
would  be  represented  if  the  gradually  rising  resistance 
curve  were  replaced  by  a  vertical  line,  representing  the 
development  of  the  same  maximum  retarding  force  in- 
stantly, but  at  a  point  such  that  the  work  done  in  the 
two  cases  is  the  same. 

Having  determined  the  point  of  equivalent  in- 
stantaneous application  of  the  retarding  force,  the 
average  resistance,  during  the  time  that  the  brake  may 
be  considered  fully  applied,  can  be  found  by  integrat- 
ing the  area  under  the  entire  distance-resistance  curve 
and  dividing  this  area  by  the  total  length  of  stop  minus 
the  distance  from  the  start  to  the  point  of  equivalent 
instantaneous  application. 

TABLE  2      EMERGENCY  12  CAR  TRAIN  STOPS  FROM  60  M.P.H. 


Stop 

Brake 

Brake 
Shoes 

Air  Bh.^ke 
Equipment 

Nominal 
Braking 

Rigging 

Power 

Best 

AVG. 

Plain 

Flanged. 

PM        .                .... 

113 
113 

1659 
1453 

1677 

Standard.  .  . 

PM 

1453 

No.  1  clasp. . . 

Plain 

UC  pneumatic 

125 

1405 

1443 

No.  2  clasp. . 

Plain 

VC  pneumatic 

125 

No  te 

sts 

No.  1  clasp. .  . 

Plain 

VC  electro-pneumatic. 

125 

1338 

1339 

No.  1  clasp. 

Plain 

UC  electro-pneumatic . 

150 

1157 

1204 

No.  2  clasp. . 

Plain 

UC  electro-pneumatic , 

125 

1317 

1332 

No.  2  clasp.. 

Plain 

UC  electro-pneumatic 

130 

1097 

1145 

No.  3  clasp. .  , 

Plain 

UC  electro-pneumatic 

(estimated) 

135 

1055 

No.  3  clasp. . . 

Plain 

UC  electro-pneumatic 

(estimated) 

150 

965 

Nu.  3  clasp. 

Flanged. .    .  . 

UC  electro-pneumatic 

(estimated) 

125 

935 

No.  3  clasp. 

Flanged 

UC  electro-pneumatic 

(estimated) 

150 

860 

A    SUMMARY    OP   GENERAL    RESULTS   WITH    A    TWELVE    CAR 

TRAIN 

Table  2,  giving  emergency  12  car  train  stops  from 
60  miles  per  hour  summarizes  the  stops  obtained  dur- 
ing the  road  tests  and  shows  briefly  the  gain  in  stop- 
ping distance  to  be  obtained  by  the  use  of  flanged  shoes, 
clasp  brakes  and  the  UC  pneumatic  or  electro-pneu- 
matic equipment. 

VI.    BRAKE  SHOES 

Prior  to  starting  the  tests  it  was  arranged  to  have 
the  brake  shoes  made  from  special  heats  and  to  be  as 
near  as  possible  to  the  noi-mal  composition  of  standard 
east  iron  shoes  in   order  that   the  variation   in   brake 
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shoes  might  not  affect  comparisons  of  air  brake  equip- 
ment and  the  brake  rigging.  Before  applying  these 
shoes  to  the  test  train  they  were  broken  in  ou  other 
trains  to  wear  off  the  face  surface  or  slight  chill  inci- 
dent to  foundry  practice.  When  so  broken  in,  with  an 
average  of  %  in.  of  thickness  removed  from  the  face, 
Brinell  hardness  readings  of  the  surface  were  taken 
and  the  shoes  grouped  according  to  hardness  numbers. 

At  the  time  of  breaking-in  the  shoes  for  the  test  train 
a  series  of  tests  was  made  to  determine  the  variation 
in  hardness  with  respect  to  wear.  The  results  of  this 
investigation  showed  that  when  the  shoe  is  new  a  wide 
variation  in  hardness  may  be  expected  between  shoes 
made  from  the  same  heat,  but  that  as  the  shoe  wears 
down  the  hardness  becomes  fairly  uniform  and  remains 
so,  decreasing  slightly  as  the  shoe  wears  out.  Although 
at  that  time  no  data  were  available,  it  was  thought  that 
Brinell  hardness  was  an  indication,  not  only  of  the 
ultimate  strength  of  the  face  metal  of  the  shoe  but  also 
was  related  in  some  way  to  the  coefficient  of  friction. 
Later  tests  confirm  this  belief,  but  at  this  time  the 
degree  of  this  relation  is  not  known.  The  indications 
are,  however,  that  the  harder  the  cast-iron  material 
the  lower  will  be  the  coefficient  of  friction  and  that  the 
highest  possible  coefficient  of  friction  from  cast  iron 
(at  least  under  clasp  brake  conditions)  is  obtained  with 
a  material  approaching  the  condition  of  the  shoe  when 
about  three-fourths  worn  out  and  having  a  Brinell 
hardness  number  of  about  190. 

The  greatest  unifonnity  of  action  and  tlie  highest 
friction  seem  to  be  obtained  when  the  brake  shoe  bear- 
ing on  the  wheel  is  best.  This  condition  woidd  natu- 
rally be  expected  to  follow  a  series  of  relatively  light 
applications  in  the  course  of  which  the  effects  of  tem- 
perature in  warping  the  shoe  are  kept  a  minimum. 

It  may  be  seen  here  that  this  most  desirable  condi- 
tion is  precisely  what  results  from  the  continued  use 
of  the  brakes  during  service  stops  on  the  road  and  con- 
sequently the  brake  shoes  as  worn  in  ordinary  train 
service  are  in  the  most  favorable  condition  for  making 
short  emergency  stops.  In  the  tests  this  condition  ap- 
peared at  times  to  have  been  reached  after  several  light 
braking  power  runs.  Stops  following  such  a  series  of 
runs  were  then  shorter  than  similar  stops  following 
several  tests  at  higher  braking  powers,  other  conditions 
being  the  same.  This  result  seemed  to  be  most  con- 
sistently obtained  with  the  single  shoe  train. 

The  schedule  of  tests  with  the  No.  3  clasp  brake  was 
arranged  with  this  in  mind,  but  the  effect  was  not  so 
noticeable  in  this  case,  there  being  indications  that  a 
good  shoe  bearing  with  the  clasp  brake  might  follow  a 
small  number  of  tests  made  at  high  braking  power  as 
well  as  a  much  larger  number  of  tests  made  at  lower 
braking  power.  The  influence  of  previous  tests  on  the 
shoe  bearing  for  any  particular  test  under  considera- 
tion is  so  obscured  by  other  conditions,  such  as  the  gen- 
eral wearing  in  of  the  shoes  that  necessarily  results  at 


any  braking  power,  that  the  observations  of  the  effect 
of  the  shoe  dressing  runs  are  of  questionable  value. 

A  consideration  of  the  results  of  the  warping  of  the 
shoe  led  to  the  conclusion  that  the  warping  could  be 
largel}'  eliminated  by  slotting  or  cracking  the  shoes  so 
that  they  would  be  more  free  to  conform  to  the  contour 
of  the  wheel.  As  a  matter  of  fact,  this  cracking  takes 
place  with  either  plain  or  flanged  shoes  after  a  number 
of  runs  have  been  made. 

As  a  further  study  of  the  influence  of  bearing  area 
on  the  performance  of  brake  shoes,  tests  were  made 
with  the  same  shoes  as  in  the  slotted  shoe  tests  but  with 
the  ends  broken  off  and  their  area  reduced  by  50  per 
cent.  The  first  stop  was  made  in  1031  ft.  This  was 
almost  as  short  as  the  shortest  stop  made  imder  similar 
conditions  with  the  full  area  unslotted  shoes  (1007  ft.). 
Subsequent  tests  with  these  partial  area  shoes  resulted 
in  stops  of  1210,  1190,  1193  and  1134  ft.  All  of  these 
stops  were  with  the  brake  shoes  at  a  high  temperature. 
These  results  tend  to  confirm  the  conclusion  that  the 
bearing  area  rather  than  the  total  face  area  of  the  shoe 
is  the  important  factor  in  brake  shoe  performance,  and 
that  the  bearing  area  on  the  first  test  with  half  area 
shoes  was  substantially  as  effective  as  that  of  the  full 
area  solid  shoes  which  were  undoubtedly  affected  by 
warping  to  a  considerably  greater  extent.  Further- 
more, the  much  longer  distances  run  in  the  four  stops 
following  the  first  with  the  one-half  area  shoes  dem- 
onstrated the  effect  of  shoe  temperature  which  was  off- 
setting the  probable  tendency  of  the  better  bearing 
area  condition  originally  secured  as  a  result  of  the  re- 
duced warping  effect. 

The  advantage  of  an  increased  bearing  area  was  dem- 
onstrated bej'ond  question  by  the  fact  that  the  use  of 
flanged  brake  shoes  after  being  worn  to  a  satisfactory 
bearing,  resulted  invariably  in  a  shorter  stop  than  un- 
der similar  conditions  with  unflanged  shoes.  The  short- 
est stops  made  in  the  entire  series  of  tests  were  with 
flanged  brake  shoes  and  their  use  shortened  the  stop 
approximately  12  per  cent  as  compared  with  the  best 
similar  tests  in  which  unflanged  shoes  were  used  under 
similar  conditions.  This  comparison  is  illustrated 
graphically  in  Fig.  30. 

Up  to  the  time  of  these  tests  there  was  no  definite 
laboratory  test  information  which  would  apply  to  the 
particular  braking  conditions  mider  investigation,  espe- 
cially with  reference  to  the  actual  brake  shoe  perform- 
ance as  distinguished  from  the  brake  rigging  perform- 
ance. To  supplement  the  road  tests,  a  series  of  labora- 
tory tests  was  earned  out  on  the  brake  shoe  testing 
machine  of  the  American  Brake  Shoe  and  Foundry 
Company,  at  Mahwah,  N.  J. 

A  study  of  all  the  bearing  area  measurements  leads 
to  the  conclusion  that  none  of  the  values  of  the  bearing 
areas  determined  are  sufficiently  accurate  to  establish 
a  time  relation  between  bearing  area,  pressure  density 
and  mean  coefficient  of  friction.     However,  the  data 
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are  such  that  it  is  possible  to  conclude  that  the  magni- 
tude of  the  bearing  area  does  change  throughout  the 
stop  and  is  greatest  near  the  end  of  the  stop.  It  was 
noticed  that  the  bearing  area  shifted ;  tliat  is  to  say,  a 
spot  which  was  found  in  the  bearing  area  early  in  the 
stop,  was  found  in  the  non-bearing  area  later  in  the 
stop. 

To  determine  the  effect  of  bearing  area  upon  the 
mean  coefficient  of  friction,  the  mean  value  of  the  brake 
shoe  bearing  area  throughout  the  stop  is  necessary, 
rather  than  the  total  and  relatively  high  value  observed 
after  the  stop.  A  study  of  the  data  in  a  general  way 
shows  that  the  greater  the  pressure  per  square  inch  of 
bearing  area,  the  lower  will  be  the  mean  coefficient  of 
friction. 

The  temperature  observations  taken  cannot  be  used 
to  establish  a  definite  relation  between  the  temperature 
of  the  working  metal  and  the  mean  coefficient  of  fric- 
tion, for  the  actual  temperatures  existing  at  the  bear- 
ing area  were  not  determined.  The  readings  evidently 
indicated  only  the  temperature  of  that  portion  of  the 
shoe  surrounding  the  pyrometer  element.  If  this  por- 
tion of  the  shoe  happened  to  be  in  working  contact  with 
the  wheel,  the  temperatures  would  be  correspondingly 
high,  but  when  the  bearing  area  shifted  to  some  other 
place  on  the  face  of  the  shoe  the  pyrometer  indicated 
merely  the  temperature  increase  due  to  the  conduction 
from  that  part  of  the  shoe  at  which  the  heat  was  being 
generated. 

For  this  reason  the  maximum  temperature  readings 
were  very  erratic  and  it  was  found  that  the  only 
method  which  would  give  imiform  temperature  read- 
ings was  to  allow  sufficient  time  after  an  observed 
maximum  reading  to  permit  the  heat  to  become  uni- 
formly distributed  by  conduction  throughout  the  whole 
shoe.  It  was  found  that  the  shoe  temperature  thii-ty 
seconds  after  maximum  was  consistent  and  propoi'- 
tional  to  or  a  function  of  the  initial  test  speed,  because 
the  total  amount  of  energy  dissipated  by  the  shoe  in 
any  stop  will  be  proportional  to  the  square  of  the  speed 
and  while  some  of  this  energy  will  pass  into  the  wheel 
in  the  foiin  of  heat  and  some  will  pass  off  with  the 
sparks,  a  proportional  amount  will  produce  a  rise  in 
the  temperature  of  the  shoe  as  a  whole. 

However,  it  is  not  reasonable  to  look  for  evidences 
of  the  effect  of  the  temperature  of  the  whole  brake  shoe 
on  the  coefficient  of  friction,  when  it  is  appreciated  that 
the  temperatures  at  the  working  surfaces  greatly  ex- 
ceed the  maximum,  tem.peratures  ever  reached  by  the 
shoe  as  a  whole.  Consequently  for  a  correct  under- 
standing of  the  relation  between  temperature  and  co- 
efficient of  friction  it  is  necessary  to  examine  minutely 
the  phenomena  which  occur  during  the  development 
of  brake  shoe  friction  and  to  study  the  action  of  the 
materials  immediately  concerned  in  this  process. 

Fig.  33,  to  an  enlarged  scale,  illustrates  how  the 
slight  inequalities  of  the  two  surfaces  in  contact  can 


interlock  and  resist  relative  movement.  If  the  top 
surface  is  regarded  as  stationai-y  any  movement  of  the 
lower  surface  in  the  direction  indicated  by  the  arrow 
will  be  resisted  by  a  force  made  up  of  two  components : 

a  Tearing  or  abrasion  of  some  of  the  surface  pro- 
jections which  are  interlocked ;  in  other  words,  by 
shearing  off  the  interlocking  projections. 

b  By  the  lifting  or  unlocking  of  some  of  the  surface 
projections  which  would  require  forcing  the  surfaces 
apart  against  the  normal  pressui'e  until  the  minute  pro- 
jections on  the  surface  successively  cleared. 

In  brake  shoe  friction  the  first  component,  namely, 
tearing  or  abi'asive  action  between  the  minute  inter- 
locked portions  of  the  bearing  surfaces  is  the  important 
factor.  Consequently  tlie  retarding  force  developed 
bears  some  relation  to  the  ultimate  strength  of  the 
metal  which  undergoes  abrasion,  because  the  action  of 
abrasion  consists  of  the  pulling  apart,  or  crushing  of 
the  particles  of  the  contact  surfaces.  Practically  none 
of  the  abrasive  action  takes  place  on  the  wheel,  due 
to  the  harder  and  tougher  nature  of  the  wheel  surface 
and  the  fact  that  the  surface  of  the  wheel  is  not  con- 
tinuously in  contact  with  the  brake  shoe  while  the  brake 


Fig.  33    Diagram  of  Friction  between  Brake  Shoe  and  Wheel 

shoe  is  in  continuous  contact  with  the  wheel.  Inas- 
much as  the  tearing  or  abrasion  of  the  metal  particles 
can  take  place  only  in  the  thin  layer  of  the  shoe  metal 
which  is  in  contact  with  the  wheel,  and  as  the  actual 
contact  area  is  but  a  portion  of  the  total  face  area  of 
the  shoe,  it  is  evident  that  the  generation  of  the  retard- 
ing forces  and  consequent  absorption  of  the  energy  of 
the  moving  train  is  dependent  upon  but  a  very  small 
quantity  of  brake  shoe  metal. 

The  result  of  this  condition  is  that  the  metal  in  the 
state  of  abrasion  undergoes  a  veiy  rapid  rise  in  tem- 
perature ;  and  the  indications  are  that  the  temperature 
of  the  working  areas  of  the  brake  shoe  is  changing  con- 
tinuously, because  when  one  set  of  particles  is  torn  off 
energy  is  dissipated  in  the  form  of  heat  so  that  the  next 
particles  to  be  torn  off  are  i.t  a  higher  temperature  than 
the  first.  This  process  appears  to  continue  imtil  the 
surface  of  the  metal  in  abrasion  reaches  such  a  tem- 
perature that  the  force  required  to  tear  the  particles 
away  is  greatly  reduced.  The  abrasive  action  then 
seems  to  be  extremely  rapid  until  the  bearing  of  the 
shoe  shifts  to  some  other  and  cooler  spot  on  its  surface, 
not  previously  in  the  same  degree  of  contact  with  tlie 
wheel.  The  action  may  then  be  repeated  and  the  bear- 
ing area  may  thus  shift  from  one  portion  of  the  surface 
to  another  during  the  stop. 
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Unquestionably  the  constantly  changing  temperature 
of  the  contact  surface  has  an  important  relation  to  the 
force  of  retardation  developed  by  the  tearing  down  of 
the  metal  particles.  The  resistance  due  to  abrasion  is 
dependent  on  the  ultimate  strength  of  the  cast  iron. 
It  is  well  established  that  above  a  critical  temperature 
(approaching  900  deg.  fahr.)  the  ultimate  strength  of 
east  iron  decreases  rapidly  and  that  at  or  above  red 
heat  temperatures  (1400  deg.  to  1800  deg.  fahr.)  its 
ultimate  strength  is  greatly  reduced. 

The  force  of  retardation  due  to  abrasion  and  the 
corresponding  mean  coefficient  of  friction  will  there- 
fore be  a  function  of  the  constantly  changing,  but  al- 
ways high,  temperature  of  the  working  metal.  Obvi- 
ously the  lower  the  mean  temperature  can  be  main- 
tained, the  higher  will  be  the  mean  coefficient  of  fric- 
tion as  long  as  this  average  temperature  is  above  the 
critical  temperature  at  which  the  ultimate  strength  of 
cast  iron  is  a  maximum. 

Unless  the  brake  shoe  is  of  such  a  nature  or  in  such 
a  condition  that  a  large  proportion  of  its  face  area  is 
in  working  contact  with  the  wheel,  and  remains  so,  the 
principal  factor  in  producing  high  friction  for  any 
given  braking  condition  appears  to  be  the  frequent 
shifting  of  the  bearing  area  from  the  heated  to  the 
cooler  spots  over  the  face  of  the  shoe.  If  a  shoe  has 
a  relatively  small  bearing  area,  that  cannot  shift,  the 
wheel  is  forced  to  wear  the  highly  heated  and  inef- 
fective shoe  metal  rapidly  away,  and  successively  ex- 
poses cooler  metal,  which  is  better  able  to  offer  re- 
sistance and  absorb  energy. 

If  the  friction  characteristics  developed  by  a  given 
brake  shoe  under  a  given  combination  of  conditions 
depend,  as  appears  probable  from  the  foregoing  con- 
siderations, upon  the  frequent  shifting  of  the  contact 
areas  of  the  shoe  surface,  the  instantaneous  as  well  as 
the  average  values  of  the  frictional  resistance  of  the 
brake  shoes  during  a  stop  are  functions  of:  (A)  The  fit 
of  the  shoe  to  the  wheel ;  (B)  the  flexibility  of  the  shoe  ; 
(C)  the  available  bearing  area. 

A  The  fit  of  the  shoe  to  the  wheel  has  an  important 
influence  on  the  facility  with  which  the  contact  area 
can  shift.  If  an  ordinarj^  metal  brake  shoe  fits  well, 
according  to  the  ordinary  understanding  of  this  ex- 
pression, it  necessarily  cannot  bear  on  the  wheel  equally 
at  all  portions  of  its  surface.  But  when  wear  takes 
l)lace,  only  a  comparatively  small  amount  of  metal  has 
to  be  worn  off  the  bearing  spots  in  order  to  bring  cooler 
spots  into  contact,  and  consequently  a  good  fit  of  the 
shoe  will  guarantee  against  the  possibility  of  the  bear- 
ing area  being  held  concentrated  at  any  particular 
spots,  after  they  have  become  heated  to  a  point  where 
the  metal  breaks  down  rapidly  and  offers  a  compara- 
tively poor  resistance. 

B  The  effect  of  warjjing  is  eU^arly  sliown  by  the 
comparative  perfonnance  of  a  solid  shoe  of  any  type 
and  a  similar  shoe  slotted  so  as  to  make  it  more  flexible. 


In  every  case  the  slotted  shoe  has  a  decided  advan- 
tage. With  a  warped  shoe  the  bearing  area  cannot 
shift  readily  and  consequentlj'  the  average  temperature 
of  the  working  metal  is  high  and  a  correspondingly  low 
mean  coefficient  of  friction  is  obtained.  During  the 
tests  of  the  solid  shoes,  a  shoe  would  often  be  observed 
to  be  warped  in  such  a  manner  that  it  touched  the  wheel 
only  at  each  end  while  at  the  center  of  the  shoe  the  two 
surfaces  were  1/32  in.  apart,  although  the  full  braking 
power  was  applied  to  the  shoe  to  force  it  against  the 
wheel.  Under  such  conditions  the  temperature  of  the 
bearing  area  would  rise  \mtil  the  red  heat  had  pene- 
trated the  shoe  fully  1/8  io-  In  such  cases  the  bearing 
area  would  not  shift  to  a  cooler  part  of  the  shoe  until 
sufficient  metal  had  been  worn  off  to  offset  the  effect  of 
the  warping.  The  uneven  heating  effect  caused  by  the 
concentration  of  the  bearing  area  at  the  two  ends  of 
the  shoe  would  in  turn  cause  the  shoe  to  warp  so  that 
the  ends  of  the  shoe  would  be  drawn  away  from  the 
wheel  and  the  bearing  area  again  held  for  a  compara- 
tively long  time  at  one  spot  at  the  center  of  the  shoe. 
Such  tests  invariably  resulted  in  longer  stops  or  lower 
mean  coefficient  of  friction  than  was  the  case  with  the 
same  type  of  shoe  slotted. 

The  resulting  higher  average  temperature  of  the 
working  metal  due  to  the  action  of  warping  also  re- 
sulted in  a  greater  rate  of  wear.  All  the  data  of  shoe 
wear  show  that  shoes  of  the  same  tj'pe  and  hardness 
had  a  high  rate  of  wear  per  unit  of  energy  absorbed 
when  a  low  coefficient  of  friction  was  developed  and 
likewise  a  lower  rate  of  wear  when  a  higher  coefficient 
of  friction  was  developed.  In  other  words  when  the 
coefficient  of  friction  is  high,  the  average  temperature 
of  the  working  metal  must  be  comparatively  low  and 
therefore  the  metal  torn  from  the  surface  of  the  shoe 
works  more  effectively  because  it  is  at  a  lower  tempera- 
ture and  consequently  less  metal  is  required  to  do  a 
given  amount  of  work. 

C  The  shifting  of  the  bearing  area  will  tend  to  be 
more  rapid  if  the  size  provides  more  available  area  for 
shoe  bearing.  The  average  working  temperature  will 
also  be  reduced  because  a  shoe  of  large  area,  such  as  a 
flange  shoe  provides  better  facilities  for  radiating  and 
conducting  lieat  away  from  the  working  surfaces.  This 
is  borne  out  by  the  better  performance  of  the  flange 
shoes  in  comparison  with  the  plain  shoes,  both  solid 
and  slotted. 

The  results  of  both  road  and  machine  tests  on  brake 
shoes  have  sliown  that  the  coefficient  of  friction  under 
any  condition  of  braking  power  is  dependent  upon  the 
initial  speed,  and  the  coefficient  of  friction  tends  to 
decrease  as  the  speed  is  increased.  This  condition  can 
be  expected  from  the  fact  that  the  total  energy  to  be 
absorbed  during  a  given  stop  is  always  proportional 
to  the  squai-e  of  the  initial  speed.  The  effect  of  the 
liigher  speeds  is  to  increase  the  rate  at  which  the  tem- 
perature of  the  working  metal  changes,  and  although 
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the  actual  bearing  areas  will  shift  more  rapidly,  the 
greater  tendency  to  a  general  heating  of  the  shoe  re- 
duces its  ability  to  conduct  or  radiate  heat  from  the 
face  of  the  shoe.  For  these  reasons  the  average  tem- 
perature of  the  working  metal  is  consistently  higher  at 
higher  speeds,  and  the  coefficient  of  friction  corre- 
spondingly lower. 

VII.     CONCLUSIONS 

AIR   BRAKE 

The  characteristics  of  the  mechanism  available  for 
controlling  the  air  pressure  in  the  brake  cylinders  de- 
termine in  a  large  measure  the  length  of  the  emergency 
stop,  the  reliability  and  flexibility  of  the  brake  opera- 
tion in  service  applications  and  in  general  the  safety, 
convenience,  comfort  and  economy  of  train  control. 

The  state  of  the  art  has  been  advanced  to  a  marked 
degree  in  all  of  these  directions  by  the  developments 
of  recent  years  as  exemplified  in  the  apparatus  used  in 
these  tests.  What  has  been  accomplished  can  be  broadly 
siunmarized  as  follows: 

(A)  Desired  results  are  insured  with  greater  cer- 

tainty. 

(B)  Undesired  results  are  guarded  against  more 

effectively. 

(C)  An  adequate  capacity  for  present  and  future 

requirements  is  provided. 

In  service  applications  with  the  improved  (UC) 
equipment  a  greater  flexibility  of  operation  is  provided. 
That  is,  the  braking  power  per  pound  of  brake  pipe 
reduction  is  lower,  thus  giving  the  engineer  a  greater 
time  in  which  to  use  judgment  when  manipulating  the 
brakes.  At  the  same  time,  however,  the  maximum 
braking  power  obtainable  in  a  full  service  application 
is  higher. 

A  more  sensitive  and  prompt  release  of  the  brakes  is 
insured,  tending  to  improve  the  releasing  action  of  all 
brakes  in  the  same  train  of  mixed  old  and  new  equip- 
ments. 

The  action  of  the  old  and  the  new  equipments  mixed 
in  the  same  train  is  harmonious  and  free  from  rough 
slack  action  or  shocks  both  in  service  and  emergency 
operation. 

The  UC  equipment  is  adaptable  to  any  weight  of  car 
and  may  be  installed  to  furnish  any  desired  nominal 
per  cent  of  braking  power. 

With  the  new  equipment  operating  electrically  or 
pneumatically,  there  is  always  available  a  quick  acting 
and  fully  effective  emergency  bi'ake.  This  is  not  the 
case  with  the  old  equipment,  in  which  the  relation  of 
the  service  and  emergency  functions  is  such  that  a 
quick  action  application  could  not  be  obtained  after  a 
service  application  of  any  consequence.  The  following 
average  results  indicate  the  degree  to  which  this  dif- 
ference has  an  effect  on  the  length  of  stop.  Consider- 
ing the  ordinary  full  service  stop  from  60  miles  per 


hour  witli  both  brakes  (say  2000  or  2200  ft.)  as  100 
per  cent,  the  attempt  to  make  an  emergency  application 
with  the  old  equipment  does  not  produce  any  shorter 
stop  than  if  only  a  full  service  application  were  made. 
With  the  improved  apparatus  operating  pneumatically, 
an  emergency  application  following  a  partial  service 
application  will  shorten  the  stop  about  14  per  cent  and 
after  a  full  seiwice  application  about  10  per  cent. 

With  the  electro-pneumatic  brake  these  figures  are 
respectively  23  and  15  per  cent. 

An  electrically  controlled  brake  application  has  been 
recognized  as  ideal  ever  since  the  report  to  this  effect 
presented  by  the  Master  Car  Builders'  Committee  in 
charge  of  the  famous  Burlington  Freight  Brake  Trials 
in  1886  and  1887,  for  the  reason  that  thereby  the  time 
element  in  starting  the  application  of  the  brakes  on 
various  cars  in  the  train  is  eliminated,  a  correspond- 
ingly shorter  stop  made,  and  the  possibility  of  shocks 
at  any  speeds  removed.  With  the  new  brake  apparatus 
the  effectiveness  of  the  pneumatic  emergency  applica- 
tion is  so  considerably  increased  that  the  saving  in  time 
due  to  electric  control  has  proportionately  less  influ- 
ence on  the  length  of  stop,  but  its  effect  in  eliminating 
serial  action  and  consequently  the  possibility  of  shocks 
due  to  brake  application  is  of  correspondingly  greater 
importance. 

The  graduated  release  feature  of  the  improved  brake 
apparatus  permits  stops  to  be  made  shorter,  smoother 
and  with  a  greater  economy  in  time  and  compressed 
air  consumption. 

The  new  apparatus  can  be  applied  to  give  only  the 
equivalent  of  the  old  standard  apparatus  if  desired  but 
in  such  a  form  the  complete  new  apparatus  can  then 
be  built  up  by  the  addition  of  unit  portions  to  the  sim- 
plest form  of  the  mechanism. 

The  electro-pneumatic  brake  acts  as  an  automatic 
telltale  in  cases  of  malicious  or  accidental  closing  of  an 
angle  cock  after  the  train  is  charged  by  permitting  aU 
the  brakes  to  apply,  it  being  thereafter  impossible  to 
release  the  brakes  behind  the  closed  cock  until  the  cock 
is  opened. 

The  PM  equipment  will  start  to  apply  on  a  brake 
pipe  reduction  of  2  lb.  A  4-lb.  brake  pipe  reduction 
is  required  to  start  an  application  with  the  UC  equip- 
ment, thereby  preventing  undue  sensitiveness  to  ap- 
plication on  slight,  unavoidable  fluctuations  in  brake 
pipe  pressure.  As  a  bona  fide  seiwice  reduction  of  more 
than  4  lb.  continues,  the  rate  of  attainment  of  braking 
power  is  the  same  as  if  no  stability  feature  had  existed. 

The  attainment  of  full  service  braking  power  on  the 
entire  ti"ain  \^ith  the  UC  equipment  operating  pneu- 
matically was  16  seconds,  33  per  cent  longer  than  with 
the  PM  equipment  because  of  the  smaller  size  reservoirs 
used  for  greater  flexibility. 

Pull  service  braking  power  was  obtained  in  nine  sec- 
onds with  the  electro-pneumatic  brake  but  without  sac- 
rificing desirable  flexibility  because   of  the   increased 
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sensitiveness  of  control  when  operating  the  brakes 
electrically. 

The  time  of  transmission  of  serial  quick  action 
through  the  brake  pipe  is  practically  the  same  with 
UC  and  PM  equipments. 

The  time  to  obtain  full  emergency  braking  power 
with  the  PM  equipment  on  the  entire  train  was  8  sec- 
onds ;  with  the  UC  equipment  operating  pneumatically 
3.5  seconds  or  56  per  cent  shorter;  with  the  electro- 
j)neumatic  equipment  2.25  seconds  or  72  per  cent 
shorter. 

The  gain  in  emergency  stopping  power  of  the  electro- 
pneumatic  equipment  over  the  PM  equipment  results 
from:  (a)  the  shorter  time  occupied  in  applying  the 
brakes;  (6)  a  higher  brake  cylinder  pressure  obtained; 
(c)  the  holding  of  the  pressure  as  obtained,  without 
blow-down,  as  with  the  high-speed  reducing  valve  of 
tile  PM  equipment. 

Designating  the  time  of  equivalent  instantaneous 
application  of  retarding  force  by  t,  and  the  braking 
power,  corresponding  to  the  brake  cylinder  pressui-e 
obtained,  by  P,  the  values  of  t  for  emergency  applica- 
tions with  the  PM  equipment  12  car  train  range  from 
2  to  2.5  seconds,  for  the  UC  pneumatic  from  2  to  2.5 
and  for  the  electro-pneumatic  from  0.7  to  .85  seconds. 

The  obsei-ved  average  value  for  P,  with  the  PM 
equipment  (for  a  nominal  113  per  cent  braking  power 
on  the  cars)  ranges  from  95  per  cent  to  100  per  cent. 
With  the  UC  pneumatic  equipment  and  electro-pneu- 
matic equipment,  nominal  emergency  braking  powers 
of  90,  125,  150  and  180  per  cent  were  used,  which,  due 
to  locomotive  effect,  become  for  the  complete  train  90, 
117,  137  and  160  per  cent  respectively. 

With  the  electro-pneumatic  brake  a  uniform  increase 
in  per  cent  of  braking  power  results  in  a  substantially 
uniform  decrease  in  length  of  train  stop.  An  increase 
of  5  per  cent  in  braking  power  reduces  the  length  of 
stop  about  2  per  cent  within  the  range  of  braking  pow- 
ers tested. 

The  available  rail  adhesion  varies  through  wide  lim- 
its, e.g.,  from  15  per  cent  in  the  case  of  a  frosty  rail 
early  in  the  morning  to  30  per  cent  for  a  clean,  dry  rail 
at  mid-day. 

The  amount  of  wheel  sliding  depends  more  on  the 
rail  and  weather  conditions  than  on  the  per  cent  brak- 
ing power.  Some  sliding  was  experienced  with  braking 
powers  as  low  as  90  and  113  per  cent  where  rail  condi- 
tions were  unfavorable,  but  180  per  cent  braking  power 
did  not  cause  wheel  sliding  with  good  rail  conditions. 

The  effect  of  excessive  wheel  sliding  was  to  make  the 
length  of  the  stop  about  12  per  cent  greater  than  sim- 
ilar stops  without  wheel  sliding. 

A  braking  power  low  enough  to  eliminate  the  pos- 
sibility of  wheel  sliding  on  a  bad  rail  results  in  longer 
stops  than  could  be  considered  satisfactory  for  general 
service.  Since  good  rail  conditions  prevail  a  large  part 
of  the  time,  the  preferable  emergency  braking  power 


P  = 


is  that  which,  considering  the  installation  conditions, 
wiU  stop  trains  at  aU  times  in  as  shoi-t  a  distance  as 
can  be  accomplished  without  trouble  from  wheel  slid- 
ing in  such  cases  as  are  to  be  anticipated  when  emer- 
gency stops  have  to  be  made  under  unfavorable  rail 
conditions.  Advantage  might  be  taken  of  this  fact  to 
use  a  higher  braking  power  in  summer  than  could  be 
used  in  the  winter  with  the  same  degree  of  freedom 
from  objectionable  wheel  sliding. 

The  relation  between  the  opposing  forces  on  the 
wJieel  when  sliding  is  about  to  commence  can  be  ex- 
pressed as  follows : — 

Pwefs  =  w/r 

A. 

efs 
in  which 

F  =  tangential  retarding  force  of  shoe  on  wheel 
JBTm  :=  maximum  force  of  friction  between  wheel 
and  rail  (at  instant  of  slipping) 
P  =  nominal  per  cent  braking  power 
w  =  weight  on  wheel,  lb. 
e  =  transmission  efficiency  of  brake  rigging 
/s  =  coefficient  of  brake  shoe  friction 
/r  =  coefficient  of  rail  friction 
This  establishes  the  value  of  the  per  cent  braking 
power  which  must  exist  at  each  instant  of  the  stop  if 
the  vehicle  is  to  be  brought  to  rest  in  the  shortest  pos- 
sible distance. 

But  it  has  already  been  shown  that  if  other  condi- 
tions are  constant  a  change  iu  braking  power  will  pro- 
duce a  corresponding  change  in  the  mean  coefficient  of 
brake  shoe  friction,  the  relation  derived  for  the  condi- 
tions mider  consideration  being 

0.12 

Substituting  this  value  of  /s  in  the  above  equation  for 
P,  we  have 

p  _  frP""' 

0.12e 


pn.; 


/r     _  S.33/, 


"0.12e 


For  a  60  m.p.h.  stop  on  a  good  rail  /,■  can  safely  be 
taken  at  25  per  cent  and  e  for  four-wheel  trucks  can  be 
made  at  least  85  per  cent. 
Then 

8.33  X  0.25 


pO.581  -_ 


0.85 


for  which 

P  =  470  per  cent 

This,  of  course,  is  bejond  the  range  of  the  tests  which 

0.12 
furnished  the  data  from  which  the  relation  /s  =  po.txt 

was  derived,  and  consequently  the  result  signifies  noth- 
ing more  than  that,  under  the  conditions  assumed  above, 
an  extremely  high  nominal  braking  power  would  be 
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necessary  in  order  to  cause  the  wheels  to  slide.  As  a 
matter  of  fact,  tests  at  about  400  per  cent  nominal  brak- 
ing power  are  on  record  in  which  practically  no  sliding 
occurred. 

On  the  other  hand,  considering  the  variation  in  eo- 
efScient  of  brake  shoe  friction  and  rail  friction  that 
must  be  counted  upon  in  sei-vice,  it  is  advisable  to  limit 
the  tangential  retarding  force,  F,  to  a  value  less  than 
Era  by  an  amount  /  which  is  proportional  to  the  de- 
gree of  protection  against  wheel  sliding  considered  nec- 
essary under  the  ordinary  condition  of  rail  likely  to  be 
encountered,  including  also  due  allowance  for  the  effect 
of  surges  in  the  train,  non-uniformity  of  braking  con- 
ditions on  different  vehicles,  reasonable  protection 
against  excessive  wheel  sliding  under  bad  rail  condi- 
tions and  all  other  causes  tending  to  cause  the  wheels 
to  slide. 

The  equation  of  condition  is  then 
F  =  H^  —  I 

The  value  of  /  is  entirely  arbitrary,  due  to  the  wide 
range  of  variation  of  its  elementary  factors,  according 
to  locality,  time  of  year,  state  of  weather,  character  of 
train  and  equipment  and  so  on. 

For  the  purpose  of  illustrating  the  exti-eme  opposite 
to  that  given  above,  suppose  that  /  be  taken  as  0.25  H^. 
Then 

F  =  O.loH^, 
„  _  0.7.5/. 


efs 
Again  assuming  the  relation  /^  = 


0.1  L' 


as  above,  we 


have 


fi.25/. 


Considering  e  =  85  per  cent  as  before  and  taking 
/,.  =  12  per  cent,  which  was  the  lowest  obsei-\'ed  rail 
friction,  under  as  poor  rail  conditions  as  could  well  be 
imagined,  we  have 

6.25  X  0.12 


po.581   __ 


0.85 


from  which  P  ^  81  per  cent. 

As  a  matter  of  fact  some  wheel  sliding  was  obtained 
during  the  tests  with  85  per  cent  to  90  per  cent  braking 
power  when  veiy  bad  rail  conditions  prevailed.  For 
practical  purposes  a  conservative  value  for  /^  would  be 
15  per  cent.  If  now  a  nominal  braking  power  of  150 
per  cent  is  uSed  the  corresponding  margin  I  against 
wheel  sliding  can  be  calculated  from  the  formida 
/  =  kH^  andF  =  H^  —  kE^=  (1  —  k)  H„  =  Clh. ; 
F       Pcf,       po.ssip 

77 


from  which  C  =  -^=r-=     ,      =  ' 


jffm  /r  8.33/1 

Substituting  the  values  P  =  1.5,  e 
0.15,  we  have 

(15)0.581  y  0.85 


0.85  and  /,  = 


C  = 


from  which 
therefore 


8.33  X  0.15 
C  =  0.86 
F  =  OMH^ 


and  k  =  l  —  C  =  0.14 

That  is  to  say,  under  the  assumed  conditions,  when 
using  a  braking  power  of  150  per  cent  with  as  bad  d 
rail  condition  as  is  represented  by  the  extremely  low 
value  /r  =  15  per  cent,  the  mean  retarding  force  de- 
veloped by  the  brake  shoe  is  still  14  per  cent  less  than 
the  adhesion  of  the  wheel  to  the  rail. 

The  amo\mt  of  wheel  flattening  when  sliding  occurs 
depends  upon  the  weight  upon  the  wheels,  the  materials 
in  the  wheels  and  rails,  and  the  condition  of  the  rail 
surface.  Tlie  rail  surface  may  be  such  that  relatively 
long  slides  will  produce  but  small  flat  spots,  or,  con- 
versely, short  slides  may  produce  flat  spots  of  a  size 
requiring  prompt  attention. 

When  the  UC  equipment  is  used  on  the  cars  an  ar- 
rangement giving  a  high  emergency  braking  power  on 
the  locomotive,  with  a  blow-do-\vn  feature,  has  advan- 
tages as  foUows : 

(a)  Shocks  between  locomotive  and  cars  practi- 

cally eliminated 

(b)  Shorter  stops 

(c)  No  more  wheel  sliding  than  to  be  expected 

with  the  present  installation  of  ET  equip- 
ment. 

BRAKE   RIGGING 

An  efficient  design  of  brake  riggiug  must  be  pro- 
duced before  the  advantages  of  improved  air  brakes 
or  brake  shoes  can  be  fully  utilized. 

The  use  of  the  clasp  type  of  brake  rigging  eliminates 
unbalanced  braking  forces  on  the  wheels  and  so  avoids 
tile  undesirable  troublesome  journal  and  truck  reac- 
tions^ that  come  fi-om  the  use  of  heavy  braking  pres- 
sures on  but  one  side  of  the  wheel.  This  has  an  im- 
poi'tant  effect  not  only  on  freedom  from,  journal 
troubles  but  also  in  enabling  the  wheel  to  follow  freely 
vertical  inequalities  of  the  track. 

The  clasp  brake  also  improves  the  brake  shoe  condi- 
tion materially,  both  as  to  wear  and  variability  of  per- 
formance. 

Although  the  clasp  brake  rigging  will  produce  better 
stops  than  a  single  shoe  brake  rigging  equally  well  de- 
signed (other  conditions  being  equal),  its  advantage 
in  this  direction  is  of  less  importance  than  in  the  im- 
proved truck,  journal  and  shoe  conditions  mentioned 
above. 

The  tests  indicated  that  at  least  85  per  cent  trans- 
mission efficiency  could  be  obtained  with  either  single 
shoe  or  clasp  brake  rigging. 

The  following  features  were  observed  to  be  of  im- 
portance if  maximum  overall  brake  rigging  efficiency 
is  to  be  secured : 

(a)  Protection  against  accidents  that  may  result 
from  parts  of  rigging  dropping  on  the  track. 

{h)  Maximum  efficiency  of  brake  rigging  at  all  times 
to  insure  the  desired  stopping  with  a  minimum  per  cent 
of  braking  power. 
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(c)  Uniform  distribution  of  brake  force,  in  relation 
to  weight  braked,  on  all  wheels. 

(d)  With  a  given  nominal  per  cent  braking  power, 
the  actual  braking  power  to  remain  constant  through- 
out the  life  of  the  brake  shoes  and  wheels. 

(e)  Piston  travel  to  be  as  near  constant  as  practica- 
ble under  all  conditions  of  cylinder  pressure. 

(/)  Minimum  expense  of  maintenance  and  running 
repairs  of  brake  rigging  between  the  shopping  of  cars. 

BRAKE   SHOES 

The  brake  shoe  bearing  was  the  most  difficult  factor 
to  control  and  at  the  same  time  the  most  potent  in  pro- 
ducing variations  in  brake  performance. 

The  tests  established  the  possibility  of  a  variation  of 
15  to  20  per  cent  in  length  of  stops  from  60  m.p.h.  with 
all  factors  except  brake  shoe  condition  remaining  sub- 
stantially constant.  Continued  stopping  with  moder- 
ate braking  pressures  produced  a  constantly  improving 
brake  shoe  condition  and  shorter  stops.  This  is  evi- 
dence that  with  reasonable  attention  to  brake  shoe 
maintenance,  the  condition  of  the  shoes  on  cars  in  ordi- 
nary road  service  is  likely  to  be  more  favorable  to  mak- 
ing short  emergency  stops  than  during  a  series  of  tests 
in  which  the  brake  shoes  are  worked  severely. 

The  difference  in  the  efficiency  of  the  clasp  and  single 
shoe  rigging  may  offset  the  gain  which  might  be  ex- 
pected from  difference  in  coefficient  of  friction  and  vice 
versa.  Consequently  as  neither  of  these  factors  could 
be  observed  uninfluenced  by  the  other,  a  satisfactory 
comparison  of  the  mean  coefficient  of  friction  under 
different  rigging  conditions  or  of  different  types  of 
rigging  or  air  brake  apparatus  under  variable  shoe  con- 
ditions in  road  tests,  is  impossible. 

High  braking  powers  from  high  initial  speeds  re- 
sult in  a  great  heating  of  the  working  surface  of  the 
shoe  and  a  rapid  abrasion.  This  effect  is  most  marked 
under  severe  braking  conditions  such  as  obtained  when 
heavy  cars  eqiiipped  with  one  brake  shoe  per  wheel  are 
stopped. 

Shoes  of  the  same  type  and  hardness  had  a  high  rate 
of  wear  per  unit  of  energy  absorbed  when  a  low  coeffi- 
cient of  friction  was  developed  and,  conversely,  a  lower 
rate  of  wear  when  a  higher  coefficient  of  friction  was 
developed. 

Both  the  road  and  the  laboratory  tests  confirmed  pre- 
vious tests  and  conclusions  from  analysis  that  the  tem- 
perature of  the  working  metal  is  the  determining  in- 
fluence in  coefficient  of  brake  shoe  friction.  The  other 
factors  that  may  be  involved  become  effective  chiefly 
as  tliey  affect  the  change  of  temperature  of  the  working 
metal. 

The  general  performance  of  the  shoes  as  observed 
during  the  road  tests  formed  the  basis  of  the  program 
established  for  laboratory  tests,  which  resulted  in  the 
following  deductions: 

(a)  The  generation  of  the  retarding  forces  and  con- 
sequent absorption  of  the  energy  of  the  moving  train  is 


dependent  upon  but  a  very  small  quantity  of  brake  shoe 
metal. 

(b)  The  actual  bearing  area  rather  than  the  total 
face  area  of  the  shoe  is  the  important  factor  in  brake 
shoe  performance. 

(c)  The  magnitude  of  the  bearing  area  changes 
throughout  the  stop  and  is  greatest  near  the  end  of  the 
stop. 

(d)  The  bearing  area  shifts  continuously  from  one 
portion  of  the  surface  to  another  during  the  stop. 

(e)  The  principal  factor  in  producing  high  friction 
for  any  given  braking  condition  is  the  frequent  shift- 
ing of  the  bearing  area  from  the  heated  to  the  cooler 
spots  over  tlie  face  of  the  shoe. 

(/)  Slotted  shoes  or  shoes  that  are  cracked  are  more 
flexible  than  solid  shoes  and  the  bearing  area  shifts 
more  readily  than  in  the  case  of  solid  shoes. 

(g)  With  shoes  of  the  same  type  and  approximately 
the  same  hardness,  the  wear  per  unit  of  work  done  is 
less  with  the  slotted  shoe  than  with  the  solid  shoe. 
The  stops  with  slotted  shoes  were  always  shorter  and 
the  mean  coefficient  of  friction  higher  than  with  solid 
shoes. 

{h)  The  shifting  of  the  bearing  area  will  tend  to  be 
more  rapid  if  the  size  provides  more  available  area  for 
shoe  bearing. 

(i)  The  greater  the  pressure  per  square  inch  of  bear- 
ing area,  the  lower  will  be  the  mean  coefficient  of  fric- 
tion. 

{j}  Flanged  shoes  provide  more  available  area  for 
bearing  than  unflanged  shoes. 

(k)  The  use  of  two  shoes  instead  of  one  per  wheel 
will  result  in  a  higher  coefficient  of  friction  and  less 
wear  per  unit  of  work  done. 

(l)  A  comparison  of  the  values  of  mean  coefficient 
of  friction  for  standard  and  for  clasp  brake  conditions 
indicates  a  decided  advantage  for  the  clasp  brake 
throughout  the  entire  range  of  braking  powers.  The 
gain  in  favor  of  the  clasp  brake  with  slotted  shoes 
amounts  to  about  40  per  cent,  at  a  braking  power  of 
180  per  cent,  and  100  per  cent,  at  a  braking  power  of 
40  per  cent,  an  average  gain  for  the  whole  range  of 
braking  powers  of  about  70  per  cent. 

{ni)  From  a  brake  shoe  standpoint  the  advantage  of 
using  two  shoes  instead  of  one  shoe  per  wheel  may  be 
summed  up  as  follows: — 

First.     The  clasp  brake  shoe   is  associated  with 
but  one-half  the  wheel  load  and  conse- 
quently has  but  one-half  as  much  energy 
to  absorb. 
Second.     The  clasp  brake  shoe  is  working  at  only 
one-half  the  shoe  pressure  at  which  the 
standard   shoe    must   work    under   the 
same  braking  power. 
Third.     The  available  working  area  for  the  same 
amount   of   energy   to   be    absorbed    is 
double. 
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A  possible  source  of  disadvautage  wliuu  usiug  two 
shoes  per  wheel  is  that  a  warped  or  poorly  bearing  shoe 
ip  subjected  to  less  pressure  tending  to  force  it  into  a 
good  contact  with  the  wheel.  For  this  reason,  though 
the  available  shoe  area  is  doubled  when  using  clasp 
brakes,  the  actual  amount  of  working  metal  throughout 
the  stop  may  be  less  than  with  a  single  shoe,  which  is 
less  capable  of  resisting  the  tendency  of  the  heavier 
pressure  to  cause  a  better  fit  of  shoe  to  wheel. 

This,  and  an  especially  good  shoe  condition  due  to 
pi-evious  moderate  pressure  tests  in  each  case,  is  an 
explanation  why  thi'ee  of  the  60  m.p.h.  150  per  cent 
braking-power  electro-pneumatic  stops  with  the  single 
shoe  train  were  shorter  by  50  ft.  than  the  best  stops  of 
either  of  the  first  or  second  clasp  brake  trains. 

On  the  other  hand  the  disadvantage  and  greater 
variability  of  the  single  shoe  brake  is  evidenced  in  the 
fact  that  under  the  same  conditions  as  cited  above  two 
stops  with  this  train  were  longer  than  the  longest  stops 
without  material  wheel  sliding  made  with  either  of  the 
two  clasp  brake  trains. 

"With  plain  solid  shoes  the  durability  will  be  in- 
creased 41.1  per  cent  under  clasp  brake  conditions  as 
compared  with  that  under  single  shoe  conditions. 

With  plain  slotted  shoes  the  durability  will  be  in- 
creased 33.5  per  cent  under  clasp  brake  conditions  as 
compared  with  that  under  single  shoe  conditions. 

The  superior  durability  of  tlie  plain  slotted  shoe  as 
compared  with  the  plain  solid  amounts  to  11.7  per  cent 
under  single  shoe  brake  conditions  and  5.9  per  cent 
under  clasp  brake  conditions. 

The  wear  of  the  flanged  solid  shoes  per  unit  of  work 
done  is  19  per  cent  less  than  for  plain  solid  shoes,  and 
for  flanged  slotted  26  per  cent  less  than  for  plain 
slotted  shoes,  or  30  per  cent  less  than  the  plain  solid 
shoes. 

The  wear  of  plain  slotted  .shoes  per  unit  of  work  done 
is  5.4  per  cent  less  than  the  wear  of  plain  solid  shoes, 
and  the  weai*  of  the  flanged  slotted  is  13.2  per  cent  less 
than  the  wear  of  flanged  solid  shoes. 

For  the  same  amount  of  work  done  flanged  solid  cost 
16  per  cent  less  than  plain  solid  shoes,  and  flanged 
slotted  cost  23  per  cent  less  than  plain  slotted,  or  27 
per  cent  less  than  plain  solid  shoes. 

Approximately  135  per  cent  more  stops  will  be  n^- 
quired  to  wear  out  the  flanged  solid  than  -will  be  re- 
quired to  wear  out  the  plain  solid  shoe ;  158  per  cent 
more  stops  to  wear  out  the  flanged  slotted  than  the 
plain  slotted  shoe,  and  171  per  cent  more  stops  to  wear 
out  the  flanged  slotted  than  the  plain  solid  shoe. 

For  any  given  braking  condition  with  cast-iron  brake 
shoes  the  indications  are  that  the  best  relation  will 
exist  between  shoe  wear  and  the  mean  coefficient  of 
friction  when  the  Brinell  hardness  of  the  cast  iron  is 
about  190. 

Machine  and  road  tests  show-  a  difference  in  stopping 
distance  for  the  same  type  of  shoe  under  the  same  brak- 
ing conditions. 


The  etfect  of  the  difference  in  wheel  surface  condi- 
tions is  one  of  the  leading  factors  which  go  to  make  up 
the  difference  between  machine  and  road  tests.  The 
difference  in  braking  performance  can  be  established 
and  the  factor  expressing  this  difference  be  applied  to 
laboratory  results  to  predict  the  performance  of  a  car 
or  train. 

LENGTH    OP    STOP 

The  stops  and  obsei-ved  performance  of  the  air  brake, 
lirake  rigging  and  brake  shoe  are  in  agreement  with  the 
relation  generally  assumed  to  exist  between  the  speed 
and  other  variables  mentioned  and  resultant  length  of 
stop.  Tins  relation  for  straight,  level  track  and  neg- 
lecting air  and  internal  friction  on  the  one  hand  and 
the  rotative  energy  of  the  wheels  and  axles  on  the  other 
hand,  is: 

^•,  =  1.467n+3^ 

in  which  the  terms  have  the  following  significance  and 
range  of  values  according  to  conditions 

-S't  =  length  of  stop  to  be  expected  in  ft. 

V  =^  initial  speed  of  train  in  m.p.h. 

t  =  time   at   the  beginning   of   the   stop    during 

which  the  brakes  are  to  be  considered  as 

having   no   effect,   to   allow   for   the   time 

element  in  the  application  of  the  brakes 

Kind  of  Air  Brake  Equipment 
UC 
PM  Electro-Pxedmatic 


For  a  12-car  train 
from 


t  ranges 


2.0 


to. 


0.70 
0.85 


P  ^  nominal  per  cent  braking  power  correspond- 
ing to  the  average  cylinder  pressure  exist- 
ing for  that  portion  of  the  stop  after  the 
brake  is  considered  fully  applied. 
With  a  single  car  or  several  similar  cars,  stopping 
without  the  locomotive  attached,  the  value  of  P  can 
be  obtained  from  an  average  of  all  brake  cylinder  indi- 
cator cards  or  taken  from  one  typical  brake  cylinder 
card,  provided  all  cylinder  pressures  and  foundation 
brake  installations  are  substantially  alike. 

Where  car  weights  differ  or  where  the  locomotive  is 
attached,  the  average  per  cent  braking  power  (P)  for 
tlie  train  (total  weight  W)  may  be  calcidated  from  the 
formula 

^PeWe+P„W„+PeWe 


Pt 


w. 


in  which 

Pc  =  nominal  per  cent  braking  power  correspond- 
ing to  average  cylinder  pressure  of  care 
as  noted  above 

IFc  ^  weight  of  car  in  lb. 

Wa  =  actual  total  weight  of  tender  in  lb. 

P„  =  nominal  per  cent  braking  power  correspond- 
ing to  tender  cylinder  pressure   and   to 
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H'e  ^  weight  of  iiigiue  iu  lb. 

Pj  =  nominal  per  cent  braking  power  correspond- 
ing to  engine  cylinder  pressure    (aggre- 
gate for  driver,  truck  and  trailer  wheels 
according  to  distribution  of  weights  and 
nominal  bi'akiug  power) 
(  X/  =  product  of  efficiency  of  brake  rigging  and  mean 
coefficient  of  brake  shoe  friction,  in  wliich 
e  varies  with  the  tj'pe  and  installation  of  brake  rig- 
ging   and    witli    the    per    cent   braking    power, 
though  tlie  latter  effect  can  be  but  slight  through- 
out the  range  of  ordinary  emergency  braking 
powers 
/  varies  with  tlie  kind  and  initial  condition  of  the 
brake  shoe  bearing  surface,  the  initial  speed  and 
the  various  influences  affecting  the  conditions  of 
the  bearing  surface  during  the  stop. 
As  no  satisfactory  separate  determination  of  e  and  / 
was  found  possible  the  combined  factor  eX/  is  given  in 
the  following  table,  the  values  being  representative  of 
tlie  best  performance  tliat  might  reasonably  be  expected 
iiiiil-r  conditions  comparable  with  tliose  of  this  test. 

TABLE  3     VALUES  OF    e  X   /s 


Kind  of  Brake  Rigoino 

Clasp 

Brake 

SlNOLE 

Shoe' 

Type  of  Brake  Shoe 

rlain 

Flanged 

Plain 

Speed 
m.p.h. 

Braking 
Power 

Flanged 

30  .  .  . 

125 
150 
ISO 

0.141 
0.129 
0.H8 

0  169 
0.154 
0   141 

0.108 
0.099 
0.090 

0.112 
0  103 

0.094 

60 

125 
150 
ISO 

0.103 
0.094 
0.086 

0.122 
0   112 
0   102 

0.074 
0.068 
0.062 

0.090 
0  082 

0.075 

80 

125 
150 
180 

0.092 
0,084 
0.077 

0.109 
0.100 
0.092 

0.070 
0.064 
0.059 

0.071 
0.068 
0.062 

1  Value  of  data  uncertain  due  to  non-uniform  brake  shoe  conditions. 

DISCUSSION 

J.  p.  Kellev' :  To  the  autlior's  statement  that  the  sliding 
of  wheels  under  brake  applications  is  due  largely  to  rail 
adhesion,  I  am  inclined  to  add  that  the  percentage  of  brak- 
ing power  employed  is  not  of  itself  the  cause  of  sliding. 
With  tlie  trucks  and  gears  that  are  familiar  to  us,  the  brak- 
ing forces  are  not. evenly  distributed  over  all  the  wheels  and 
it  is  possible  for  the  weight  to  be  momentarily  shifted  from 
one  or  more  of  the  wheels  during  the  progress  of  a  stop  with 
brakes  applied. 

From  a  study  of  clas))  brake  design  and  foundation  brake 
gear,  as  well  as  from  experience,  I  should  say  that  the  clasp 
brake  is  tlie  only  suitable  one  to  use  on  present  day  passenger 
ear  equipment.  While  it  will  not  do  away  with  the  shock,  it 
will  go  a  long  way  towards  keeping  the  wheels  in  their  nor- 
mal position  with  relation  to  the  other  parts  of  the  truck, 
and  to  the  rails,  and  so  aid  in   niakiiiii'  available  whatever 
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spring  action  is  tiiere  to  keep  the  wheels  where  they  belong 
and  to  keep  the  rail  adhesion  uniform  and  constant.  By  this 
means  the  pressure  on  the  wheels  is  balanced;  also  the  num- 
ber of  hot  boxes,  is  reduced. 

We  have  had  considerable  experience  with  clasp  brakes 
on  quite  a  number  of  our  cars  during  this  present  winter, 
and  with  a  few  of  them  the  previous  winter,  and  find  that 
as  the  shoe  is  higher  above  the  rail  in  an  emergency  appli- 
cation than  with  the  common  type  of  gear,  there  is  less 
chance  for  the  accumulation  of  snow  and  ice  on  the  shoe 
to  drip  off  upon  the  rails  when  the  slioe  gets  hot,  and  so  re- 
duces the  friction. 

To  show  that  uneven  braking  power  rather  than  the  per 
cent  of  braking  power  considered  iu  itself  is  productive  of 
wheel  sliding,  a  recent  case  may  be  cited  of  a  train  of  nine  cars, 
where  tlie  highest  braking  power  would  probably  run  115  per 
cent,  the  lowest  about  C5  per  cent,  and  the  average  through 
the  train  about  85  per  cent.  Through  an  accident  the  brake 
pipe  was  broken  off  on  the  fourth  car  from  the  rear.  Every 
car  ahead  of  the  rear  car  came  to  a  stop  without  injury  to 
the  wheels.  They  were  the  ones  on  which  the  braking  power 
was  very  low.  The  rear  car  had  normal  braking  power,  and 
all  but  two  pairs  of  its  wheels  were  slid  flat.  This  could  be  ex- 
plained on  no  other  principle  than  that  when  the  brake  ap- 
plication was  initiated  at  the  fourth  car,  and  propagated  in 
opposite  directions,  there  was  not  only  the  braking  power 
acting  on  the  wheels,  but  also  the  effect  of  shock  set  up  be- 
cause of  the  difference  in  time  and  the  difference  in  the  power 
with  which  the  brakes  went  on,  which  "  jumped  "  the  wheels 
along  and  caused  them  to  skid  to  such  extent  as  to  break  or 
very  materially  reduce  their  rail  adhesion. 

With  reference  to  emergency  application,  if  a  brake  will 
operate  instantaneously  and  simultaneously  tlirougiiuut  the 
train,  with  almost  any  degree  of  flexibility,  emergency  stops, 
as  such,  can  be  very  materially  reduced.  A  brake  that  wiU 
operate  instantaneously  will  bring  a  train  to  a  stop  with  a 
service  application,  within  a  distance  for  which  another 
brake  eiiually  powerful  but  much  slower  iu  action,  would 
require  an  emergency  application. 

H.  H.  Vaughan.  a  point  which  is  brought  out  in 
these  tests,  is  the  trouble  with  wheels  sliding.  About  a  year 
ago  we  went  into  the  question  of  flanged  shoes  to  reduce  the 
brake  shoe  pressures,  and  found  an  extraordinary  increase 
in  wheels  slid,  especially  in  cold  weather.  We  then  tried  un- 
flanged  shoes,  without  any  other  change,  and  the  shding  re- 
duced. I  have  no  reason  to  give  for  this,  but  it  is  a  point 
worth  bringing  up,  and  the  shding  of  wheels,  while  shown  in 
rather  a  curious  way  iu  this  paper,  is  really  a  very  serious 
and  expensive  thing,  especially  in  cold  weather,  in  which  I 
am  jileased  to  say  I  have  had  a  large  and  most  unlimited 
experience.  Wheels  sliding  with  us  is  undoubtedly  a  promi- 
nent cause  of  shelled  out  tires.  When  it  is  known  that  we 
rarely  run  a  car  over  6000  miles  in  winter  without  ha\'ing  a 
wheel  with  shelled  out  tires,  it  can  be  imagined  how  serious 
it  is. 

Regarding  the  j)aper  in  general,  one  is  impressed  by  the 
mar\'elous  ingeunity  of  the  whole  apparatus.  It  is  a  won- 
derful piece  of  mechanical  invention,  and  one  cannot  help 
wondering  where  we  are  going  to  get  to  in  this  air  brake 
matter.  Probably  there  was  never  a  more  ingenious  ma- 
chine than  the  plain  triple  valve  invented  by  Mr.   West- 
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inghouse,  which  made  possible  the  use  of  automatic  air 
brakes  on  passenger  equipment.  In  1887,  when  the  Burl- 
ington tests  were  being  conducted,  Mr.  Westinghouse  sup- 
plemented his  plain  triple  valve  by  the  quick-action  triple, 
which  again  was  a  peculiarly  brilliant  invention  and  the 
fame  of  Mr.  Westinghouse  as  an  in\'entor  will  probably  rest 
moi'e  on  these  two  inventions,  which  are  the  foundation  of 
our  modern  air  brake  system,  than  on  all  the  other  things 
he  has  done. 

The  quick-action  triple  valve  behaved  vei-y  well  during  the 
early  years  of  its  life,  but  about  the  time  when  it  was  twenty 
years  of  age,  like  many  of  us,  it  began  to  branch  out,  and 
there  was  attached  to  the  quick  service  application  the  re- 
tarded release  and  then  a  reservoir  or  two  was  annexed  to 
the  air  brake  system,  giving  the  graduated  release  and  higher 
pressure  in  emergency.  There  was  the  LN,  and  then  the 
PC,  and  now  we  are  to  have  the  UC,  the  greatest  develop- 
ment of  all,  which  will  work  either  pneumatically  or  elec- 
trically. If  the  electrical  part  breaks  down,  the  pneumatic 
part  comes  on  and  works,  and  the  whole  thing  is  wonderful, 
all  the  way  down  from  the  plain  triple,  as  a  monument  of 
inventive  genius. 

At  the  same  time — I  do  not  wish  to  raise  a  discordant 
voice — are  we  wise,  are  the  railroad  companies  wise,  is  the 
Westinghouse  Company  wise,  in  this  development  in  which 
the  apparatus  is  continually  being  revised  to  interchange 
with  all  the  other  developments  that  have  gone  before  it? 
Would  it  not  be  possible  to  design  the  electro-pneumatic 
brake  without  this  complication?  It  is  a  wonderful  thing, 
but  should  it  be  put  on  every  passenger  car  without  very 
serious  consideration  ? 

I  consider  that  the  Westinghouse  Company,  supplement- 
ing this  paper,  should  tell  us  what  is  necessary  in  the 
straight  electro-pneumatic  brake  in  which  the  train  pipe 
carries  the  air  and  the  electricity  does  the  application,  and 
I  venture  to  say,  without  knowing  exactly  what  would  be 
the  answer,  that  it  would  be  an  exceedingly  simple  and 
highly  efficient  apjjaratus.  I  cannot  help  thinking  that  an 
electro-pneumatic  brake,  even  with  the  safety  automatic  fea- 
ture on  the  air  pipe,  so  that  a  fracture  of  an  air  pipe  would 
cause  the  application  of  the  brakes,  would  not  be  anything 
like  the  complicated  apparatus  we  are  getting  today  in  order 
to  make  these  things  interchangeable  and  universal. 

W.  B.  Turner'  said  in  response  to  Mr.  Vaughan's  re- 
marks on  the  complexity  of  air-brake  apparatus  that  the 
electro-pneumatic  brake  has  been  used  for  traction  service 
for  the  past  seven  years  under  several  thousands  of  cars ;  and 
has  been  used  on  tlie  subway  system  in  New  York  for  sev- 
eral years,  which  is  the  most  severe  service  in  the  world, 
wliere  it  has  given  good  results.  The  electro-pneumatic  ap- 
paratus can  be  applied  to  practically  any  equipment  tliat  has 
been  built  up  to  the  present  time  and  will  function  in  a 
satisfactory  manner,  but  it  will  not  do  what  the  improved 
air  brake  equipment  (type  UC)  described  in  the  paper  will 
accomplish.  To  attain  the  results  which  have  been  detailed 
it  is  essential  to  have  this  equipment  or  its  equivalent.  While 
he  would  welcome  any  apparatus  that  was  less  complex,  this 
would  be  impossible  if  it  is  desired  to  do  the  things  which 
are  necessary  to  control  the  trains  of  to-day  in  the  best  man- 
ner possible.     If  Mr.  Yaughan  had  his  double  brake  equip- 
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ment  and  the  supplemental  devices  for  cutting-out  the  brakes 
etc.,  he  would  And  that  the  equipment  would  be  vastly 
more  complex  than  that  shown  in  the  paper — it  would  be  so 
complex  that  he  would  be  afraid  of  it  himself. 

Mr.    Turner   then    presented   the   following   written    dis- 
cussion : 

The  present  day  conditions  in  railroading  that  affect  the 
air  brake  problem  are: 

a  Higher   Speed,  because  tine  energy  to   be  dissipated  in- 
creases as  the  square  of  the  speed,  which  means,  other 
things  being  equal,  that  the  length  of  the  stop  will  also 
increase  as  the  square  of  the  speed. 
b  Heavier  Vehicles,  because  doubling  the  weight  doubles  the 
energy  to  be  dissipated.     The  combined  effect  of  doub- 
ling the  speed  and  doubling  the  weight  is  to  increase  the 
energy  to  be  dissipated  eight  times, 
c  Longer  and  Heavier  Trains.     These  increase  the  difficulty 
of  control  and  greatly  magnify  reactions  due  to  "  slack  " 
between  ears. 
d  Greater  Frequency  of  Trains.     This  increases  the  proba- 
bility of  accident  and  therefor  the  necessity  for  more 
efficient  control. 
e  Parallel  Tracks.     This  also  increases  the  danger,  as  an  ac- 
cident on  one  track  may  cause  one  on  any  of  the  other 
tracks. 
Any  one  of  these  changes  in  conditions  makes  imperative 
a  compensating  change  in  effectiveness  in  the  means  for  con- 
trolling trains,  but  when  they  are  all  taken  collectively,  as 
they  must  be,  the  seriousness  of  the  problem  is  even  more 
apparent  and,  to   one  who  knows  the  potential,  alarming. 
But  this  is  not  all,  for  the  very  conditions  that  thus  called 
for  more  effective  brake  appliances  also  decreased  the  effi- 
ciency or  effectiveness  of  those  existing  by  almost  one-half. 
The   predicament,   therefore,   is   one   requiring    prompt   at- 
tention and  the  creation  of  means  not  heretofore  in  existence. 
The  reasons  why  the  above-mentioned  conditions  decrease 
the  effectiveness  of  the  brake  control  are : 

Increased  speed  (work)  causes  a  decrease  in  the  mean  co- 
efficient of  friction ;  and  as  the  stopping  distance  is  propor- 
tional to  the  coefficient  of  friction,  the  stop  becomes  longer. 
Heavier  veldcles  also  increase  the  work  required  of  the 
brake  shoe  in  a  given  time,  and  this  further  reduces  the  co- 
efficient of  friction.  Also,  as  a  result  of  the  greater  forces 
exerted,  there  are  distortions  and  consequent  losses  in 
foundation  brake  gear  efficiency.  Again,  much  larger  brake 
cylmders  are  necessary  and  this  increases  the  time  required 
to  get  full  braking  power,  these  three  losses  contributing,  as 
is  apparent,  to  a  further  material  increase  in  stopping  dis- 
tance. 

Longer  trains  lead  to  another  decrease  in  effectiveness  by 
adding  to  the  time  required  to  get  the  brakes  on,  while  the 
combination  of  greater  weight  and  length  increases  the  vol- 
ume of  air  required  with  consequent  difficulty  of  recharging 
quickly.  There  is  also  the  difficnlty  of  controlling  trains 
smoothly  because  of  the  bunching  and  stretching  of  such  a 
number  of  heavier  ears  and  the  time  lapse  between  the 
brakes  applying  on  the  front  and  rear  end  of  the  train. 

Greater  frequency  of  trains  and  parallel  tracks  make  im- 
provement necessary  by  requiring  much  more  frequent  brake 
applications,  thus  exhausting  the  air  supply,  and  also  by 
making  it  imperative  to  be  able  to  obtain  maximum  emergency 
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braking  force  at  any  time.  Collectively,  it  will  be  seen  that 
these  changes  mean  much,  nor  must  it  be  overlooked  that  one 
serious  ellect  is  the  increased  risk  we  must  take  with  the 
human  element. 

To  illustrate  the  foregoing  by  example,  iu  1890  with  a 
train  weight  of  280  tons  and  a  speed  of  60  miles  per  hour, 
the  energy  to  bo  dissipated  was  about  33,000  ft-tons  and  the 
stopping  distance  was  1000  ft. 

In  1913,  with  a  train-weight  of  920  tons  and  a  speed  of 
60  miles  per  hour,  the  energy  to  be  dissipated  is  111,000 
ft-tons,  or  almost  four  times  greater  than  that  of  the  first 
mentioned  train.  With  an  old-style  brake  the  collision 
energy  as  this  train  passed  the  point  where  the  first  men- 
tioned train  stopped  would  still  be  48,000  ft-tons,  or  one 
and  one-half  times  what  the  first  mentioned  train  had  before 
the  brake  was  applied  and  there  would  still  be  760  ft.  to  run. 

This  modern  train,  but  now  equipped  with  the  new  brake 
apparatus,  running  at  a  speed  of  60  miles  per  hour,  can  be 
stopped  in  860  ft.,  at  which  point,  with  the  old  brake  equip- 
ment, it  would  still  be  running  at  43  miles  per  hour  and  with 
a  collision  energy  of  57,000  ft-tons  or  still  about  twice  that 
contained  in  the  train  of  1890  at  the  beginning  of  the  stop. 

When  the  full  force  and  meaning  of  the  increased  stop- 
ping distance  is  realized,  in  connection  with  the  possibility 
of  accidents  arising  from  the  greater  frequency  of  trains  and 
number  of  parallel  tracks,  it  will  be  seen  that  not  only  are 
improvements  in  brake  equipment  reaUy  necessary,  but  also 
that  the  best  that  can  be  designed  is  none  too  good. 

F.  W.  Sakgext.  In  conducting  machine  tests  of  brake 
shoes  it  is  our  practice  to  make  a  number  of  runs  to  get  the 
shoes  down  to  a  good  bearing  and  then  make  a  number  of 
records  and  average  them.  The  average  figures  derived 
from  repeated  tests  upon  different  shoes  should  be  com- 
parable with  the  results  that  might  be  obtained  from  the 
brake-shoe  equipment  of  a  train.  The  great  variation  in  the 
train  records  as  presented  in  the  paper  must  be  due,  I 
think,  to  some  neglect  in  the  foundation  brake  rigging, 
rather  than  to  a  bad  condition  of  all  the  brake  shoes  at  one 
time. 

The  agreement  between  the  results  of  the  brake  shoe 
testing  machine  and  the  road  tests  is  extremely  gratifjang. 
When  we  first  began  testing  brake  shoes  on  the  machine  we 
encountered  very  large  variations  in  the  results,  particu- 
larly with  the  heavy  solid  new  shoes.  But  as  the  shoes 
wore  down,  and  especially  when  they  cracked  and  fitted  the 
wheels  better,  the  results  became  more  uniform.  When  the 
shoes  became  tliin  and  near  the  point  where  they  ought  to 
be  removed,  it  developed  that  under  the  extreme  pressures 
common  to  modern  high-grade  equipment,  with  the  single 
brake,  we  were  reaching  the  danger  point  and  there  was  a 
possibility  of  the  shoe  melting.  Such  a  condition  would  be 
realized  on  the  road  if  the  brakes  were  applied  on  a  grade 
and  then  an  emergency  stop  followed  while  the  shoes  were 
still  warm.  Under  such  a  condition  the  shoes  might  be 
heated  to  a  point  where  they  would  lose  their  grip  on  the 
wheels  to  a  large  extent,  even  it  not  melted  away,  and 
cause  the  brake  to  fail.  It  seems  to  me  that  the  only  thing 
which  will  ])revent  this  is  the  adoption  of  the  clasp  brake. 
Besides  saving  the  brake  shoe  from  possible  destruction,  the 
test  records  indicate  that  with  the  twii-slme  combination  there 
is  an  actual  gain  in  the  retardation. 


R.  K.  Potter.'  It  may  be  of  interest  to  speak  of  some 
tests  made  recently  on  the  Xew  York,  Westchester  &  Boston 
Railway,  to  determine  the  efficiency  of  the  clasp  brake.  The 
i-ars,  which  are  operated  electrically,  weigh  60  tons,  and  are 
run  as  high  as  60  miles  an  hour.  In  making  the  test,  a  motor 
tiuck  without  motors,  which  has  clasp  brakes,  was  put  under 
the  trailer  end  of  the  car,  which  normally  has  a  simple  truck. 
At  35  miles  per  hour  the  deceleration  under  an  emergency  ap- 
plication of  the  brake  was  found  to  be  4  miles  per  hour  per 
second  with  the  clasp  brake;  with  the  simple  brake,  it  was 
.'3.3  miles  per  iiour  per  second.  At  50  miles  per  hour,  the 
deceleration  was  3.65  miles  per  hour  per  second  with  the 
clasp  brake,  and  with  the  standard  brake,  3  miles  per  hour 
per  second.  The  length  of  stop  with  the  clasp  brake,  at  50 
miles  per  hour,  was  585  ft.,  and  with  the  simple  or  standard 
brake  690  ft.  These  were  the  average  lengths  of  stop  for 
about  40  stops.  Invariably  the  stops  were  shorter  when  the 
clasp  brake  was  used.  Stops  were  made  at  various  speeds, 
principally  at  35  and  50  miles  per  hour. 

S.  G.  Tirojtsox."  I  am  particularly  interested  in  the  busi- 
ness end  of  this  new  brake,  the  part  which  involves  its  prac- 
tical application.  After  listening  to  the  discussion,  the  im- 
portant thing  to  me  seems  to  be  the  development  of  the  foun- 
dation brake.  Have  we  tried  out  the  foundation  brake  far 
enough?  Have  we  gone  far  enough  with  the  clasjj  brake  in 
increasing  the  friction  applied  on  the  wheels  and  are  we  not 
going  too  far  for  the  present  in  this  development  of  the 
electric  control?  I  am  inclined  to  agree  with  Mr.  Vaughan 
in  respect  to  the  matter  of  complications. 

We  have  had  considerable  experience  with  the  clasp  brake 
on  our  road  for  a  number  of  years,  running  it  on  100  or 
more  ears,  with  four  and  si 'c -wheel  trucks,  high-s]ieed  serv- 
ice. All  are  giving  excellent  results,  so  that  it  seems  to  me 
more  important  at  the  present  time  to  extend  the  use  of  the 
clasp  brake  than  to  hasten  the  electric  development.  Let  the 
electric  control  be  a  matter  of  gradual  unfolding. 

How  much  benefit  would  this  electric  control  as  iiresented 
here  to-night  be  to  us?  I  figure  that  the  principal  gain 
would  be  in  the  little  time  saved  by  applying  a  considerably 
greater  pressure  in  the  brake  cylinder;  also  that  there  would 
be  a  considerable  advantage  iu  making  an  emergency  appli- 
cation after  the  service  application  has  been  made.  Is  that 
really  of  sufliciently  great  importance  in  actual  train  service 
to  warrant  all  this  complication  and  expense"? 

T.  L.  BuRTOx.'  Both  ]\Ir.  Sargent  and  Mr.  Vaughan  have 
sjjoken  of  the  wheel  sliding  etfeet  of  the  flanged  brake  shoe. 
I  have  had  considerable  experience  with  this  and,  as  the 
former  stated,  have  found  the  trouble  with  the  flanged  shoe 
to  be  due  largely  to  the  brake  gear,  especially  the  spacing 
of  the  heads  on  the  brake  beams  and  the  deflection  of  the 
beams  under  various  loads. 

There  has  been  a  question  in  the  minds  of  some  as  to  the 
relative  stopping  effect  of  the  clasp  and  single-shoe  types  of 
brake,  all  conditions,  excepting  the  performance  of  the  gear 
and  the  shoe,  being  the  same.  For  any  set  of  conditions  such 
as  stated  in  Table  10,  the  length  of  the  stop  should  be  in- 
versely proportional  to  the  value  of  e  X  /» !  consequently,  so 
far  as  the  brake  shoe  and  rigging  are  concerned,  Table  3 


'  Supt.  of  Equipment.   N.   Y.   W.  &  B.    Uy. 

•  Supt  M.  1'.  and  RoUing  Equip..  Phlla.  &  Reading  R.  R. 
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affords  a  precise  means  of  comparing  the  length  of  stops  ob- 
tained with  the  various  types  of  brake  gear  and  brake  shoes 
used  in  the  test  with  which  the  report  deals. 

I  have  prepared  some  supplementary  tables,  reducing  Mr. 
Dudley's  comparison  to  a  percentage  basis.  Accepting  the 
values  of  e  and  fe  as  shown  in  Table  .3  for  clasp  brakes  and 
flanged  shoes  as  100  per  cent,  the  relative  length  of  stops  for 
clasp  and  single  shoe  brakes  should  be  as  follows: 


a 

g 
o 

30 


B 

125 


RELATIVE  LENGTH  OF  STOP 


Cl.\sp  Brakes 


Single  Shoe  Brake 


Plain 

Shoes 


Flanged 

Shoes 


30    150 


30    ISO 


60    125 


60    150 


60    ISO 


80    125 


80    150 


80    ISO 


0.169 
0.141 
0.154 
0.129 
0.141 


=  1.199 


=  1.194 


=  1.195 


0.118 

0.122 
0.103 
0^112 
07094 
0.102 
0.086 '' 

0.109 
0.092 ' 
0.100 
0.0S4  '' 
0.092 

o:o77=i-i9^ 


=  1.184 


=  1.191 


=  1.186 


1.185 


1.190 


0.169 

0.169' 

0.154 

0.154' 

0.141 

0.14r 

0.122 

0.122' 

0.112 

0.112 

0.102 

0.102 

0.109 
0.109 
0.100 
0.100 


1.000 


1.000 


1.000 


=  1.000 


=  1.000 


=  1.000 


=  1.000 


=  1.000 


Plain 

Shoes 

0.169 
0.108' 
0.154 
0.099 ' 
0.141 
0.090 ' 

0.122 

0.074 ' 

0.112 

0.068 

0.102 

0.062 


Flanged 
Shoes 


1.565 


1.556 


1.567 


=  1.648 


=  1.647 


=  1.645 


0.169 
0.112 
0.154 
0.103 
0.141 
0.094 

0.122 


=  1.509 


=  1.495 


=  1.500 


0.090  ""^-^^^ 

0.112 

01)82  =  1-^^*^ 

0.102 

0T075 


=  1.360 


0.092 

j^^,  =  1.000 


0.109 
0.070 
0.100 
0.064 
0.092 
0.059 


=  1.557 


=  1.563 


=  1.473 


=  1.559 


0.109 

0.074 

0.100 

0":068  =  l-^'l 

0.092 


0.062 


=  1.484 


30 
30 
30 


a; 
<  i 

pa  t; 
%l 
U  z 

125 
150 

ISO 


INCREASE    IN    LENGTH    OF    STOP    WITH 
THE   SINGLE  SHOE   BRAIvE   AS  COM- 
PARED  TO   THE  CLASP   BRAKE 


Plain  Shoes 
Per  Cent 


Flanged  Shoes 
Per  Cent 


1..365_ 

1.199" 

1.556 

1.194 

1.567  _ 

1.195' 

1.648  _ 
1.184 
1.647 
1J91~^ 


1=0.305=30.5 
1=0.304  =  30.4 
1=0.311=31.1 

1=0.392=39.2 
=  0.383=38.3 


1.509 
1.000 
1.495 
1.000 
1.500 
1.000' 


-1=0.509=50.9 

-1=0.495  =  49.5 

-1=0.500=50.0 


1.645 

1.186" 

1.557 

1.185" 
1.563  _ 
1.190 
1.559 


-1=0.387=38.7 
1=0.314  =  31.4 
.1=0.314=31.4 

1=0.304  =  30.4 


1.356 -_! 
1.000 
1.366  _i 
1.000 
1.360     , 


1.195 

Average  Gain  in  favor  of  Cia?p 
Brake,  Per  Cent 


1.000 

1.473 

1.000 

1.471  _ 

1.000" 

1.484 

1.000 


-1 


-1  = 


=  0.356  =  35.6 
=  0.366=36.6 
=  0.360=36.0 
=  0.473=47.3 
=  0.471=47.1 
0.484  =  48.4 


Tabulated    results    show    the    following    avcnujf 

lengths  of  stops: 

Average  stop,  clasp  brake,  plain  shoes 

Average  stop,  clasp  brake,  flanged  shoes 

Average  stop,  single-shoe  and  plain  shoes 

Average  stop,  single-shoe  and  flanged  shoo.".. 


44.6 

comparative 

1 .  191 

. .  1.000 

. .  1.590 

.  1.446 


Length  of  stop  with  clasp  brake,  plain  shoes  is  19.1  per  cent 
greater  than  stop  with  clasp  brake,  flanged  shoes. 

Length  of  stop  with  single  shoe  brake,  plain  shoes  is  59.0  per 
cent  greater  than  stop  with  clasp  brake,  flanged  shoes. 

Length  of  stop  with  single  shoe  brake,  flanged  shoes  is  44 . 6  per 
cent  greater  than  stop  with  clasp  brake,  flanged  shoes. 

Also,  length  of  stop  with  single  shoe  brake,  plain  shoes  is  33 . 5 
per  cent  greater  than  stop  with  clasp  brake,  plain  shoes. 

Whence  the  general  average  length  of  stop  with  the  single  shoe 
brake  is  h  (44.6-1-33.5)  =39.05%  greater  than  the  general  aver- 
age length  of  stop  with  the  clasp  brake. 

The  relative  stopping  distance  of  the  two  types  of  brake 
gear,  however,  tells  but  half  the  story.  Mr.  Dudley  refers  to 
the  sliding  of  wheels  as  affected  by  the  adhesion  between  the 
wheels  and  the  rail.  The  adhesion  is  influenced,  not  only  by 
the  condition  of  the  rail,  but  by  the  shifting  of  the  wheel 
loads  as  affected  by  inertia  forces,  and  shocks  and  lines  of 
action  in  the  brake  gear. 

Unfortunately,  we  have  no  control  over  the  condition  of 
the  rail,  or  the  effect  of  the  inertia.  The  use  of  electro- 
pneumatic  brakes  wHl,  however,  minimize  the  shifting  of 
wheel  weights  resulting  from  end  shocks,  and  a  careful 
analysis  of  many  brake  gears  in  use  will  disclose  some  re- 
markable facts  on  the  equalization  of  wheel  weights  and  shoe 
pressures  as  influenced  by  the  design  and  application  of  the 
gear. 

With  the  assistance  of  Mr.  H.  M.  P.  Murphy  of  our  organ- 
ization, we  have  made  an  analysis  of  the  brake  forces  of 
some  trucks  in  use  on  a  road  in  this  territory  and  their  effects 
on  the  equalization  of  weights  at  wheels  and  shoe  pressures. 
I  wiU  add  in  brief  form  some  results  of  the  analysis 
for  the  brake  rigging  of  a  six-wheel  passenger  car  truck. 
The  tabulation  relates  to  braking  forces,  wheel  pressures 
on  rail,  percentage  of  braking  power,  etc.,  for  service  ap- 
plication, with  all  parts  standard ;  and  for  emergency  appli- 
cation, with  shoes  and  tires  worn  and  journals  displaced  in 
accordance  with  actual  conditions  observed.  The  nominal 
braking  power  in  service  was  85  per  cent  and  in  emergency, 
160  per  cent.  The  total  actual  weight  of  car  under  the 
standard  conditions  assumed  for  serrice  is  142,000  lb.  Un- 
der the  worn  conditions  assumed  for  emergency  the  total 
car  weight  is  138.000  lb. 

NORMAL   BRAKE    SHOE   PRESSUEES  :    SERVICE 

Leading  Truck  Rear  Truck. 

Outside  wheel 9155  lb 8825  lb. 

Middle  wheel 9775  lb 9175  lb. 

Inside  wheel 8130  lb 8215  lb. 

Variation  in  normal  brake  shoe  pressure  =  1645  lb.;  per  cent 
variation  =20.2. 

NORMAL   brake   .shoe   PRE.SSURES :    EJIERGENCT 

Leading  Truck  Rear  Truck 

Outside  wheel         .  15,785  lb.  16,090  lb. 

Middle  wheel.  15.605  lb 15,555  lb. 

In.«ide  wheel 10,835  lb 9,840  lb. 

Variation  in  normal  brake  shoe  pressure  =  6,2.50  lb.;  per  cent 
variation  =63.5. 

ACTUAL    wheel    PRESSURES    ON    RAIL:    SERVICE 

Leading  Truck  Rear  Truck 

Outside  wheel 13,727  lb .  11,622  lb. 

Middle  wheel 10,697  lb 11,826  lb. 

Inside  wheel  1 1,076  lb 12,052  lb. 

Variation  in  \w\wv\  pressure  on  rail  =30.30  lb.;  per  cent  varia- 
tion =28  3. 
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ACTUAL   WHEEL  PRESSURES   ON    RAIL:    EMERGENCY 

Leading  Truck  Rear  Truck 

Outside  wheel 14,735  lb 11,956  lb. 

Middle  wheel 9,816  lb 11,234  lb. 

Inside  wheel 10,056  lb 11,435  lb. 

Variation  in  wheel  pressure  on  rail  =4,937  lb.;  per  cent  varia- 
tion =50.3. 

ACTUAL   PERCENTAGE   OP   BRAKING   POWER:    SERWCE 

Leading  Truck 

9155 
Outside  wheel:    j^=:p^  X  100  =  66.7 

Middle  wheel:      ,^4h=  X  100  =  91 .4 


Inside  wheel: 


10697 

8130 

11076 


X  100  =  73.4 


Rear  Truck 

8825 
Outside  wheel:     iTa22  X  100  = 


75.9 


Middle  wheel: 
Inside  wheel: 


X  100=68.1 


9175 
Y^2gX  100  =  77.6 

8215 
12052 

Variation  in  percentage  of  braking  power  =  91. 4  — 66.7=24.7. 
Per  cent  variation  in  percentage  of  braking  power  = 

24.7 

77^..  X  100  =  37.0. 

DO.  / 

FORCE  EFFICIENCY  OP  BRAKE  APPARATUS  :  SERVICE 

For  leading  truck, 

2  X  (9155+9775+8130)  _ 
\^  9052.5 X  100  =  99.6% 

For  rear  truck, 

2  X  (8825+9175+8215) 
6X9052.5 

FORCE   EFFICIENCY   OP   CAR   BRAKE,   EXCLUSIVE   OF    CYLINDER 
LOSSES,   ETC.:    SERVICE 

54120+52430  _ 

2X54315     X  100  =  98.1% 

FORCE  EFFICIENCY  OP  CAR  BRAKE,  INCLUDING  ALL  LOSSES 

0.85X142000  X  lUO-^^-i/o 

ACTUAL   PERCENTAGE   OP   BRAKING   POWER:    EMERGENCY 

Leading  Truck 


X  100  =  96.5% 


Outside  wheel :     ~^^  X  100  =  106 . 9  + 


Middle  wheel: 
Inside  wheel: 


15785 
14753 
15605 
'9816 
10835 
10056 


X  100  =  159.1  + 


X  100  =  107.7 


Outside  wheel: 


Rear  Truck 
16090 


11956 


X  100  =  134.6 


15555 
Middle  wheel:      j^;^  X  100  =  138.5 

9S40 
Inside  wheel:        jj^.^,.  X  100=   86.1 

Variation  in  percentage  of  bralcing  power  =  159 . 1  —  86 . 1  =  73 . 0 . 

Per  cent  variation  in  percentage  of  braking  power  = 

73.0 

gg-j  X  100  =  84.8. 

FORCE   EFFICIENCY   OF   BRAKE   APPARATUS 

For  leading  truck, 

(15785  +  15605  +  10835). 


2  X 
For  rear  truck, 


6  X  17040 


X  100  =  82.6% 


„       (16090  +  15555+9840)  ,„„     ^,   „^ 

2  X 6~X T7040 X  100  =  81 . 2% 

FORCE   EFFICIENCY   OP   CAB  BRAKE,   EXCLUSIVE   OF    CYLINDER 
LOSSES,   ETC. 

84450+82970 
2  X  102240    X  100  =  81.9% 

FORCE  EFFICIENCY  OP  CAR  BRAKE,  INCLUDING  ALL  LOSSES 
167420 


1.60  X  142000 


X  100  =  73.7% 


N.  A.  Campbell.'  After  the  Central  Railroad  of  New 
Jersey  high-speed  brake  tests  in  1903,  a  relatively  short  time 
ago,  it  was  thought  that  the  last  word  had  been  said  in  high- 
speed braking.  Stops  were  made  from  60  miles  per  hour 
in  less  than  1000  ft.  and  until  the  Pennsylvania  Railroad 
tests  last  year  they  had  not  been  equalled.  The  locomotives 
and  cars,  however,  were  about  half  the  weight  of  those  now 
in  use.  The  problem  of  braking  the  heavier  modern  cars 
so  as  to  make  the  shortest  possible  stop  in  emergency  ap- 
plications has  been  a  much  more  difficult  one  than  that  with 
which  we  were  confronted  ten  years  ago.  Few  fast  passen- 
ger trains  at  that  time  averaged  more  than  six  cars  in  length 
or  more  tlian  500  tons  including  the  locomotive.  Trains  of 
from  10  to  12  ears  that  weigh  over  1000  tons,  including  the 
locomotive,  have  been  a  source  of  much  trouble  to  some  roads 
on  account  of  the  severe  shocks  and  wheel  sliding  that  re- 
sulted from  emergency  applications. 

With  the  pneumatic  brake,  the  brake  cylinder  pressure 
reaches  the  maximum  on  the  forward  portion  of  the  train 
before  the  brakes  have  been  applied  on  the  rear.  The  result 
is  that  the  slack  has  time  to  run  in,  causing  a  shock,  more 
or  less  severe,  according  to  conditions,  and  exerting  a  force 
against  the  forward  portion  of  the  train  which  has  a  tendency 
to  cause  slid  fiat  wheels.  Some  railroad  men  have  been  pro- 
testing against  the  rapid  rise  of  brake  cylinder  pressure  in 
emergency  applications.  They  said  that  they  would  prefer 
a  slower  rise  of  pressure  in  the  cylinders  and  longer  stops 
than  the  trouble  due  to  shocks  and  slid  flat  wheels.  They 
are  justified  in  their  complaint  as  far  as  the  pneumatic  brake 
is  concerned,  but  I  believe  the  electro-pneumatic  brake  will 
tend  to  overcome  the  trouble. 

The  use  of  the  electric  control  in  combination  with  an  air 
brake  equipment  of  more  modern  design,  which  has  port 
areas  sufficiently  large  to  permit  the  maximum  cylinder 
pressure  to  be  obtained  in  less  than  half  the  time  required 
by  the  older  equipments,  will  very  materially  reduce  the 
length  of  emergency  stops. 

However,  as  there  are  very  many  service  stops  made  to 
one  in  emergency,  it  is  just  as  important,  if  not  more  so, 
to  take  care  of  the  service  applications.  The  time  required 
to  make  a  service  reduction  of  brake  pipe  pressure  increases 
with  the  increased  length  of  the  train,  and  as  the  brakes  are 
applied  on  the  forward  portion  of  the  train  before  they  are 
on  the  rear,  causes  shocks  or  surges.  Electric  control  of 
the  brakes  causes  the  brakes  on  all  ears  to  operate  simul- 
taneously, thus  eliminating  the  cause  of  these  shocks  by 
eliminating  the  time  element  existing  with  pneumatic  opera- 
tion. 

"With  the  electro-pneumatic  brake,  even  the  indifferent  or 
unskilled  engineer  can  handle  a  long  train  as  smoothly  and 
jiccurately  as  a  single  car,  while  without  the  electric  control 


>  Rep.,  N.  Y.  Air  Brake  Co.,  16.'>  Broadway,  New  York. 
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the  careful  and  skilled  eng:ineer  cannot  always  make  a  smooth, 
accurate  stop,  no  matter  how  hard  he  tries. 

The  Author.  Wheel  sliding,  to  whieh  Mr.  Vauglian  re- 
fers, is  perhaps  one  of  the  most  elusive  limitations  to  satis- 
factory brake  operation.  As  Mr.  Kelly  explains,  the  factors 
involved  in  fuially  determining  whether  wheels  slide  or  not 
in  any  given  ease  are  so  numerous,  complicated  and  often- 
times obscure  that  the  assignment  of  a  definite  cause  or 
causes  or  the  adoption  of  practicable  preventative  measures, 
at  the  same  time  maintaining  the  desired  brake  effectiveness, 
is  almost  entirely  a  matter  of  judgment  rather  than  of  fixed 
rule. 

The  effect  of  flanged  brake  shoes  as  observed  by  Mr. 
Vaughan  has  been  a  more  or  less  common  experience  on 
many  roads  in  this  country.  On  the  other  hand,  a  large 
railroad  system  in  the  East  has  used  flanged  brake  shoes  of 
a  highly  efficient  type  as  standard  on  all  their  passenger  cars 
for  years.  The  cars  are  braked  from  the  ordinary  high- 
speed brake  standard  up  to  as  high  as  180  per  cent  braking 
power  in  emergency,  trains  being  made  up  as  the  cars  may 
come.  This  road  has  not  experienced  any  inconvenience  from 
wheel  sliding  under  these  conditions.  As  pointed  out  by 
Mr.  Sargent  and  Mi-.  Burton  it  has  sometimes  been  found 
that  the  brake  rigging  and  brake  head  construction  has  been 
responsible  for  trouble  experienced  with  flanged  brake  shoes. 
The  use  of  worn  shoes  on  new  wheels  has  also  been  a  cause 
of  trouble. 

There  appears  to  be  but  one  cii'cumstancc  which  can  un- 
hesitatingly be  blamed  for  sliding  wheels,  namely,  an  excess 
of  resistance  to  rotation  over  rail  adhesion.  The  causes  con- 
tributing to  diminished  rail  adhesion  or  increased  resistance 
to  rotation  are  many  and  variable. 

The  considerable  increase  in  train  deceleration  during  the 
last  few  hundred  feet  before  the  stopping  point  is  an  evi- 
dence of  the  characteristic  action  of  frictional  resistance  at 
constant  pressure,  when  the  speed  of  relative  motion  of  the 
rubbing  surface  is  being  continually  reduced  from  a  relative- 
ly high  value  to  zero.  This  phenomenon  was  first  observed 
and  connnented  upon  in  the  report  of  the  classical  Galton- 
Westinghouse  Brake  Trials  on  the  London,  Brighton  &  South 
Coast  Railroad  in  1878  and  1879,  and  was  at  that  time  at- 
tributed to  the  effect  of  speed. 

All  subsequent  experiments  have  developed  this  charac- 
teristic action.  The  present  experiments  as  explained  in  the 
the  paper  show  that  it  is,  after  all,  a  temperature  effect, 
speed  being  one  of  the  factors  determining  the  resultant 
temperature  of  the  working  surfaces.  This  can  be  visually 
observed  in  the  disappearance  of  sparking  (showing  a  high 
■  temperature  of  the  rubbing  surfaces)  and  the  appearance  of 
non-incandescent  brake  shoe  metal  ground  off  toward  the 
end  of  the  stop.  Invariably  the  cessation  of  sparks  and 
appearance  of  the  non-incandescent  metal  dust  are  coincident 
with  the  beginning  of  the  rise  in  the  deceleration  line  re- 
ferred to  by  Mr.  Vaughan. 

The  question  of  complication  mentioned  by  Mr.  Vaughan 
and  Mr.  Thomson  depends  largely  on  the  functions  demanded 
of  the  brake.  Tf  simple  and  moderate  functional  perform- 
ance can  serve  the  purpose,  complication  of  apparatus  can 
largely  be  dispensed  with.  But  if  a  multiplicity  of  func- 
tions, a  high  degree  of  protection  against  undesired  action, 
and  a  high  efficiency  and  effectiveness  are  demanded  a  cer- 
tain amount  of  elaboration  of  the  apparatus  is  necessarily 


implied.  Mr.  Turner  has  pointed  out  the  requirements  of 
modem  railroad  service  whieh  are  constantly  demanding 
more  and  more  of  the  brakes  along  these  lines. 

It  might  be  suggested  here  that  the  impression  of  compli- 
cation is  heightened  by  the  multiplicity  of  lines  required  to 
illustrate  the  sequence  and  connections  of  the  working  parts 
of  the  valve  device  diagrammatieally,  and  as  if  all  in  one 
plane.  This  by  no  means  indicates  an  undue  complexity  of 
the  device  itself,  however,  partly  because  in  the  actual  con- 
struction the  connections  can  be  made  much  more  direct  and 
simple  than  on  a  single  flat  surface  and  pai-tly  because  ports 
and  passageways  once  properly  fixed  in  the  metal  do  not  cre- 
ate in  fact  the  working  complication  suggested  by  the  lines 
on  the  drawings. 

The  New  York,  West  Chester  &  Boston  tests  mentioned 
by  Mr.  Potter  are  probably  the  best  comparison  of  the  action 
of  one  and  two  brake  shoes  per  wheel  which  we  have  on 
record  up  to  date.  This  is  because  the  rigging  effect  was 
practically  eliminated  by  reason  of  the  use  of  the  same  rig- 
ging (with  proper  adjustment)  for  the  single  shoe  tests  as 
was  used  for  the  tests  with  two  shoes  per  wheel.  Thus,  the 
tests  fairly  compare  the  action  of  one  shoe  with  that  of  two 
siloes  per  wheel,  wdthout  introducing  the  additional  uncer- 
tainty of  the  action  of  two  different  types  of  foundation 
lirake  gear  which  is  always  present  when  testing  differently 
designed  riggings  for  clasp  and  for  single  shoe  brake  equip- 
ment. 

With  reference  to  the  cause  of  the  variation  in  train  rec- 
ords mentioned  by  Mr.  Sargent  we  would  refer  to  the  sec- 
tion on  Check  Runs  and  Averages,  where  it  is  shown  that 
the  length  of  stop  varied  from  1049  ft.  to  1389  ft.  No  as- 
signable cause  for  this  variation  has  been  discovered  aside 
from  the  known  difference  in  brake  shoe  bearing  and  shoe 
temperature.  It  therefore  seems  fair  to  assume  that  the 
dift'erent  shoe  metal  conditions  resulting  from  the  different 
manipulations  of  the  test  train  were  capable  of  producing 
the  differences  obser\'ed.  Moreover,  by  the  same  manipula- 
tion the  same  variation  in  the  results  could  be  reproduced 
at  will. 

The  data  submitted  by  Mr.  Burton  on  braking  force  and 
wheel  pressures  disclose  conditions  of  the  greatest  impor- 
tance and  significance.  This  phase  of  the  situation  deserves 
(he  careful  consideration  of  all  having  to  do  with  the  design 
and  maintenance  of  brakes  and  foundation  brake  rigging. 

The  per  cent  difference  in  stopping  distance  deduced  by 
Mr.  Burton  requires  a  word  of  caution  to  prevent  misunder- 
standing or  misuse. 

For  electro-pneumatic  brake  operation  the  almost  instan- 
taneous application  of  the  brakes  makes  it  permissible  to 
assume,  as  Mr.  Burton  has  done,  that  the  stops  will  vary 
mversely  as  the  product  of  e  X  A-  But  on  account  of  the 
longer  time  occupied  in  reaching  full  effectiveness  with 
jmeumatic  operation  and  especially  if  the  performance  of 
the  PM  brake  equipment  is  being  considered  (t  =  2.5  for 
PM  equipment)  more  or  less  error  is  involved  if  the  same 
assumption  is  made  in  such  cases.  The  stops  with  the  PM 
brake  equipment,  for  instance,  would  all  be  longer  than  those 
on  which  the  table  was  based  and  the  influence  of  the  time 
element  {t  in  the  formula  given  in  the  paper  for  length  of 
stop)  could  no  longer  be  disregarded  as  is  the  case  when 
the    stops    are    assumed    to    be    inversely    proportional    to 
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SAX    FRANCISCO,    SEPTEMBER    10 

The  San  Fraueiseo  Section  held  a  quarterly  meeting  on 
September  10,  at  which  a  lecture  bj'  John  A.  Britton  on  the 
Lake  Spaulding  Dam  of  the  drum  hydroelectric  installation 
recently  put  in  service.  This  dam  is  at  present  235  i'eet 
high  and  will  ultimately  be  raised  to  305  feet.  The  lecture 
was  presented  by  H.  C.  Vensano  and  J.  Jollyman  discussed 
the  mechanical  and  electrical  features. 

CIXCINT^ATI,    SEPTEMBER   17 

A  meeting  of  the  Cincinnati  Section  was  held  on  Sep- 
tember 17,  the  addi'ess  of  tlie  evening  being  upon  the  subject 
of  Electrical  Wires  and  Cables,  given  by  Charles  R.  Sturde- 
vant  of  Worcester,  Mass.,  connected  with  the  engineering 
and  educational  departments  of  the  American  Steel  &  Wire 
Company.  The  speaker  laid  special  emphasis  upon  insula- 
ting materials,  explaining  at  length  how  the  three  materials 
commonly  used  for  insulating  electrical  wires  and  cables, 
viz.,  rubber  compound,  saturated  paper  and  varnished  cloth, 
are  made  and  how  they  are  applied,  and  how  these  in  general 
need  further  protection  by  braiding,  sheathing,  or  armor. 
It  was  further  shown  how  the  finished  cables  are  tested,  the 
effect  of  heat  upon  the  electrical  properties,  and  the  energy 
losses  in  cables  in  service.  Mr.  Sturdevant  showed  an  un- 
usually tine  collection  of  samples  of  these  cables  in  which 
the  audience  was  much  interested. 

PHILADELPHIA,    OCTOBER    8* 

A  joint  meeting  with  the  Franklin  Institute  was  held  by 
the  Philadelphia  members  in  the  hall  of  the  Institute  on 
October  8,  with  a  paper  by  J.  E.  Johnson,  Jr.,  of  New  York, 
on  Recent  Developments  in  Cast  Iron  Manufacture.  Mr. 
Johnson  discussed  the  general  results  of  carbon,  silicon, 
sulphur,  phosphorus,  oxygen  and  manganese  in  cast  iron. 
In  connection  with  carbon,  he  considered  particularly  the 
effect  of  the  shape  of  the  crystals  and  the  form  of  crystalli- 
zation, which  are  not  shown  in  the  iron-carbon  diagram. 
He  outlined  in\estigations  made  at  the  Ashland  plant  of  the 
Lake  Superior  Iron  and  Chemical  Company,  in  which  it  was 
disclosed  that  the  presence  of  oxygen  accounted  for  the 
superiority  of  charcoal  iron  over  coke  iron.  He  further 
described  experiments  made  to  introduce  oxygen  and  convert 
coke  iron  into  a  product  he  considered  superior  to  charcoal 
u'on,  and  gave  the  physical  properties  of  an  iron  of  the 
composition  of  combined  carbon.  0.85  per  cent,  graphitic 
carbon,  2.65,  manganese,  0.26,  phosphoinis,  0.326,  sulphur, 
0.039,  silicon,  1.25,  oxygen,  0.50.  Photomicrographs  of  the 
structure  of  this  iron  were  shown. 

A  discussion  of  the  paper  followed. 

BOSTON,    OCTOBER    14 

The  first  meeting  for  the  season  in  Boston  was  held  on 
October  14,  the  subject  of  the  evening  being  Means  and 
Methods  of  Measuring  the  Flow  of  Fluids  in  tlieir  Applica- 
tion to  Industrial  and  Engineering  Problems. 

Three  types  of  ai^paratus  in  most  common  use  in  connec- 
tion with  the  handling  of  water,  oil,  steam,  gas,  etc.,  were 
described,  Frederick  X.  Connet,  chief  engineer,  Venturi  De- 
partment, Buildi'iv   Trim   Fimiidry  of  Providence,  describing 


the  Venturi  Type;  E.  L.  Brown  of  the  General  Electric 
Company,  Boston,  dealt  with  the  Pitot  Type;  and  D.  R. 
Yarnall,  treasurer,  Yarnall- Waring  Company,  Philadelphia, 
took  up  the  Weir  Type.  The  remarks  of  all  three  were 
illustrated  with  lantern  slides. 

Mr.  Connet  presented  a  chart  showing  the  development  of 
the  study  of  hydraulics  and  the  theory  of  freely  falling 
bodies,  tracing  it  back  to  the  time  of  Leonardo  da  Vinci, 
about  the  year  1500.  He  showed  that  to  Toricelli  belongs  the 
credit  for  the  formula,  V  varies  as  the  \/n,  and  to  Ber- 
nouiUi,  about  the  year  1700,  is  ascribed  the  establishment  of 
the  formula,  V  =  \/2GH.  The  principle  of  the  venturi 
meter  was  brought  out  by  Venturi  in  about  1800  and  Her- 
schel  later  adapted  this  principle  into  the  venturi  meter 
itself,  giving  it  its  pre.sent  name.  The  slides  shown  by  Mr. 
Connet  displayed  meters  all  the  way  from  IV2  in.  to  17V2 
ft.  in  diameter  and  also  the  36-ia.  meters  used  at  the  World's 
Fair  in  1893,  by  the  use  of  which  a  large  and  unexpected 
leakage  was  checked.  He  called  special  attention  to  the  fact 
that  pulsations  must  be  removed  and  showed  methods  for 
overcoming  this  difficulty. 

E.  L.  Brown  devoted  his  remarks  to  the  flow  meter  of  the 
pitot  type  extensi\ely  used  for  measuring  the  volume  of 
steam. 

D.  R.  Yarnall  described  the  Lea  V-notcli  recorders,  both 
single  and  combined  with  feedwater  heaters,  and  explained 
that  the  principle  of  operation  was  based  on  Thompson's 
foi-mula  for  the  V-notch.  Methods  of  computing  from  the 
records  made  by  the  instrument  were  described.  He  called 
attention  to  the  use  of  blowdown  meters,  the  readings  from 
which  are  to  be  deducted  from  those  of  the  supply  meters 
to  show  the  net  evaporation.  These  meters  are  used  in  a 
big  plant  to  indicate  any  leaky  blow-off  valves. 

In  the  discussion  which  followed,  R.  E.  Dillon  described 
a  St.  John  orifice  meter  and  J.  F.  Vaughan  gave  experiences 
with  meters  that  had  come  under  his  obsei'vation.  Sanford 
A.  Moss  dealt  with  the  measurement  of  the  volume  of  air 
issuing  from  blowers,  air  compressors,  etc.  About  150  were 
in  attendance. 

CINCINNATI,    OCTOBER    15 

Prof.  F.  R.  Hutton  addressed  the  joint  meeting  of  the 
Engineers  Club  and  the  Cincinnati  Section  of  the  Society  on 
October  15,  upon  the  Testing  of  the  Motor  Vehicle.  He 
urged  among  other  things  the  abandonment  of  the  word 
automobile  and  the  substitution  of  the  more  inclusiTe  term 
motor  vehicle.  His  address  covered  four  main  points,  the 
reason  for  testing  a  motor  \ehicle,  where  and  by  whom  such 
tests  should  be  made,  how  the  motor-vehicle  engines  should 
be  tested,  and  what  results  might  be  obtained  from  such  tests. 

A  motor  is  tested  for  economy  and  efficiency,  and  may  be 
tested  on  the  road  or  on  power  measuring  apparatus  within 
doors;  it  may  be  tested  by  its  designer  and  builder  when 
new,  or  by  its  owner  after  it  has  been  in  use. 

Professor  Hutton  illustrated  the  ways  of  testing  by  a 
large  number  of  lantern  slides,  showing  one  of  the  best  test- 
ing installations  of  the  world,  at  the  Automobile  Club  of 
America.  A  number  of  curves  were  given  showing  the  plot- 
ting of  the  results  of  scientific  testing.  He  made  also  a  plea 
for  good  roads,  illustrating  bad  roads  by  slides.  There  were 
more  than  100  in  attendance. 
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ENGINEERING  SURVEY 

The  war  in  Europe  appears  to  have  less  iuflueuee  ou  the 
files  of  papers  at  the  Ijibrary  of  the  Engineering  Societies 
than  was  feared  would  be  the  case  a  month  ago.  Only  a  few 
German  papers  of  minor  influence  have  entirely  suspended 
publication,  and,  of  course,  all  the  Belgian  papers.  The 
rest  are  appearing,  though  usually  in  a  reduced  size.  The 
delivery  appears  also  to  have  attained  a  considerable  amount 
of  regularity,  so  that  there  is  now  absolutel\-  no  doubt  of 
the  ability  to  maintain  the  Engineering  Sui-ve^-  at  the  usual 
level  of  interest. 

The  greater  engineering  societies  throughout  Europe  con- 
tinue their  activities.  The  German  and  Austrian  Societies, 
in  addition  to  purely  engineering  work,  have  gone  into  work 
of  political  and  military  nature.  Thus,  the  Verein  deutseher 
Ingenieure  is  recruiting  engineers  for  the  army,  while  the 
German  Society  of  Steel  Metallurgy  is  publishing  and  send- 
ing out  with  its  official  organ,  reprints  of  telegrams  from 
the  seat  of  war,  in  German  and  English,  purporting  to  pre- 
sent the  true  state  of  affairs  from  the  German  side. 

THIS  MONTH'S  ARTICLES 

The  ditficulties  of  manufacturing  double  acting  two  stroke 
cycle  engines  are  presented  in  an  abstract  of  an  article  by 
Hoffman  in  the  section  Internal  Combustion  Engineering. 
In  the  next  section  are  indicated  some  data  concerning  the 
use  of  higli  speed  tool  steel  and  testing  comjiressed  air  twist 
driUs  in  German  shipyards. 

The  article  of  Kaemmerer  on  auxiliary  machinery  aboard 
merchant  ships,  only  part  of  which  is  abstracted  here,  cov- 
ers several  subjects  of  intei-est,  such  as  the  description  of 
a  new  winch,  evaporator,  ball  bearing,  roller  bearing,  and 
a  governor  which  is  claimed  to  eliminate  racing  of  the  en- 
gine. In  the  same  section  will  be  found  an  abstract  of  an 
article  by  Loewe  on  the  calculation  of  worm  gear  drives 
for  the  rear  axles  of  power  wagons.  Wliile  this  article  does 
not  present  anything  particularly  new,  it  is  given  here  be- 
cause of  the  comparatiye  scarcity  of  data  on  worm  gear 
driving. 

Tlie  article  on  steam  and  gas  fired  bakers'  ovens  by  Pradel 
covers  a  somewhat  neglected  section  of  engineering  to  which 
the  recent  Gas  Exhibition  in  Munich  has  given  a  consider- 
able impetus  in  Germany. 

The  section  on  Steam  Engineering  contains  several  arti- 
cles of  interest.  On  account  of  lack  of  space  only  a  brief 
reference  could  be  given  to  the  description  of  the  boiler 
plant  at  the  International  Exhibition  of  Printing  and 
Graphic  Arts  at  Leipzig  designed  to  burn  exclusively  lig- 
nite briquettes.  In  the  next  abstract  Winkelmann  discusses 
the  influence  of  flring-up  processes  on  the  life  of  tubular 
boilers  with  withdrawable  smoke-tubes,  and  various  ways  of 
preventing  thg  rise  of  stresses  due  to  difference  between  the 
temperature  of  water  and  boiler  metal.  Schdmberg  gives 
data  on  the  application  of  large  straight  flow  steam  engines 
in  metallurgical  plants,  chiefly  in  various  types  of  rolling 
mills. 

In   the   section    Strength    of   Materials   and   Materials   of 


Conslrucliou,  arc  rcpoited  articles  on  the  iuflueuee  of  the 
presence  of  notches  on  the  strength  of  machine  parts.  In 
the  course  of  this  article  mention  is  made  of  the  work  of 
Doctor  of  Engineering  Preuss.  We  are  son-y  to  announce 
that  this  writer,  whose  work  has  been  referred  to  before 
in  the  Engineering  Survey,  has  been  recently  killed  in  the 
war  in  Europe.  In  the  next  article  in  the  same  section, 
Weiss,  in  investigating  the  process  taking  place  in  upsetting 
of  metal  cylinders,  calls  attention  to  a  rather  striking  phe- 
nomenon, viz.,  the  formation  of  an  internal  core  and  an  ex- 
ternal ring  surface,  the  appearance  of  latter,  especially  in 
the  case  of  copper-manganese  alloy,  being  essentially  differ- 
ent from  the  core  metal. 

In  a  paper  before  the  American  Institute  of  Mining  En- 
gineers S.  S.  Kumsey  and  W.  E.  Schwedes  describe  a  test  of 
centrifugal  motor-driven  pumps. 

An  abstract  of  papers  presented  before  the  Engineers' 
Society  of  Western  Pennsylvania  on  the  measurement  of 
the  velocity  of  flowing  water  was  given  in  the  Engineering 
Survey  for  last  month.  These  papers  have  led  to  a  discus- 
sion of  unusual  interest,  an  abstract  of  which  is  given  this 
month.  An  abstract  of  another  paper  presented  before  the 
same  societ\-,  by  C.  L.  W.  Trinks  on  air  in  jet  condensers,  is 
likewise  given  this  month,  with  such  portions  of  the  dis- 
cussion as  the  space  available  permitted  of  using. 

Of  the  papers  j^resented  to  the  autunni  meeting  of  the 
Ii-on  and  Steel  Institute  abstracts  are  given  of  three  pa]5ers 
of  interest  to  the  mechanical  engineer:  the  decarburization 
of  steel  in  the  salt  baths  used  for  heating  previous  to  harden- 
ing, where  it  is  shown  that  a  mixture  is  available  which 
secures  a  perfect  equilibrium,  with  respect  to  eai'bon  in  the 
l)ath,  to  such  an  extent  that  it  is  possible  to  obtain  simulta- 
neously, in  the  same  bath,  the  decarburization  of  hard  steels 
and  the  carburization  of  dead-soft  steels.  Walter  L.  .John- 
son, in  a  paper  on  the  utilization  of  heat  contained  in  slags 
in  steam  turbines,  shows  that  while  blades  are  available 
which  are  but  little  affected  by  steam  produced  from  the  hot 
slags,  the  direct  method  of  steam  utilization  is  not  con- 
venient on  account  of  the  tendency  of  sulphur  deposit  to 
clog  the  turbine  passages,  and  a  water  heater  or  heat  ex- 
changer has  to  be  used.  He  found  that  with  projjer  equip- 
ment and  without  a  heavy  increase  of  cost  of  operation  or 
initial  investment,  there  may  be  obtained  31.6  h.p.  per  hour 
per  ton  of  slag  per  hour.  In  this  connection  will  be  also 
of  interest  the  paper  by  T.  Rolland  Wollaston  before  the 
Society  of  Chemical  Industi-y  on  power  costs  in  various 
works,  showing  that  it  is  actually  possible  not  only  to  ob- 
tain power  free  of  cost,  but  to  have  a  profit  of  21  per  cent 
on  the  capital  outlay.  This  is  possible  with  a  Mond  system 
peat  gas  recovery  plant,  the  disadvantage  of  which  is,  how- 
ever, that  its  capital  cost  is  extremely  high,  approximately 
.$210,000  for  a  plant  of  2,000  h.p.  There  may  yet  come  a 
day  when  all  power  used  by  the  industries  will  be  only  a 
by-product  of  manufactures,  chemical  works,  blast  furnaces, 
coal  products  utilization,  etc. 

In  connection  with  the  abstract  from  the  Professional 
^Memoirs.  Corjis  of  Engineers,  U.  S.  Army,  in  the  October 
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issue  of  The  Journal,  p.  201,  describing  a  type  of  rope 
fastening,  Mr.  F.  W.  Trabold,  member  of  the  Society,  writes 
tliat  he  has  found  the  drop-forged  wire  rope  socket  with  the 
strands  of  the  cable  se|iarated  and  then  babbited  to  be  a 
reliable  type  of  construction.  With  the  strongest  wire  rope 
the  cables  almost  invariably  parted  before  the  sockets  did, 
sometimes  close  to  the  socket,  and  sometimes  at  a  consid- 
erable distance  from  it,  which  is  of  interest  as  the  separation 
of  the  rope  at  some  constant  point  might  indicate  weakness 
created  in  the  given  portion  of  the  rope  through  tlie  par- 
ticular construction  of  the  socket.  As  regards  the  compara- 
tive cost  of  splicing  and  babbiting,  the  writer  points  out  that 
the  labor  of  splicing  is  considerably  more  costly  than  that  of 
babbiting  the  cable  in  the  socket;  wMle  the  socket  itself  is 
considerably  more  costly  than  the  thimble,  there  is  a  final 
economy  owing  to  the  lower  labor  cost.  Further,  while  the 
socket  is  more  costly  than  the  cli])  and  thimble  combined 
used  in  the  splicing  method,  in  the  latter  18  in.  additional 
cable  is  required  which,  practically  equalizes  the  matter  of 
cost.  As  regards  the  strength  of  drop-forged  wire  rope 
sockets  the  writer  states  that  with  alloy  steel  plugs  the  socket 
on  the  114  in-  size  pulled  strains  of  149,700  lb.  without  in- 
jury- 
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Kejiarks  Concerning  Double  Acting  Two  Stroke 
CrcLE  Engines  (Bemerkungen  iiber  doppelwirkende  Zuei- 
taktmotoren,  Max  Hofmann,  Dinglers  polytechnisches  Jour- 
nal, vol.  329,  no.  38-39,  p.  575,  September  26,  1914,  3  pp., 
3  figs.,  g.).  The  article  discusses  the  difficulties  of  design  and 
construction  of  double  acting  two-stroke  cycle  engines.  It 
is  not  sufficiently  realized,  according  to  the  author,  that  the 
main  essential  requirements  of  this  tj'pe  of  engine,  that,  com- 
mercially, it  can  be  built  only  in  large  sizes — is  opposed  by 
the  difficulty  of  overcoming  the  stresses  caused  in  the  large 
cylinder  eastings  by  expansion  due  to  unequal  heating.  A 
complicated  engine  cylinder  in  which  the  liner  and  cooling 
water  jacket  are  east  in  one  piece  and  which  carries  on  top 
and  bottom,  a  .second  jacket  for  the  scavenger  air  connec- 
tions, is  just  the  kind  of  construction  that  is  likely  to  show 
cracks  in  it  immediately  after  it  is  set  in  operation.  The 
jackets  by  no  means  increase  the  strength  of  the  cylinder  in 
the  axial  direction.  On  the  contrary,  the  working  walls  of 
the  cylinder  come  in  contact  with  the  burning  gases  and  at- 
tain a  high  average  temperature  while  the  exterior  jacket, 
on  account  of  the  flow  of  water,  remains  cool,  this  combina- 
tion leading  to  the  rise  of  great  axial  stresses  and  possible 
lupture  of  the  cylinder.  It  has  been  recommended  to  use 
special  liners  or  to  put  in,  either  by  threading  or  by  rolling 
in,  special  steel  tubing  for  scavenger  air  valve  support. 
This  is,  however,  not  mechanically  convenient,  since  the  heat 
expansion  of  the  liner  and  the  displacement  of  the  threaded- 
in  or  rolled-in  connection  would  very  rapidly  develop  leaks 
at  places. 

The  design  of  scavenaror  valves  is  also  a  difficult  prob- 
lem. Horizontal  valves  are  only  used  seldom,  the  Korting 
tj'pe  being  tlie  only  one  on  the  market.  In  order  to  obtain 
a  disc-shaped  combustion  space,  this  type  is  willing  to  suffer 
the  operating  difficulties  of  this  type  of  valve  arrangement. 
With  it,  the  scavenger  valve  pockets  have  to  be  so  deep  as 
to  raise  very  materially  the  clearance  space  at  the  end  of 


the  compression  stroke.  As  shown  in  Fig.  1  (upper  connec- 
tion-admission of  scavenging  air,  lower  connection  for  ex- 
haust), the  double  acting  engine  of  this  type  gives  approxi- 
mately 20  per  cent  of  the  combustion  space  to  pockets  neces- 
sitated by  the  horizontal  valve  arrangement  and  since  the 
piston  in  its  final  position  covers  over  these  pockets  to  a 
large  extent,  the  air  contained  therein  is  late  in  coming  in 
contact  with  the  entering  fuel,  and  is  apt  therefore  to  pro- 


FiG.  I     Double  AcTOiG  Two  Stroke  Ctcle  E.ncin'e  Ctlindeh 

duce  after-burning  of  the  charge,  in  addition  to  which  the 
horizontal  position  of  the  valve  is  apt  to  produce  incomplete 

scavenging. 

Machine  Sliop 

Testing  of  Compressed  Air  Twist  Drills  in  the  Royal 
Shipyards  at  Kiel  (Erprobung  von  Spiralbohrern  filr  den 
Pressluftbetrieb  auf  der  Kaiserlichen  Werft  Kiel,  T. 
Schwarz,  Zeits.  des  Vereines  deutscher  Ingenieure,  vol.  58, 
no.  33,  p.  1336,  August  15,  1914,  4  pp.,  6  figs.,  de.).  The 
article  presents  a  description  of  an  installation  for  the  pur- 
pose of  testing  twist  drUls,  and  indicates  how  from  the  data 
of  such  tests  one  is  enabled  to  determine  the  most  advan- 
tageous grades  of  steel  for  the  various  kinds  of  work.  Until 
the  time  when  twist  drills  have  been  produced  from  high 
speed  steel,  the  latter  had  quite  a  limited  application  in 
shipyards.  Even  now,  in  the  case  of  high  speed  steel,  one 
has  to  consider  not  only  the  price  of  the  material,  but  also 
its  I'ange  of  application.  While  high  speed  steel  has  been 
proven  capable  of  excellent  work  for  drilling  purposes,  it 
seems  to  be  far  less  applicable  for  dies  and  stamps  for 
compressed  air  riveting.  Further,  the  number  of  grades  of 
liigh  speed  steel  used  in  shipyards  increases  rapidly  with 
the  range  of  application,  and  since  each  grade  of  steel  re- 
quires the  use  of  peculiar  methods  for  its  handling  and  har- 
dening, the  proper  selection  of  tool  steels  becomes  a  matter 
of  considerable  difficulty.  The  further  difficulty  of  buying 
these  supplies  for  government  shipyards  by  open  competi- 
tion led  to  the  development  of  a  system  of  ordering  tool 
steel  by  indicating  the  purpose  for  which  it  was  to  be  used. 
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Fig.  2    Merchant  Ship  Mechanical  EoniPMENT:   A  Winch;  B  Evaporator; 
C  Ball  Bearing;  Z)  Roller  Bearing;  E  Brququiere  Governor 

This  is  particularly  the  case  with  twist  drills  which  have 
been  found  to  have  a  very  wide  application  in  shipyards 
on  compressed  air  drilling  machinery,  and  this  makes  the 
output  test  recently  conducted  at  the  Royal  shipyard  in  Iviel 
of  particular  interest.  All  the  twist  drills  used  for  these 
tests  have  been  made  of  high  speed  steel,  17  mm.  in  diameter. 
They  were  all  delivered  by  the  manufacturers  at  the  ship- 
yards ready  for  use,  only  provided  with  one  angle  of  116 
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deg.  The  article  shows  the  arrangement  of  the  testing 
apparatus  and  gives  the  data  obtained  in  the  tests,  among 
other  tilings  curves  ot  output  for  various  types  of  high  speed 
steel  twist  drills. 

Modern  Auxiliarv  Macmixery  and  I.sstallation.s  ox 
Merchant  Ships  (Neuere  Ililfsmancliinen  unci  Einrlchtun- 
gen  fiir  Handelsschiffe,  W.  Kaemmerer,  Zeits.  des  Vereines 
deutscher  Ingenieure,  vol.  58,  serial,  d.).  The  article 
describes  modern  auxiliary  machinery  and  installations  on  a 
merchant  ship.  Among  other  things  described  is  a  special 
winch  for  use  on  boats  to  serve  simultaneously  for  hoisting 
provisions,  coal  and  boats.  It  is  shown  in  Fig.  2A  and  is 
operated  by  a  24  h.p.  200  ampere  140  volt  direct-current 
motor,  driving  at  590  r.p.m.  the  main  shaft  of  the  winch 
which  serves  for  hoisting  provisions.  On  an  extension  of  the 
shaft,  there  is  a  capstan  head  to  take  care  of  the  coal  bas- 
kets; further,  there  is  a  train  of  two  spur  gears,  driving  at 
700  Y.\i.m.  a  transmission  shaft  for  the  Welin  boat  davits. 
The  handling  of  the  winch  is  extremely  simple.  The  load  is 
lifted  by  a  single  hand  lever,  while  a  foot  lever  actuates  a 
braking  electric  magnet.  The  winch  lifts  a  load  of  2  tons  at 
a  speed  of  0.75  meters  (29.5  in.)  per  second. 

The  author  describes  further  an  evaporator  (Fig.  B) 
which  is  said  not  to  have  been  previously  described  any- 
where. It  has  a  heating  area  of  5.9  q.m.  (63.5  sq.  ft.).  The 
sea  water  enters  at  a  and  flows  around  the  copper  serpen- 
tine b,  through  which  passes  the  steam  from  the  boilers  or 
receivers.  The  salt  deposited  during  the  above  operation  is 
let  out  through  a  valve  c ;  steam  obtained  from  the  sea  water 
moves  forward  and  is  let  out  through  the  valve  d.  In  the 
upper  part  of  the  condenser  there  is  a  preheater  and  trap  e, 
the  purpose  of  which  is  to  eliminate  from  the  steam  the 
water  particles.  The  copper  serpentine  can  be  easily  taken 
out  by  removing  a  single  cover  and  easily  cleaned,  which 
would  be  necessary  quite  often  as  the  salt  has  a  tendency 
to  deposit  on  the  copper. 

Fig.  C  shows  a  pressure  bearing  designed  for  propeller 
shafts  by  the  German  Arms  and  Ammunition  Factory  in 
Berlin.  Its  construction  is  characteristic  through  the  fact 
that  both  the  radial  and  axial  pressure  on  the  shaft  is  taken 
up  by  ball  bearings.  The  ball  bearing  a  is  placed  in  a  strong 
housing  of  steel  casting  reinforced  by  ribs  in  wiiich  the  races 
are  adjusted  on  both  sides.  One  ball  race  bearing  6  jiresses 
on  one  side  against  a  shoulder  on  the  shaft  and  on  the  other 
band  is  held  by  a  divided  intermediary  piece.  The  other  ball 
race  bearing  d  presses  against  the  intermediary  piece  by  a 
nut  e.  After  the  cap-shaped  cover  /,  placed  on  top,  is  removed, 
the  housing  becomes  easily  accessible.  On  the  other  side,  the 
housing  is  closed  by  an  ordinary  flat  cover.  Both  covers  are 
packed  with  respect  to  the  shaft  by  felt  rings.  The  balls  are 
held  in  the  bearings  by  the  casings  h  made  of  brass;  both 
footstep  bearings  a,  kept  in  place  by  the  intermediary  piece 
c,  are  provided  with  foot  rings  pressing  against  the  base 
plate  /,  and  have  automatic  adjustment  to  meet  bending  of 
the  shaft.  From  the  base  plate,  the  footstep  pressure  is 
transmitted  by  means  of  the  intermediary  ring  k  held  rigid 
in  the  housing.  On  the  side  free  of  load  there  is  an  air  gap 
of  0.25  mm.  (0.009  in.)  between  the  base  plate  and  the  inter- 
mediary ring.  The  base  plate  also  takes  up  the  pressure  of 
a  number  of  vertical  spiral  springs  uniformly  distributed 
around  the  periphery.  The  balls  of  the  bearings  are  held  in 
casings  of  sheet  brass.  The  oil  used  for  lubrication  must 
have  such  a  high  level  in  the  bearing  that  tlie  balls  in  the 


races  should  be  under  oil  up  to  one  half.  This  can  be  ob- 
served from  the  outside  by  means  of  glass  tubes.  The  balls 
oi  the  fmidaraental  bearing  run  also  constantly  in  oil.  The 
iixial  pressure  taken  up  by  such  ball  bearings  amounts  to 
SOO  kg.  (1763  lb.)  at  450  r.p.m. 

The  roller  bearing  of  the  Moffet  tyjie  to  take  up  axial 
pressure  of  the  prupeller  shaft,  as  built  by  the  Atlas  works 
in  Bremen,  is  shown  in  Fig.  D.  The  pressure  shaft  has  only 
one  connection  a  over  which  is  placed,  on  each  side,  a  hard- 
ened ground  ring  b  to  take  up  the  alternations  in  the  diree- 
tit)n  of  the  pressure  during  the  forward  and  Ijackward 
motion.  From  these  two  rings  the  pressure  is  transmitted 
upon  a  special  bearing  by  means  of  a  number  of  conical  roll- 
ers, either  in  one  direction  or  another,  through  two  spherical 
rings  c  and  c',  gripping  into  one  another.  The  conical  roll- 
ers are  held  in  a  rigid  casing  d  on  both  sides  of  the  cam, 
liut  each  roller  is  individually  adjustable  by  means  of  the 
device  shown  at  e.  Each  of  the  roller  casings  is  steered 
along  the  shaft  by  means  of  a  bronze  ring  /,  while  the  weight 
of  the  pressure  shaft  itself  is  taken  up  by  the  cylindrical 
rollers  g,  wliich  in  their  turn,  are  located  in  a  rigid  frame. 
Small  bolts  are  used  for  guiding  the  individual  rollers  along 
(lie  shaft,  provided  with  such  an  amount  of  play  that  they 
do  not  take  part  in  the  transmission  of  the  pressure. 

The  article  further  describes  the  construction  of  the 
Brouquiere  governor,  the  advantage  of  which  is  that  it  is 
claimed  not  to  permit  racing  of  the  engine.  Its  construction 
is  said  to  be  extremely  simple  and  is  shown  in  Fig.  E.  As 
close  as  possible  to  the  valve  of  the  pressure  cylinder,  is 
built  in  the  steam  piping,  a  special  governor  valve,  the  hous- 
ing of  which  (made  of  bronze,  cast  iron  or  cast  steel),  con- 
tains a  cylindrical  guide  with  slots.  These  slots,  and  con- 
sequently the  steam  admission  to  the  engine,  are  opened  or 
closed  as  necessary,  by  means  of  a  piston  rod  which,  as 
>howii  in  Fig.  Y,  is  moved  in  such  a  manner  that  as  soon  as 
the  level  of  the  ship  changes  longitudinally,  a  pendulum  be- 
gins to  act  on  a  knee  lever  transmission,  this  action  taking 
place,  however,  only  when  the  ship  changes  its  position  m  a 
longitudinal  direction ;  if  the  ship  starts  to  roll,  the  pen- 
dulum oscillates  without  affecting  the  steam  stop  valve,  the 
position  of  which  may  be  further  adjusted  by  means  of  a 
special  spindle.  Tlie  action  of  the  governor  may  be  seen 
from  Fig.  G. 

Mechanics 

Calculation  of  Worm  Gear  Drive  for  Rear  Axles  of 
PovTER  Wagons  (Berechnung  des  Schneckcnantribes  filr 
KrafHvagen-Hinterachsen,  A.  G.  von  Loewe,  Der  Motor- 
tragen.  vol.  17,  no.  21,  p.  501,  July  31,  1914,  4  pp.,  mp.).  In 
calculating  the  worm  gear  drive  for  the  rear  axles  of  power 
wagons,  the  gear  ratio  U  and  the  normal  modulus  may  be 
assumed  to  be  known.  The  following  conditions  must  be 
satisfied  by  the  worm  gear  drive:  (1)  a  very  high  efllciency, 
in  good  execution  about  97  per  cent:  (2)  possibility  of  re- 
versing without  materially  increasing  the  work  of  friction ; 
(3)  no  danger  of  seizing  between  surfaces  sliding  under 
pressure.  The  fulfillment  of  these  conditions  is  affected  prin- 
cipally by  the  angle  of  inclination  of  the  worm,  the  selec- 
tion of  which  must  be  therefore  made  with  the  greatest  care. 
To  determine  the  efficiency,  and  consequently  the  friction 
losses,  one  has  to  start  from  the  conditions  of  equilibrium  of 
the  worm  gear  drive.  Let  A^  =  the  work  of  driving.  A,  = 
work  of  friction,  .4,  =  work  transmitted;  then: 
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-^m  =  A,  +  A,  and  A,  =  A.„  —  A,. 
If  a  is  the  angle  between  the  thread  and  the  generatmg 
line  of  the  cylinder  of  the  gear,  and  u.  =  tan  9  the  coefficient 
of  friction,  then : 

Am  (J. 


-•1, 


A,  =  A,.^ 


sin  a     cos  a  -}-  u.  sm  a 
;j.(l  -|-  tan"  a) 


The  eltieiency  -r,  is: 


-Ir 


tan  a(l  -|-  u.  tan  x  ) 


tan  tt  —  (A 


A,„  tan  !x(l  -(-  [J.  tan  a) 

By  difi'erentirtting  this  expression  in   a.  we  iind  that  fi  is  a 
maximum  when 

fjL(l  -)-  2u.  tan  a  —  tan"  a)  =  () 
and  hence : 


tan  a  =  y.  ±  VsJi'  +  1 
If  we  substitute  for  ^  in  this  expression  some  number  C,  and 
then  determine  the  value  of  at.  it  will  always  be,  provided 
u.  =  tan  a, 

.  =  45^+-^ 

and  therefore  tlie  best  efliciem-y  will  be  obtained  from  a 
worm  and  worm-wheel  with  an  angle  of  inclination : 

a  =  45°  +  -^-  '"■  ^'  =  -15° ^ 

In  the  case  of  motor  cars  such  wheels  cannot  be  applied, 
however,  because  their  diameter  is  approximately  propor- 
tional to  the  gear  ratio,  and  the  drive  would  therefore  have 
too   large   dimensions.      When    the    angle    of    inclination    is 

(J 
45° ;-    the  friction  in  reversed  drive   is  ap])roximately 

equal  to  that  of  direct  drive;  the  smaller  the  angle  a,  the 
larger  are  the  friction  losses  in  reverse  drive,  until  at 
tan  a  =  u,  seizing  takes  place. 

According  to  data  collected  by  Ader  for  the  Automobil- 
technisches  Handhuch,  there  is  the  following  relation  between 
the  admissible  normal  tooth  pressure  P„  (in  kg.)  and  the 
sliding  speed  Cj  (in  meters  per  sec.)  : 

r,    125       2        2.5      3        4 
P„     600     375     300     240     150 
In  the  same  reference  book  a  table  is  given  which  indi- 
cates that  the  greater  the  niunber  of  turns  of  the  worm,  the 
smaller  are  the  friction  losses  in  the  worm  gear  drive. 

The  forces  acting  in  the  gear  are  determined  in  the  fol- 
lowing manner.    The  following  notation  is  used  : 
l/„,    the    maximum    moment    of   torsion    transmitted    in    kg. 

per  em.; 
((  diameter  of  pitch  circle  of  worm,  in  cm. ; 
P  tangential   pressure  at  the  pitch   circle  of  the   worm,   in 

m.  per  kg.; 
P,   transmitted  tangential   effort   at   the   pitch   circle   of  the 

worm  wheel  in  m.  per  kg. ; 
P„  normal  tooth  pressure  in  kg. ; 
a  angle  of  inclination  in  deg. ; 
u,  coefficient  of  friction ; 
■t\  efficiency  of  the  worm  gear  drive; 
If  the  worm  drives  the  gear, 

d 

where  d  can  be  determined  graphically.     Further : 


tan  a- 


1  -|-  u.  tan  a 


or  P,  =  P 


tan  a  - 


■  0.08 


1  +  0.08  tan  a 


the  latter  with  tj.  =  0.08. 
P 


P„  =• 


Tlic  normal  tooth  incssure  is 


tl 


cos  a  -)-  [A  sin  a 
e  elliciency  is  tlien : 

tan  a  —  0.08 


.-      and  P„  = 


-and  f\ 


cos  a  +  0.08  sin  a 
tan  a  —  0.08 


tan  a(l  +  0.08tan  a) '        tan  a+ 0.08  taiT  a 

In  order  to  determine  the  permissible  tootli  pressure  as  a 
function  of  the  sliding  speed,  the  pressure  at  the  greatest 
sliding  speed  that  may  occur  has  to  be  determined,  since,  as 
shown  in  the  above  table,  with  increasing  sliding  speed,  the 
pressures  P„  invariably  decrease,  while  the  moment  of  tor- 
sion is  inversely  proportional  to  the  speed  of  rotation.  The 
greatest  sliding  speed  occurs  when  the  worm  runs  at  the 
speed  n  of  the  engine.  The  tangential  pressure  which  then 
c)'-curs  at  the  pitcii  circle  of  the  worm  is: 

P"  =  -'^ 
where  M  is  tlie  moment  of  torsion  of  the  engine.     The  nor- 
mal tooth  pressure  is  then  : 

P. 

/'  „  =  

cos  a  -f  0.08  sm  a 

The   maximum   tangential   speed   at    the   pitch   circle   of   the 

worm  is : 

■^  d.y        d.x 


V  =-_ 


wheie   .V 
speed  is 


100.00     ~;i600 
the   higliest   speed   of   the 


leters  per  sec. 


The   sliding 


sin  a 
The  values  of  P„„  and  Cj  must  satisfy  the  requirements  of 
the  table.  A  similar  calculation  must  be  carried  out  also 
tor  a  reversed  drive  under  the  above  most  unfavorable  as- 
sumptions. Let  P'j  be  the  tangential  resistance  to  be  over- 
come at  the  pitch  circle  of  the  worm,  in  kg.; 
P'  tangential  pressure  at  the  piti-h  circle  of  the  worm  wheel, 

in  kg. ; 
P'„  normal  tooth  pressure  in  kg. ; 
Jl  moment  of  torsion  of  the  engine  m  cm.  per  kg.;  then  the 

followinsi'  relations  are  good : 


2  X  0.65  m        ,  ^  M 

P\  =  , =1.3-r- 

'  d  <t 


P', 


tan  a  +  a 


'1  —  [A  tan  a 
and  the  ucu'mal  tootli  pressure  is 
P' 


and  P'  =  /'' 


tan  a  • 


0.1 


1  —  0.1  tan  a 


P'„ 


and  P'„ 


P' 


and  T,'  = 


sin  a  -{-  0.1  cos  i 
tan  a(l  — 0.1  tan  2) 


sin  a  -|-  [A  cos  a 
the  efficiency  being: 

tan  a(l  —  a  tan  a) 

tan  a  -f  a  tan  a  -)-  0.1 

Since  in  the  ease  of  reversed  drive  the  relation  between 
resistance  (or  tooth  pressure)  and  speed  of  rotation  (or 
sliding  speed)  are  different  from  that  in  the  case  of  direct 
drive,  and  there  is  no  apparent  proportionality  between  the 
two.  it  is  necessary  to  determine  it  for  the  two  extreme 
cases,  that  is,  maximum  normal  tooth  pressure  and  maximum 
sliding  speed.     In  the  first  case  P',.„  =  P'„,  and 


r'  =  1.5 


z.  £,.  -Y.  d. 


ZZ., 


i.OO 


meters  ]ier  sec. 


where  z,  j„  Z,  Z^  are  the  numbers  of  teeth  of  the  driving 
wheels  in  ensasement  at  the  smallest  gear  ratio. 
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At  the  greatest  sluiiiig  speed  the  resistance  at  the  pitch  cir- 
cle of  the  worm  is: 

P'„  =  0.2X2^X0.4^ 

and  the  tangential  pressure  at  the  pitch  circle  oi'  the  woiiu 
wheel  is 

,, an.  4- 0.1 


1  —  0.1  tan  a 
Hence  the  normal  tooth  pressure  is: 

P'„„  = p:^ 

bin  a  -\-  0.1  cos  a 
and  I  lie  sliding  speed  appears  to  be  equal  to 

V 


From  this  the  author  proceeds  to  the  determination  of  vari- 
ous dimensions  of  the  worm  gear  drive. 

Ovens 

Stio.\m  and  Gas  Fired  Bakers'  Ovexs  {Dampf-  und  Gas- 
backofen,  Pradel,  Zeits.  fur  Dampfkessel  und  Maschinen- 
betrieb,  vol.  37,  no.  38,  p.  435,  September  18,  1914,  3  pp., 
11  figs.,  d.).  The  article  describes  various  types  of  modern 
steam  heated  and  gas  fired  bakers'  ovens,  mainly  those  shown 
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6-decks  oven  which  gives  iui  idea  of  the  oven  equipment. 
The  oven  is  constructed  in  sucii  a  manner  that  each  deck 
singly  and  all  (he  decks  together  may  be  operated  as  de- 
sired. Those  single  decks  are  accessible  through  doors  /. 
When  a  3-decks  oven  is  used,  two  systems  of  piping  are  em- 
ployed— one  in  each  of  the  two  lower  decks,  a  and  a', 
divided  from  one  another  by  means  of  the  wall  <j  and  from 
the  heating  space  by  the  wall  h.  Through  this  latter  wall 
pass  the  ends  of  the  steam  pipes  b  which  have  to  be  heated. 
The  heating  pipes  are  U-shaped  and  are  located  in  such  a 
manner  that  their  lower  bend  lies  on  the  floor  of  the  decks 
under  tlie  drawplate,  wliile  the  ujjper  bend  b..,  which  joins 


-Er.haust 

From  Warm  Water  Tank 


Fia.  3     Bakers*  Ovens  and  Heaters  for  Same 


at  tlie  recent  Gas  E.\hibition  iu  Munich,  Germany.  After 
giving  a  general  statement  of  the  i)rinciples  on  which  the 
construction  of  this  kind  of  bakers'  oven  is  based,  the  author 
describes  several  typos  of  such  ovens.  Of  late,  gas  firing 
was  applied  to  steam  heated  bakers'  ovens,  e.g.,  in  the  Senk- 
ing  type  of  oven.  It  was  constructed  mainly  for  use  in  small 
.  bakeries.  As  shown  in  Figures  3  A  and  B,  the  Senking 
oven  consists  in  the  downward  direction  of  four  double  walls 
and  in  the  lateral  of  two  double  walls,  insulated  so  as  to 
prevent  losses  through  heat  radiation.  In  order  to  save  lloor 
space,  the  oven  is  built  vertically  and  has  from  2  to  6  decks, 
one  over  the  other.  This  arrangement  is  of  particular  ad- 
vantage for  large  cities  where  floor  space  considerations  are 
of  importance.  Figs.  A  and  B  show  two  sections  of  a  3-decks 
oven  at  right  angles  to  one  another.    Fig.  C  shows  a  similar 


the  u]iper  bend  6,,  goes  under  the  deck  cover  nearly  to  the 
wall  /(.  The  decks  a,  and  a,  are  therefore  provided  with 
heat  from  above  and  from  below,  while  the  deck  a^  is  pro- 
vided only  with  heat  from  below.  As  a  rule,  all  appliances 
on  the  oven,  as  well  as  (he  gas  cocks,  are  placed  as  far  as 
possible  on  the  front  part  so  tliat  the  attendance  may  be 
easy  and  convenient.  In  the  heating  space  of  the  oven  be- 
tween the  wall  h  and  the  external  wall  are  located  the  gas 
pipes  for  the  different  decks  operated  by  cocks  placed  on 
the  outside.  The  air  of  combustion  enters  from  below-  out 
of  the  air  chambers  d  and  reaches  the  flame  through  the 
openings  d^,  while  a  supplementary  amount  is  admitted 
through  the  screen  doors  which  serve  for  igniting  the  gas  and 
for  cleaning. 

As  the  combustion  of  gaseous  fuels  can  be  regulated  in 
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such  a  manner  as  to  produce  a  flame  free  from  soot,  indirect 
heating  of  baking  ovens  by  gas  does  not  appear  to  be  neces- 
sary, and  the  oven  may  be  heated  by  the  gas  flame  direct. 
It  is  possible  therefore  to  easily  convert  a  wood  fired  oven 
into  a  gas  oven  by  simply  using  a  suitable  burner.  The 
Meker  burner  used  in  this  connection  is  really  nothing  but 
an  improved  Bunsen  burner.  Fig.  D.  It  consists  of  a  pipe 
through  which  the  gas  is  driven  by  the  injector  /,  provided 
with  a  calibrated  opening.  Over  this  injector  is  screwed 
the  chimney  D,  provided  at  the  bottom  with  holes,  and  closed 
at  the  top  by  a  cellular  body  C,  perforated  by  passages  and 
having  the  purpose  of  preventing  backfiring  and  also  of 
producing  a  uniform  flame.  As  shown  in  Fig.  E,  the  nuzzle 
of  the  burner  is  forked,  in  order  to  allow  the  flame  to  play 
over  the  entire  width  of  the  oven.  The  burner  is  made  of 
heavy  steel  sheeting  and  welded  autogenously  so  as  to  leave 
no  spaces  which  are  not  gas  tight.  The  cellular  body  C  is 
made  of  nickel-steel  strips.  The  burner  is  supported  on  a 
wheel  truck  and  connected  with  the  gas  piping  by  metal  hose 
so  that  it  can  be  pushed  into  the  oven  when  the  fire  is 
started  and  taken  out  again.  The  question  whether  several 
smaller  or  one  large  gas  fired  oven  is  more  economical  is  as 
yet  undecided  and  experimental  data  are  lacking.  In  view 
of  the  easy  attendance  on  a  gas  fired  baking  oven  and  its 
simplicity,  however,  it  would  appear  that  a  larger  num- 
ber of  small  ovens  would  in  the  end  prove  more  economical 
for  large  outputs  than  one  large  one.  An  oven  of  which  the 
author  holds  a  liigh  opinion  has  been  siiown  at  the  Exhibi- 
tion. In  order  to  obtain  as  uniform  heating  in  the  entire 
oven  space  as  possible,  the  burner  is  built  in  along  the  three 
sides  of  the  oven  space;  viz.,  by  the  side  of  tlie  superimposed 
deck  plates  and  below  the  lowest  plates.  In  this  way  the 
properties  of  gas  heating  are  said  to  be  especially  well  util- 
ized and  the  heat  conducted  directly  where  it  is  most  use- 
ful. The  article  goes  into  some  detail  of  this  construction, 
but  does  not  illustrate  it. 

Pumps 

Oil  Driven  Engine-Pump  Aggregate  (Groupe  moto- 
pompefonctionnant  au  petrole,  Portefeuille  economique  des 
machines,  vol.  2,  series  C,  no.  702,  p.  81,  June  1914,  2  pp.,  2 
sheets  of  drawings,  d).  The  article  describes  a  direct-con- 
nected aggregate  of  a  motor  and  pump,  the  motor  being  a 
four  cylinder  shale-oil  engine,  130  mm  (5.1  in.)  bore  and 
160  mm  (6.2  in.)  stroke,  developing  at  1000  r.p.m.  about 
41  h.p.  The  motor  is  provided  with  an  Aster  carbureter 
heated  bj'  the  exhaust  gases,  and  high  tension  Bosch  magneto 
ignition.  For  special  reasons  it  was  desirable  to  have  the 
aggregate  occupy  as  little  space  as  possible.  As  however 
the  pump  ran  at  450  r.p.m.  a  reduction  of  speed  was  neces- 
sary, but  as  there  was  no  room  for  extending  the  motor 
shaft,  an  epiej'cloidal  transmission  was  resorted  to,  the  fly- 
wheel being  made  hollow.  The  pinion  clamped  on  the  shaft 
of  the  pump  has  in  its  turn  such  a  diameter  this  it  is  located 
exactly  betAveen  the  speed  reducer  and  the  interior  of  the 
rim  of  the  flywheel,  consequently  the  entire  apparatus  for 
the  reduction  of  the  speed  is  placed  inside  the  flywheel 
without  increasing  the  space  occupied  by  the  aggregate. 

Steam  Engineering 

Boiler  Plant  at  the  International  Exposition  of 
Printing  and  Graphic  Arts  at  Leipzig  in  1914  (Die 
Dampfkesselanlage  auf  der  Internationalen  Austellung  fiir 
Buchgewerbe  und  Grctphik,  Leipzig  1914,  A.   Adler,  Zeits. 


des  Bayerischen  Bevisions-Vereins,  vol.  18,  no.  14,  p.  1J5, 
July  31,  1914,  3  pp.,  20  figs.,  d.).  The  article  presents  a 
description  of  the  boiler  plant  of  the  power-house  at  the 
International  Exhibition  of  Printing  and  Graphic  Arts, 
Leipzig,  in  1914.  The  triple  flue  tubular  boiler  had  a  heat- 
ing area  of  425  qm.  (4574  sq.  ft.),  a  gage  pressure  of  14 
atmospheres  and  a  superheater  installed  in  the  flues  for  a 
steam  temperature  of  350  deg.  cent.  (662  deg.  fahr.).  One 
of  the  conditions  adopted  by  the  technical  board  of  the  ex- 
hibiton  was  that  the  boiler  should  use  exclusively  lignite 
briquettes,  which  had  to  be  taken  into  consideration  in  de- 
signing the  grate.  On  top  of  the  jacket  of  the  upper  header, 
there  is  a  steam  dome  of  800  mm.  (31.4  in.)  in  diameter  and 
800  mm.  (31.4  in.)  high.  In  it  are  placed  the  steam  stop 
valves,  a  double  safety  valve  and  a  reserve  pipe.  At  tlie 
base  of  the  dome  is  placed  a  manhole  for  the  inspection  of 
the  Ulterior  of  the  boiler.  In  addition  to  this,  on  the  upper 
header  is  located  an  attachment  for  a  signalling  apparatus 
and  a  water  level  regulator. 

The  steam  superheater  is  of  peculiar  interest;  it  is  ar- 
ranged in  such  a  manner  that  only  part  of  the  gases  devel- 
oped on  tile  grate  pass  tlirough  it.  The  regulating  valves 
are  placed  behind  the  sujierheater,  which  jjrotects  them  from 
<iverheating.  In  addition  to  that,  the  arrangement  of  the 
superheater  is  such  that  the  radiant  heat  stored  up  in  the 
brick  work  in  front  of  the  superlieater  is  utilized  in  the  lat- 
ter. The  steam  enters  into  rolled  seamless  superheater  cham- 
bers which  enclose  the  superheater  tubes;  it  flows  through 
the  superheater  in  countercurrent  to  the  entering  heat  gases 
and  from  the  lower  collecting  chamber  passes  into  the  at- 
tached piping  back  to  tlie  triple  valve,  whence  the  super- 
heated steam  is  led  to  where  it  is  wanted.  The  employment 
of  the  triple  valve  permits,  by  a  simple  adjustment  of  the 
steam  stop  spindle,  the  use  of  saturated  steam,  superheated 
steam  or  a  mixture  of  both.  The  adjustment  of  this  valve 
can  be  made  from  the  boiler  room  floor.  Since  the  triple 
valves  do  not  permit  of  seeing  simply  from  the  position  of 
the  hand  wheel  what  kind  of  steam  is  used  and  which  of  the 
steam  connections  are  open  or  closed,  the  German  Associa- 
tion of  Boiler  Inspection  Societies  insists  on  a  second  stop 
valve  being  placed  between  the  boiler  and  the  triple  valve. 
The  rest  of  the  article  describes  and  illustrates  the  installa- 
tion in  detail. 

Measurement  of  Water  Temperature  During  Firing- 
Up  of  Tubular  Boilers  with  Withdrawable  Firetubes 
{Messimg  der  Wassertemperatur  wahrend  des  Anheizens  von 
ausziehbaren  Bolirenkesseln,  H.  Winkelmann,  Zeits.  fiir 
Vampfkessel  und  Maschiiienhetrieb ,  vol.  37,  no.  39,  p.  443, 
September  25,  1914,  2  pp.,  p.).  The  article  describes  the 
methods  of  regulating  the  temperature  of  water  during  the 
firing-up  of  tubular  boilers  with  withdrawable  smoke  tubes. 
In  tubular  boilers,  leaks  in  the  seams  start  quite  often  dur- 
ing the  firing-up  process,  and  even  the  lower  rows  of  tubes 
seem  to  be  affected  in  the  same  way.  As  a  rule,  this  kind  of 
leak  appears  the  more  frequently,  the  cooler  the  season,  the 
colder  the  feed  water  and  the  more  rapidly  the  firing-up  pro- 
cess is  carried  on.  It  may  be  ascribed  therefore  to  the  con- 
siderable stresses  created  in  the  boiler  sheets  by  the  tempera- 
ture difference  between  the  various  boiler  parts  and  the  water 
in  the  boiler  during  the  firing-up  period,  and  to  the  fact 
that  with  the  usual  boiler  construction,  there  is  not  a  suffi- 
cient circulation  of  water.  It  has  been  attempted  many 
times  therefore  to  apply  special  devices  for  speeding-up  the 
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water  circulation  and  equalizing  as  far  as  possible  tlie  heat- 
ing of  the  water  in  the  \arious  parts  of  the  boiler.  This 
appears  of  the  gi-eater  importance,  in  view  of  the  fact  that 
(juite  a  large  number  of  boiler  accidents  were  recently 
ascribed  to  the  incorrect  heating  of  tiie  lower  parts  of  the 
boiler  with  witlidrawal  tubes.  It  bas  happened  repeatedly 
that  blow-off  tubes  ha\e  been  lorn  off  and  fire  tubes  have 
developed  leaks  through  which  boiler  attendants  have  been 
eitiier  injured  or  placed  in  danger  of  injury. 

The  e.xperiments  described  in  this  article  ha\e  been  made 
with  a  purpose  of  seeing  to  what  amount  the  devices  for 
producing  rapid  equalization  in  the  heating  up  of  tlie  water 
are  defective.  Tests  were  made  on  three  locomobiles  of  com- 
mercial types  and  various  sizes,  all  with  withdrawal  tubes. 
In  the  first  test,  the  heating  up  was  made  in  a  normal  man- 
ner without  the  use  of  any  heat  equalizing  device.  In  the 
second  case,  the  heating  up  was  carried  at  as  rapid  rate  as 
possible  with  tlie  help  of  an  exceptionally  experienced  fire- 
man, but  no  equalizing  devices  were  used.  Finally  in  the 
tliird  test,  both  heat  equalizing  devices  and  exceptionally 
rapid  firing  up  were  used  together  or  singly.  The  equaliz- 
ing devices  used  were  a  special  type  of  injector  which  sucked 
in  water  and  delivered  it  through  a  3-way  pipe  of  which 
the  three  branches  weie  in  tlie  lowest  part  of  the  boiler — one 
ill  front,  another  in  the  middle  and  the  third  in  the  rear  of 
the  boiler.  The  second  equalizing  device  was  a  Howald 
temperature  equalizer,  which  has  a  sei"pentine  of  special  con- 
struction. Complete  data  of  tests  are  given  in  a  table  in 
the  article. 

It  appears  that  the  heat  equalization  produced  by  means 
of  the  injector  is  superior  to  that  produced  by  a  serpentine, 
but  the  latter  has  the  advantage  of  working  automatically 
and  does  not  have  to  be  under  constant  supei-vision,  contrary 
to  the  case  when  the  injector  is  used.  Both  devices  begin  to 
act  only  after  the  steam  begins  to  be  generated  and  up  to 
that  instant,  in  both  ca.ses,  the  boiler  remains  subjected  to 
the  great  stresses  produced  by  temperature  differences.  The 
instructions  generally  given  by  the  manufacturers  of  tubular 
boilers  with  withdrawable  tubes,  to  the  effect  that  during  fir- 
ing up  a  part  of  the  boiler,  water  should  be  let  out  by  the 
blow-off  cocks,  is  at  best  onlj'  an  emergency  measure.  The  best 
method  of  protecting  the  boiler,  which  unfortunately,  how- 
ever, can  be  appHed  only  in  a  limited  number  of  cases,  is 
when  starting  it  up  to  fill  it  with  water  previously  heated  to 
212  deg.  fahr.  It  appears  also  that  the  device  proposed  by 
Altmayer  for  use  on  modern  boilers  and  locomobiles  ma\ 
be  applied  for  improving  water  circulation  also  in  tubular 
boilers.  Although  it  does  not  begin  to  operate  right  from  the 
start  of  the  firing-up  process,  it  acts  at  an  earlier  perioil 
than  the  serpentine  device.  The  author  comes  to  the  gen- 
eral conclusion  that  the  manufacturers  of  tubular  boilers 
ought  to  pay  more  attention  to  making  their  product  safer 
in  operation  and  more  economical. 

Large,  Straight  Flow  Steaji  Encines  in  Metallur- 
gical Plants  (Grosse  Gleichstromdampfmaschinen  fiir 
Hiittenwerke  Schomberg,  Zeita.  fiir  Dampfkessel  und 
Maschinenbetrieb,  vol.  37,  no.  35,  p.  411,  August  28,  1914,  2 
pp.,  p.).  The  article  discusses  the  application  of  large, 
straight  flow  steam  engines  in  metallurgical  plants.  The 
great  advantages  of  this  type  lie  in  its  reliability,  simple  at- 
tendance, low  steam  consumption,  limited  floor  space  require- 
ments,  ability    to   carry   large   overloads   and    exact  regula- 


tion, unlike,  in  the  latter  regard,  compound  engines.  During 
the  last  few  years  tliey  have  been  rapidly  introduced  for 
direct  drive  on  rolling  mills,  in  particular  for  three-high 
rolls  where,  notwithstanding  a  large  variation  in  output,  a 
constant  speed  of  rotation  is  necessary.  A  compound  en- 
gine with  a  large,  low  pressure  cylinder  and  a  complicated 
method  of  control,  would  satisfy  this  requirement  only  at 
the  cost  of  a  large  expenditure  in  power,  and  even  then  no 
reliance  could  be  placed  on  it.  The  flywheel,  even  though  of 
very  generous  dimensions  and  run  at  the  peripheral  speed  up 
to  35  m.  (114.8  ft.)  per  second,  would  not  fuUy  equalize  tne 
varying  load,  and  in  addition  to  that,  the  overload  capacity 
of  a  compound  engine  is  quite  limited. 

Table  I  gives  some  data  about  the  larger  works  where 
roUing  mill  drives  by  straight  flow  engines  has  been  intro- 
duced. In  the  case  of  some  of  these  engines,  very  high  pis- 
ton velocities  appear  to  be  used  (up  to  5.5  m.  (18  ft.)  per 
second)  without  any  damage  to  the  installation  and  without 
uiifa\orably  affecting  the  operation  of  the  machinery.  Tan- 
dem engines  of  similar  dimensions  would  not  permit  this 
being  done.  The  initial  cost  of  the  engine  is  said  to  be 
on  an  average  of  from  20  to  30  per  cent  lower  than  that  of 
tiie  tandem  engines  of  equal  size  and  equipment.  To  this 
must  be  added  the  saving  in  cost  of  foundation— about  10 
per  cent.  The  cost  of  operation  is  said  to  be  very  low,  the 
average  consumption  of  steam,  in  the  case  of  engines  rated 
at  about  1500  h.p.,  at  10  atmospheres  pressure  and  250  deg. 
cent.  (482  deg.  fahr.)  temperature,  vacuum  of  88  to  90  per 
cent  and  90  per  cent  mechanical  efficiency  of  machinery, 
may  be  counted  on  at  5.8  to  6  kg.  (12.8  to  13.2  lb.)  of  steam 
per  effective  h.p.li.  in  the  case  of  normally  working  rolls,  or 
including  condensation  and  losses  in  the  condenser.  6.5  kg. 
(14.3  lb.)  at  the  shaft  of  the  rolling  mill.  Since  good  tan- 
(iem  engines  in  continuous  operation  have  shown  a  steam 
consumption  of  8.9  kg.,  the  saving  in  steam  appears  to  be 
;i round  25  per  cent.  In  addition  to  that  must  be  considered 
the  economy  in  lubricating  materials  due  to  the  absence  of 
one  cylinder  and  its  valve  gear. 

Of  particular  interest  are  the  extra  large  engines  marked 
as  9  and  10  in  the  table.  No.  9  ha-s  been  put  in  to  take  the 
place  of  a  tandem  engine,  which  used  to  drive  a  beam  and 
rail  rolling  mill  at  a  consumption  of  10  kg.  (22  lb.)  of  steam. 
Although  the  plant  has  at  its  disposal  a  cheap  source  of  elec- 
trical enei'gy,  it  has  been  decided  to  drive  the  rolls  by  steam 
and  not  by  electric  motor.  The  engine  works  with  steam 
pressure  of  7  to  8  atmospheres,  which  it  is  proposed  to  in- 
crease to  12  atmospheres.  Extensive  tests  of  steam  consump- 
tion have  after  a  considerable  period  of  operation  shown  the 
consumption  without  condenser  losses  to  be  5.3  kg.  (ll.fi  lb.) 
per  indicated  h.p.h.  at  a  load  of  about  3000  iLp..  with  7 
atmospheres  pressure,  300  deg.  cent,  superheat  and  9  per 
cent  vacuum.  Tlie  engine  marked  .it  No.  10  is  used  on  a 
modern  high  efficiency  rolling  mill. 

Experiences  in  Electric  and  Autogenous  Welding  op 
Steaji  Boilers  {Erfahrungcn  ilbcr  elektrische  und  Atito- 
getischweissimgen  an  Dampfkesseln.  Zeiisclt.  fiir  Dampf- 
kessel und  Maschinenbetrieb ,  vol.  37.  no.  25,  p.  303,  June  19, 
1914,  2  pp.  cp).  Tlie  article  is  a  report  of  papers  read  at 
the  43rd  meeting  of  delegates  and  engineers  of  the  Inter- 
national Association  of  Boiler  Inspection  Societies  by  Miin- 
ster  and  Eggers,  on  the  subject  of  experiences  in  electric 
and  autogenous  welding  of  boilers.     Experience  has  gener- 


FOREIGN     REVIEW 


0213 


ally  shown  that  autogenous  and  electric  welding  are  ap- 
proximately of  equal  value,  although  it  may  be  stated  that 
electric  welding  is  somewhat  preferable  on  account  of  more 
limited  local  heating  of  the  material.  Both  processes  are 
being  introduced  in  the  construction  of  boilers  and  so  far 
have  been  used  only  in  the  case  of  small  vertical  boilers, 
mostly  fire-tube  type  in  which  the  fire  tubes  and  partly  the 
bottoms  are  welded  in.  It  appears  further  that  both  kinds 
of  welding  are  justified  on  parts  subject  only  to  compres- 
sion stresses  and  only  quite  small  and  temporary  tension 
stresses.  The  welds  must  be  executed  only  by  fully  reliable 
concerns  and  no  hammering  on  the  welded  seam,  when  blue 
heat  has  been  applied,  should  be  allowed.  Mr.  Eggers  stated 
that  in  Germany  electric  welding  on  steam  boilers,  steam  con- 

TABLE  1     D.\TA  OF  LARGE  STRAIGHT-FLOW  ENGINES  IN  METAL- 
LURGICAL PLANTS 


No. 

Name  of  Plant 

Kind  of  MUI 

R.p.m. 

H.P. 

Dimensions 

1 

Burbach 

small     section 
rolling  mill 

90  to  130 

700  to  1000 

43  in.  stroke 

2 

Ph.  Weber. 

sheet     rolling 

60  to    70 

800  to  1000 

rebuilt  from 

• 

Hostenbach 

mill 

tandem     en- 
gine.   49    in. 
stroke 

3 

Rombach 

structural  iron 
rolUng  mill 

90  to  120 

1600  to  2200 

41  in.  bore,  51 
stroke 

4 

Siegen     Iron 
Works 

middle  roll 

60  to  100 

1900  to  1200 

43  in.  stroke 

5 

Dusseldorf 
Iron       and 
Wire  Co. 

small     section 
and       wire 
mill 

90  to  100 

800  to  1150 

43  in.  stroke 

6 

Dusseldorf 
Iron      and 
Wire  Co. 

wire  mill 

100  to  no 

1500  to  1900 

51  in.   stroke 

7 

Hahn  Works. 

universal  roll- 

85 

1600  to  2200 

rebuilt.    51    in. 

Grosaenbaum 

ing  mill 

stroke 

8 

Konigin-Mah- 
enhiitte. 
Saxony 

small     section 
rolUng  mill 

SO  to  100 

1000  to  1300 

47  in.  stroke 

9 

Rochling  Steel 

beams       and 

110 

4000  to  6200 

66.9    in.    bore, 

Works 

rails,  28  in. 
diameter 

55  in.  stroke, 
8     atmos- 
pheres 

10 

Westfalian 
Steel  Works, 
Aplerbeck 

wire  mill 

100 

3000  to  4500 

57  in.  bore,  59 
in.  stroke, 
12    atmos- 
pheres 

11 

Bros.  Stumm. 

structural  iron 

SO  to  120 

2400  to  3200 

37.4    in.    bore, 

Neunkirchen 

rolling  mill 

, 

51  in.  stroke, 
9   to    10   at- 
mospheres 

tainers  and  general  steam  ajjparatus  mider  stresses  is  com- 
paratively little  used  as  compared  with  welding  by  the 
acetylene-oxygen  flame,  but  has  been  widely  introduced  in 
Russia  and  found  its  way  to  Western  Europe  from  there. 
In  repairs  on  steam  boilers  acetylene  welding  is  still  widely 
used,  but  many  of  the  steam  inspection  societies  in  Germany 
are  gradually  coming  to  the  use  of  electric  welding. 

Strength  of  Materials  and  Materials  of  Construction 

Notch  Action  in  Machine  Parts  and  Boiler  Sheets 
{Die  Kerbwirkung  bei  Maschinenteilen  mid  Dampfkessel- 
blechen,  Zeits.  des  Baijerischen  Bevisions-Vereins,  vol.  18, 
nos.  15  and  16,  pp.  150  and  157.  August  15,  and  31,  1914. 
4  pp.,  9  figs.,  tp.).  The  article  discusses  the  influence  of  the 
presence  of  notches  on  the  strength  of  machine  parts  and 
boiler  sheets.  In  a  paper  On  the  Influence  of  Notches  on 
the  Strength  of  Macliine  Parts,  presented  some  time  ago 
by   Professor   Heyn,   of   the   Royal    Testing   Laboratory    in 


(irusshchter  tVlcIc,   he   expresses   the    luiidaiueiital  law   ol  the 
action  of  notclies  in  the  i'ollowing  way : 

■'  Notches  act  as  local  [jowerful  intensification  of  stresses." 
Some  time  previously.  Doctor  of  Engineering  Preuss  ex- 
tended the  same  view  to  the  case  of  the  metal  surrounding 
holes  and  notches  in  boiler  plates  and  has  shown  in  par- 
ticular the  obnoxious  influence  of  hand  punching  or  caulk- 
ing. The  harm  done  to  boiler  plates  in  the  pi'ocess  of  knock- 
ing oft'  scale  belongs  to  the  same  class,  since  indentations 
made  on  the  plate  by  sharp  instruments  are  nothing  but 
notches  and  have  all  the  harmful  consequences  of  them  as 
regards  the  distribution  of  stresses  in  the  plate.  Professor 
von  Bach  has  repeatedly  called  attention  to  the  fact  that 
cracks  in  boiler  sheets  can  be  ascribed  to  indentations  orig- 
inally produced  in  knocking  off  boiler  scale.  Further,  when 
the  boiler  sheets  are  cut,  the  action  of  the  shears  produces 
cracks  which  lead  to  injuries  of  the  plate.  It  is  always  ad- 
visable, therefore,  to  remove  the  sharp  edge  of  the  cut  plate. 
Professor  R.  Baumann  has  also  called  attention  to  the  ten- 
dency of  small  cracks  to  extend  tlirough  wrought  iron,  while 
Professor  Heyn,  in  the  above  referred  to  paper,  expresses 
the  opinion  that  mider  certain  circumstances,  apparently 
quite  negligible  notches  may  materially  reduce  the  ability  of 
the  plate  to  withstand  repeated  stresses.  Even  indentations 
as  small  as  those  produced  by  the  marking  tools  as  well  as 
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Flu.    4       DiSTKlBUTION    OF    STRESSES    IN    .^.    Cr.\NK 

quite  unnoticeable  blow-holes  may  lead  to  the  development  of 
dangerous  notching  action. 

The  article  goes  into  particulars  as  to  the  ruptures  devel- 
oped in  machine  parts  due  to  the  initial  presence  of  notches, 
and  shoW'S  that  slots  for  cotter  for  fastening  the  piston 
rod  to  the  cross-heads,  often  become  the  starting  points  for 
rujatures,  owing  to  the  notch  action.  The  distribution  of 
stresses  along  the  edges  of  the  slots  is  just  as  little  favorable 
as  that  along  the  circular  edges  of  a  hole  in  a  plate.  Among 
other  things.  Professor  Heyn  refers  to  the  extremely  illumi- 
nating experience  of  Hoenigsberger,  who  found  that  m  the 
case  of  a  crank,  the  neutral  fibre,  free  of  stresses,  runs  some- 
what like  a  curve  (Pig.  4)  passing  very  close  to  the  inner 
angles  K  on  all  sides.  Professor  Heyn  states  in  this  con- 
nection that  the  maximum  stress  will  be  found  at  the  edges 
K,  and  it  was  actually  found  that  the  neutral  fibre  passes 
close  to  these  edges.  Therefore,  the  edges  of  the  notches  in 
these  parts  enter  to  a  certain  extent  into  the  neutral  fibre 
and  the  result  is  that  the  stresses  producing  equalization  of 
the  moment  of  torsion  are  applied  with  a  short  lever  arm; 
they  are  materially  larger  than  those  which  are  connected 
with  the  long  lever  arm  at  a  considerable  distance  from 
these  angles  and  experience  has  actually  shown  that  these 
angles  represent  the  most  endangered  part  of  the  crank,  and 
that  in  the  majority  of  cases  rupture  occurs  in  exactly  that 
location. 

The  above  considerations  lead  the  author  to  emphasize  the 
uecessitv  of  the  notch  shock  test  for  the  determination  of 
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strength  oi'  materials  and  proper  construction  of  notching 
parts. 

Alteration  of  Shape  Taking  Place  in  Upsetting  of 
IIetal  Cylinders  (Der  Umformungsvorgang  beim  Stauchen 
von  MetalliyUndern,  L.  Weiss,  Zeils.  des  Vereines  deutscher 
Ingenieure,  vol.  58,  no.  36,  p.  1370,  September  8,  1914,  2  pp., 
6  figs.,  e.).  The  present  article  contains  illustrations  and 
some  new  data  concerning  the  processes  taking  place  dur- 
ing the  upsetting  of  cylindrical  metal  bodies.  If  a  copper 
cylinder  is  upset  under  a  hammer,  there  takes  place  a  cer- 
tain reduction  of  the  height  of  the  cylinder,  and  there  ap- 
pears at  the  terminal  surfaces  of  the  cylinder  a  circular 
area  concentric  to  the  edges.  During  further  upsetting,  the 
ring  surlace  between  the  core  circular  surfaces  and  the  edge 
gradually  increases.  In  the  case  of  cop])or  this  phenomenon 
does  not  appear  in  a  clear  manner,  but  with  copper-man- 
ganese alloy  containing  approximately  G  per  cent  man- 
ganese, the  internal  circular  surface  comes  out  with  such  a 
sharp  difference  from  the  ring  surface  at  the  edge  that  the 
firet  impression  is  that  the  two  are  of  different  metals.  In 
Fig.  5A,  the  external  diameter  B  and  the  diameter  of  the 
core  surface  D^,  as  they  vary  with  the  decrease  of  height  of 
the  cylinder,  are  shown  by  respective  lines  for  a  copper  cyl- 
inder, 27  mm.  (1.06  in.)  in  diameter  and  54  mm.  high  (2.12 
in.).  In  Fig.  B  are  shown  similar  results  obtained  in  the 
case  of  a  copper-manganese  cylmder  24.5  mm.  (0.96  in.)  in 
diameter  and  49  mm.  (1.92  in.)  high. 

To  explain  this  striking  phenomenon,  a  metallographie  test 
was  made.  The  polishing  of  the  two  terminal  surfaces  and 
their  ndcroscopic  investigation  has  not  given  any  appre- 
ciable results.  The  author  found,  however,  that  the  dis- 
placement of  the  crystals  in  the  metal  was  noticeable  if  a 
longitudinal  cut  of  the  metal  was  taken  since  it  was  found,  as 
shown  in  Fig.  C,  for  example,  that  the  lines  of  flow  of  metal 
were  generally  parallel  to  the  longitudinal  axis  of  the  cyl- 
inder, but  that  they  made  a  sharp  break  at  the  edges  and 
continue  to  run  horizontally.  The  line  of  demarkation  of 
the  core  surface  occurs  at  the  point  of  change  of  direction 
or  just  where  the  line  of  flow  passes  into  the  horizontal.  In 
Fig.  C  these  points  are  shown  at  the  lower  edge,  in  little 
circles;  at  the  upper  edge  of  the  cylinder  the  little  white 
lines  indicate  the  original  diameter  of  the  cylinder. 
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liullclin,  no.  91,  October  1014,  New  York  City 
The  Safety  Movement  in  the  Lake  Superior  Iron  Region, 

E.  Iliggins 
An  Aerial  Tramway  for  Mining  Cliff  Coal,  A.  E.  Gibson 
A  New  Safety  Detonating  Fuse,  H.  Souder 
Gasoline  Locomotives  in  Relation  to  the  Health  of  Miners, 

0.  P.  Hood 
A  Test  of  Centrifugal  Motor  Driven  Pumps,  S.  S.  Rumsey 

and  W.  F.  Schwedes  (abstracted) 
A  Test  of  Centrifugal  Motor-Driven  Pumps,  S.  S.  Rum- 
sey and  W.  F.  Schwedes  (22  pp.,  14  figs.,  e.).  The  paper 
presents  data  of  a  test  of  centrifugal  motor  driven  pumps 
made  at  the  Chapin  Mine  of  the  Oliver  Iron  Mining  Co., 
where  pumps  are  driven  with  electricity  generated  by  water 
power.  The  article  describes  the  general  arrangement  of  the 
pumps,  piping  and  electric  control.  The  pumps  were  two 
3-stage   pumps  working  at   an   estimated   d>Tiamic   head   of 


412  ft.  against  which  they  will  have  to  operate  when  draw- 
ing 3000  gal.  of  water  per  minute,  and  two  6-stage  pumps 
operating  at  the  same  capacity  against  an  estimated  dynamic 
head  of  1000  ft.  The  pumps  are  of  the  multi-stage  turbine 
type  built  in  units  of  3  stages  each.  The  two  single  pumps 
each  consist  of  one  unit  of  3-stages  mounted  on  a  common 
cast-iron  bed  plate  with  a  450  h.p.  1200  r.p.m.  induction 
motor  direct  connected  through  a  flexible  coupling.  The 
dou))le  i)umi)s  each  consist  of  two  3-stage  units  driven  by  a 
similar  induction  motor  of  1050  h.p.  The  motors  are  3- 
phase,  60  cycle  2200  volt  wound-secondary  induction  motors. 
The  article  describes  the  method  of  taking  the  tests  which 
does  not  materially  differ  from  the  usual  practice,  and  gives 
complete  data  of  the  tests  in  the  form  of  tables  and  curves. 
The  purpose  of  the  test  was  to  determine  for  each  pump 
with  its  motor,  the  head-capacity  curves  of  pumps;  over-all 
elTieiency,  wire  to  water,  degree  with  wliich  builders'  guar- 
antees were  met,  and  the  mechanical  operation  of  the  pumps 
and  motors  for  vibration,  thrust,  heating  and  noise.  As  re- 
gards the  wire  to  water  efficiency  at  3000  gal.,  the  maximum 
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Fig.  5     Upsetting  of  a  Metal  Cvlinder 

obtained  was  75  per  cent.  The  pump  bearings  and  oil  for 
thrusts  were  water  cooled,  but  no  water  was  passed  through 
the  coils  during  the  tests.  The  pumps  ran  very  quietly  on 
all  loads  and  the  3-stage  pumps  with  little  vibration.  In  the 
6-stage  pumps  some  vibration  occurred  on  account  of  the 
difficulty  in  holding  the  alignment  of  the  long  cast  iron 
pieces  on  the  steel  flue  plates.  Absolute  alignment  of  these 
pumps  is  of  prime  importance  and  their  successful  operation 
will  depend  more  upon  this  than  any  other  one  factor. 
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Proceedings,  vol.  30,  no.  5,  June  1914.     Pittsburg. 
Discussion    on    Measurement    of   the    Velocity   of    Flowing 
Water  (by  Lewis  F.  Moody)  and  Pitot  tube  Formulas 
— Facts  and  Fallacies  (by  Benjamin  Feland  Groat) 
Air  in  Jet  Condensers,  C.  L.  W.  Trinks 

Discussion  on  Measurement  of  the  Velocity  of  Flow- 
ing Water  (by  Lewis  F.  Moody)  and  Pitot  Tube 
Formulas — Facts  and  Fallacies  (by  Benjamin  Feland 
Groat)  (90  pp.,  22  lis.,  gpt.).  For  abstract  of  the 
original  article,  see  The  Journal,  October,  1914.  p. 
201.      Prof.    Gardner    S.    Williams    told    about    his    experi- 
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ments  with  the  Pitot  tvibe.  He  had  occ<asion  to  rate  the  same 
instruments  in  still  water  by  dragging  one  attached  to  a  ear 
and  also  to  test  them  in  running  water  where  the  water  pass- 
ing the  instrument  was  determined  by  measurement,  and  he 
has  never  been  able  to  get  the  two  ratings  to  agree.  His 
opinion,  therefore,  is  that  in  still  water,  the  stationary  Pitot 
tube  does  not  get  a  rating  that  it  would  get  by  running  past 
a  measured  quantity  of  water.  Neither  does  he  believe  in 
the  precision  of  current  meter  measurements.  He  had  occa- 
sion to  have  a  Haskell  meter  rating  made  in  turbulent 
water.  A  quantity  of  water  passing  down  the  experimental 
canal  at  Cornell  University  was  measured  over  a  weir  and 
then  measured  by  a  current  meter  in  the  hands  of  Professors 
Schoder  and  Turner,  of  the  instructing  staff  of  the  Univer- 
sity. Professor  Turner  had  been  in  the  employ  of  the  United 
States  Lake  Survey  and  had  participated  in  the  stream 
gaging  work  on  the  St.  Mary's  River,  according  to  the  prac- 
tice of  the  United  States  Lake  Survey,  which  represents 
about  the  highest  type  of  current  meter  work  that  has  ever 
been  produced.  He  testified  under  oath  that  the  methods  at 
Cornell  were  in  entire  harmony  with  those  of  the  United 
States  Lake  Survey,  and  were  of  equal  accuracy  as  far  as 
manipulations  were  concerned.  Nine  gagings  were  .made  and 
the  results  showed  that  in  the  turbulent  water  which  existed 
in  the  canal,  although  no  more  turbulent  than  is  encountered 
frequently  at  gaging  stations  in  a  stream,  the  Haskell  meter 
under-registered  in  the  extreme  ease  something  over  9  per 
cent  and  in  all  eases  over  3  per  cent. 

Bernoulli's  theorem  claims  that  the  sum  of  the  three 
heads  must  be  constant  in  any  stream  line  if  friction  be 
neglected.  In  experiments  made  by  the  author  at  Cornell 
University,  he  found  that  the  pressure  at  the  center  of  the 
pipe  is  less  than  at  its  wall.  He  took  an  instrument  con- 
sisting of  a  flat  plate  having  an  orifice  connected  with  a 
small  tube  and  startmg  at  the  wall,  he  moved  this  plate 
across  the  stream,  keeping  it  always  parallel  to  the  axis  of 
the  pipe.  He  found  that  at  the  wall,  the  pressures  trans- 
mitted to  the  orifices  coincided  almost  exactly  with  those 
indicated  on  the  perforations  in  the  periphery  of  the  pipe  in 
the  same  plane.  As  the  orifices  passed  out  to  the  center,  the 
pressure  appeared  appreciably  less. 

Edward  S.  Cole  told  of  his  experiments  made  in  the  nine- 
ties and  later,  with  the  object  of  producing  a  practicable  in- 
strument for  use  in  gaging  the  flow  of  water  in  the  street 
mains  of  Terre  Haute.  It  was  found  that  there  was  a  decided 
advantage  in  the  use  of  the  duplicate  orifice,  one  bent  up- 
stream and  the  other  downstream.  A  photo-recorder  has 
been  developed  which  has  made  the  instrument  more  com- 
plete and  efficient.  The  combined  apparatus  was  given  the 
name  of  Pitometer. 

N.  C.  Grover  of  the  United  States  Geological  Survey  dis- 
cussed the  general  subject  of  measuring  the  velocities  of 
water  as  actually  done  in  the  work  of  the  Geological  Survey. 
The  stream  gaging  work  of  the  Geological  Survey  has  been 
conducted  with  a  much  higher  degree  of  accuracy  than  would 
be  warranted  by  the  probable  use  of  the  resulting  data.  The 
work  of  the  surveying  engineer  is  very  divei-sified  and  often 
done  under  difficult  conditions,  but  is  almost  always  required 
to  give  dependable  results.  The  instrumental  equipment  for 
such  work  therefore  must  be  simple,  light  and  universally 
adaptable.  The  Fteley  meter  is  perhaps  the  most  accurate 
of  current  meters  within  the  limits  of  its  particular  use.  The 
Haskell  meter  is  recognized  as  one  of  the  best  for  work  on 


large  rivers.  The  Price  meter  is  not  very  accurate  when 
used  in  turbulent  water,  but  under  conditions  that  cause  a 
vertical  motion  of  the  meter,  or  when  used  under  proper 
conditions,  it  will  give  results  within  reasonable  limits  of 
accuracy.  The  Survey,  several  years  ago,  employed  an  ex- 
pert mechanician  in  an  unsuccessful  attempt  to  convert  the 
screw  type  of  current  meter  into  a  form  for  universal  use, 
but  later  had  to  abandon  it  owing  to  the  lack  of  available 
funds. 

William  Kent  stated  that  he  has  used  a  Pitot  tube  as  a 
check  upon  other  methods  of  measuring  the  discharge  of  a 
pump  at  high  pressure,  and  found  its  readings  to  give  meas- 
urements which  agree  within  one  per  cent  of  those  obtained 
by  a  calibrated  nozzle  and  pressure  gage  and  those  obtained 
by  a  weir,  using  the  Francis  formula. 

Professor  Charles  M.  Allen  stated  that  he  had  made  sev- 
eral hundred  experiments  with  Pitot  tubes  of  various  types 
to  determine  the  coefficients  of  the  instruments  for  still  water 
and  moving  water  ratings.  It  was  found  that  the  ratings 
were  constant,  but  in  all  cases  the  coefficients  varied  with  the 
velocity.  In  still  water  in  every  case,  they  were  higher  than 
in  moving  water  readings  to  the  extent  of  from  3  to  5  per 
cent.  Pitot  tubes  should  be  rated  in  moving  water  at  the 
same  velocities  at  which  they  are  to  be  used. 

Morris  Knowles  related  some  of  the  early  history  of  the 
veloeity-of-water  measurements.  In  experiments  conducted 
upon  jets  issuing  from  standard  orifices,  it  was  \ery  evident 
that  a  marked  retardation  of  velocity  in  the  jet  occurred 
about  the  outer  edge.  If  Bernoulli's  theorem  were  applied 
to  two  points,  one  at  the  center  of  the  jet  and  the  other  at 
the  outer  edge  in  the  same  plane,  the  decrease  of  the  velocity 
head  at  the  outer  edge  would  necessitate  an  increase  in  the 
pressure  head  to  balance  the  greater  velocity  head  at  the  cen- 
ter, but  if  the  outer  edge  of  the  jet  were  under  greater  pres- 
sure than  the  center,  this  pressure  would  cause  the  jet  to  lose 
its  form,  which  appears  to  show  that  the  Bernoulli  tlieorem 
is  not  applicable  to  two  such  points. 

A.  H.  Brown  and  F.  Nagler  have  given  a  preliminary  re- 
port of  experimental  work  performed  with  a  view  of  deter- 
mining the  possible  causes  of  the  over-registering  of  the  cup 
type  of  current  meter.  It  fully  describes  the  method  of  tests 
and  shows  the  arrangement  of  apparatus  for  testing  current 
meters.  It  was  found  that  if  the  meter  be  placed  at  a  slight 
angle  either  above  or  below  a  horizontal,  that  the  revolutions 
increased  very  materially.  At  90  deg.  positions  above  or 
below  horizontal,  it  showed  contrary  to  expectations,  ap- 
proximately one-half  the  number  of  revolutions  that  it  reg- 
istered in  its  normal  presentation  to  the  flow  and  in  the 
same  direction.  The  curve  shown  in  Fig.  6  indicates  also 
the  shifting  of  the  whole  curve  occasioned  by  the  difficulty 
experienced  in  fixing  the  normal  position.  Under  constant 
velocity  of  water,  this  particular  meter  will  over-register  as 
high  as  25  per  cent  when  placed  at  an  angle  to  the  normal 
direction  of  flow  vertically.  This  effect,  however,  is  slight 
np  to  the  45  deg.  limit  and  is  merely  to  reduce  the  num- 
ber of  revolutions,  the  reduction  increasing  with  the  angle. 

On  the  curve  of  Fig.  A,  the  circle  A  is  drawn  to  show 
the  theoretical  performance  of  the  cup  type  of  meter  when 
placed  at  various  horizontal  angles.  Under  such  conditions, 
neglecting  the  effect  of  the  frame,  it  may  be  assumed  that  a 
constant  velocity  will  be  registered  regardless  of  the  an- 
gularity of  the  meter.  This  circle  also  shows  the  perform- 
ance of  any  type  of  meter  so  supported  that  it  is  free  to 
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swing  in  any  direclioii.  The  ciri-le  E,  drawn  in  on  one-half 
tlie  diametei-  of  A  indicates,  by  the  length  of  the  various  vec- 
tors intercepted,  the  true  components  of  velocity  and  repre- 
sents tlie  ideal  meter  perfonnance.  The  dotted  curve  C  is 
plotted  on  tlic  actual  test  readings  of  the  meter  under  test 
and  indicates  along  the  25  and  35  deg.  lines  the  approximate 
maximum  error.  Tiiese  lines  lie  at  an  average  angle  of  30 
deg.  with  the  horizontal,  which  corresponds  to  the  (iO  deg. 
angle  (approximate)  of  the  bucket  itself.  This  double  curve 
C  is  plotted  in  on  the  basis  of  percentage  of  curve  A.  The 
error  woulil  be  greatly  emphasized  if  it  were  plotted  in  on 


giving  resultant  components  of  velocity  when  subjected  to 
liow  tliat  was  distributed  uniformly  in  all  directions,  but 
preponderance  of  angularity  in  any  one  direction,  either 
horizontally  or  vertically,  caused  over-registering  or  under- 
registering.  In  turbine  work  where  the  measuring  section 
is  selected  upstream  from  the  turbine  ailjacent  to  the  en- 
trance of  the  channel,  the  meter  is  apt  to  over-register. 

The  general  conclusions  of  the  speakers  are  that  even  the 
l)est  cup  type  of  meter  should  preferably  be  used  swinging 
and  never  rigidly  supported  unless  it  is  known  that  dis- 
turbances are  uniformly  distiibuted  in  all  directions,  a  thing 
which  can  liardly  be  accomplished  in  practical  work.  The 
ideal  meter  is  one  which  being  rigidly  supported  in  disturbed 
water,  will  register  only  two  components  of  velocity  when 
subject  to  flow  from  any  direction.  Tliis  means  that  it  must 
have  identical,  vertical  and  horizontal  characteristic  curves 
and  to  do  this,  the  axis  of  rotation  must  coincide  with  the 
normal  direction  of  flow  which  at  once  limits  the  choice  to 
tlie  screw  type  of  meter,  the  design  of  the  head  of  which 
shall  be  such  as  to  give  the  desired  true  components. 

Herman  Baeharaeh  told  of  his  experiments  in  recording 
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tlic  ba.-is  (if  circle  B,  \xhich  shows  tlie  true  resolved  com- 
l>i)iunits  desired. 

Tiic  Pitot  tube  readings  are  shown  along  curve  B,  which  is 
:;is()  plotted  in  percentage  of  A.  The  curve  D  is  replotted 
ill  percentage  of  .4  by  basing  C  on  B  rather  than  on  A. 

Contrary  to  general  ideas  of  the  perfonnance  of  the  cup 
type  of  meter,  it  appears  that  in  this  case  the  over-register- 
ing is  due  to  the  fact  of  angularity  of  flow  in  a  vertical  plane 
rather  than  to  that  in  a  horizontal  plane.  The  angularity  of 
l!(iw  ill  a  vertical  direction  speeds  up  the  meter  to  a  consid- 
erable amount  over  tlie  known  error  due  to  horizontal  an- 
gularity of  the  flow.  It  appears,  therefore,  that  the  large 
Price  meter  should  only  be  used  when  it  is  swinging  free 
ill  all  directions.  The  next  scries  of  te.sts  were  made  with  a 
small  Price  single  yioiiit  cup  typo  of  meter  as  made  by  Gur- 
Icy.  The  data  of  these  tests  are  given  in  a  curve  similar  to 
the  above.  When  rigidly  suiiported.  the  modern  small  Pric" 
cup  type  of  meter  was  found  to  lie  roiiiiirkiilily  accurnto  in 


the  velocity  of  flow  witli  a  Pitot  tube.  He  gives  a  table  of 
velocities  (Fig.  B),  showing  the  results  of  tests  made  with 
\arious  shaped  tubes  where  little  variation  has  been  evident 
with  the  different  tyjDCs  of  tubes,  the  greatest  difference  be- 
ing sliown  by  the  short  tube.  He  also  describes  an  instru- 
ment for  indicating  or  recording  dynamic  pressures.  Mr. 
W.  M.  White  discusses  tlie  diversity  of  opinions  with  regard 
tn  the  correct  formula  for  h  in  the  pitot  tube  measurements, 
lie  has  devised  a  special  apparatus  for  determining,  experi- 
mentally, the  true  relation   between   the   head  and   velocity. 

v    . 
He  found  that  the  formula  /;   =  — is  correct  for  the  point 

of  the  Pitot  tube,  and  then  devised  a  rather  simple  apparatus 
lor  obtaining  tl'e  true  prt'ssurc  in  the  water  at  or  near  the 
point  of  the  Pitot  tube  in  order  to  fiiul  the  incre.ase  of  pres- 
sure in  the  impact  pijie  caused  by  the  velocity  striking  the 
Pitot  tube  point  over  the  static  pressure  in  the  pipe.  Here 
asiaiii  lie  found  the  same  formula  to  hold  good.     In  order  to 
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test  the  statement  of  Garduer  S.  Williams,  that  the  pressure 
in  the  water  measured  along  the  diameter  of  the  pipe  is 
not  the  same,  but  varies  in  accordance  with  Bernoulli's  law. 
he  designed  a  special  apparatus  in  which  provision  was  made 
to  discharge  a  jet  of  water  at  \'arious  velocities  as  high  as 
30  ft.  per  second,  through  a  3%  in.  disc  nozzle.  The  object 
of  the  experiment  was  to  determine  the  pressure  within  the 
jet  of  water  at  high  velocity  and  more  particularly  to  estab- 
lish the  fact  as  to  whether  the  velocity  along  the  sliortened 
rod,  as  a  piezometer  holds,  affected  the  pressure  reading  at 
that  point.  While  some  of  the  curves  obtained  would  seem 
to  indicate  a  slight  diffei'enee  in  pressure  between  the  center 
of  the  jet  and  its  outer  edges,  the  author  comes  to  tlie  con- 
clusion that  it  may  be  expected  with  reasonal)le  certainty 
that  the  velocity  is  the  same  aci'oss  the  jet.  From  other 
curves,  it  was  found  tliat  the  pressure  in  the  water  dropped 
to  atmospheric  just  at  the  edge  of  the  nozzle.  The  only  ex- 
planation that  the  autlior  can  give  for  it  is  that  it  is  due 
to  surface  tension  on  the  jet.  It  appears,  therefore,  tliat 
there  is  no  drop  in  pressure  due  to  high  velocities. 

The  closure  of  Prof.  Lewis  F.  Moody,  while  of  gx'eat  in- 
terest, is  too  extensi\e  for  abstracting. 


gram  of  Fig.  7,  exi)lains  how  even  a  very  small  quantity  of 
air  spoils  the  vacuum.  The  temperatures  were  measured  at 
points  A,  B,  C,  D,  E  and  F.  If  the  condensation  were  most 
efficient,  the  temperatures  at  A  and  E  would  be  the  same, 
as  was  found  to  be  the  case  in  a  test  with  no  air  in  the 
steam.  As  more  and  more  air  was  admitted,  however,  the 
temperature  at  E  (tail  pipe)  did  not  change,  but  that  at 
D,  C  and  A  changed,  rising  slightly  at  U,  more  at  C  and  the 
most  at  A.  The  temperature  at  E  remained  constant  because, 
although  the  steam  admitted  was  apparently  hotter,  it  reaUy, 
in  spite  of  its  higher  temperature,  contained  no  more  heat 
because  it  contained  more  water.  In  a  condenser  which  takes 
steam  from  an  engine  or  turbine,  however,  the  tail  water 
temperature  would  rise  with  the  addition  of  air  to  the  steam 
on  account  of  the  increase  of  steam  consumption  for  a  given 
load  on  the  prime  mover  caused  by  the  dropping  of  the 
\-acuum.  Neglecting  the  normal  slight  pressure  drop  be- 
tween the  steam  entrance  ^1  and  the  air  pump  nozzle,  it  may 
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Air  in  Jet  Condensers 


Air  IX  Jet  Condensers,  C.  L.  W.  Trinks  (45  pp.,  20  fig., 
et).  The  article  deals  mainly  with  the  influence  of  air  on 
the  performance  of  jet  condensers.  It  shows  an  experi- 
mental jet  condenser  erected  at  the  Carnegie  Institute  of 
Technologj-  especially  for  this  test.  A  constant  rate  of 
water  flow  and  a  constant  rate  of  steam  flow  were  main- 
tained ;  the  speed  of  a  reciprocating  air  pump  which  took 
air  out  of  the  cool  top  of  the  condenser  was  also  maintained 
constant,  but  a  variable  quantity  of  air  was  admitted  with 
the  steam  through  orifices.  Although  the  weight  of  air  ad- 
mitted through  the  largest  nozzle  did  not  exceed  1.4  per  cent 
of  the  weight  of  steam  entering  at  the  same  time,  the  vacuum 
dropped  from  28.5  to  23.2  inches,  which  means  the  differ- 
ence between  very  good  and  very  poor  vacuum.  The  tem- 
perature distribution  in  the  condenser  as  shown  by  the  dia- 


be  said  that  the  pressure  in  the  condenser  is  constant  every- 
where, and  further,  the  partial  air  pressure  in  the  condenser 
increases  rapidly  toward  the  air  pump  nozzle. 

As  regards  the  quantitative  fact  of  the  presence  of  air  in 
the  condenser,  the  author  points  out  that  the  air  pressure 
at  the  air  pump  nozzle  of  the  condenser  adjusts  itself  auto- 
matiealh'  so  that  equilibrium  is  established  between  the  air 
entering  and  the  air  removed,  the  latter  being  accomplished 
not  only  by  the  air  pump,  but  also  by  the  tail  water.  The 
capacity  of  an  air  pump  in  pounds  of  air  in  unit  time  is 
expressed  by  its  characteristic  or  characteristics  which  can 
be  found  only  by  actual  tests.  If,  however,  the  builders  of 
air  pumps  know  tliese  characteristics,  they  do  not  publish 
them  which  makes  the  performance  of  condensers  entirely 
uncertain,  as  the  condenser  owner  has  no  means  of  knowing 
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how  much  air  leaks  in  or  how  much  he  pumps  out.  Further, 
all  the  characteristics  of  air  pumps  which  have  been  pub- 
lished are  based  on  the  pumping  of  dry  air  which  may  be 
entirely  different  from  tiie  characteristics  of  air  and  vapor 
mixtures. 

Fig.  B  shows  the  influence  of  air  pump  characteristics  on 
vacuum.  It  assumes  the  knowledge  of  the  characteristics  of 
the  air  pump  on  a  given  condenser  as  well  as  the  knowledge 
of  the  temperature  at  the  air  pump  nozzle  and  absence  of 
appreciable  pressure  drop  between  the  air  pump  and  the 
air  pump  nozzle  in  the  condenser.  The  characteristics  of 
(liree  similar  pumps  of  different  sizes  are  indicated  as  well 
as  two  rates  of  inflow  of  air.  It  is  evident  that  the  same 
vacuum  may  be  maintained  in  spite  of  different  rates  of  air 
inflow  if  corresponding  air  pump  capacities  are  employed. 
In  connection  with  the  use  of  the  characteristics  for  actual 
condensers  there  are  two  difficulties;  in  parallel  flow  conden- 
sers, the  lack  of  definite  knowledge  of  the  temperature  at 
the  air  pump  nozzle,  and  in  couutercurrent  condensers,  the 
possibility  of  pressure  at  the  air  pump  nozzle  of  the  con- 
denser being  different  from  the  pressure  in  the  condensuig 
space  proper.  The  author  comes  to  the  conclusion  that  the 
temperature  of  the  air  and  vapor  mixture  depends  upon  the 
rate  of  air  inflow  and  air  removal  while  the  rate  of  air  re- 
moval depends  upon  the  temperature  of  the  air  and  vajjor 
mixture.  He  discusses  the  influence  of  air  pump  capacity  in 
couutercurrent  condensers  at  considerable  length. 

As  regards  the  weight  of  air  in  a  condenser  under  normal 
conditions,  the  injection  water  can-ies  uja  to  2  per  cent  of 
atmospheric  air  by  volume  or  approximately  '/.oo  P^i"  ''^^t 
by  weight,  or,  further,  Ys  per  cent  of  the  weight  of  the 
steam;  some  of  this  air  stays  in  the  water  even  at  the  low 
pressure  of  the  condenser.  The  weight  of  air  coming  in  with 
the  steam  from  the  boiler  feed  water  is  usually  negligible, 
but  air  enters  the  condenser  with  the  steam  on  account  of 
leaks.  This  depends  on  the  average  air  pump  capacity 
which  may  range  from  2  to  4  times  the  quantity  of  air 
entering  with  the  water.  If  more  enters,  the  vacuum  must 
drop.  Tests  of  condensers  show  reasonable  uniformity  in 
the  effects  of  air  leaks.  The  author  gives  a  curve  derived 
from  a  test  on  a  Mesta  barometric  condenser  and  a  West- 
mghouse  Le  Blanc  condenser.  With  1  per  cent  of  air  by 
weight  in  the  exhaust  steam,  the  vacuum  is  exceedingly  poor. 
The  author  states,  however,  that  there  is  no  reason  why  that 
should  be  so,  provided  the  air  pump  is  made  large  enough 
and  there  is  a  sufficiently  free  passage  in  the  condenser  for 
the  air.  The  point  is  only  where  to  draw  the  line  and 
whether  to  build  a  condenser  and  pump  for  an  %  per  cent 
leakage  or  for  1  per  cent  or  more. 

This  question  leads  to  a  good  deal  of  quarreling  between 
the  condenser  builders  and  the  condenser  owners,  and  could 
be  easily  avoided  by  devising  an  instrument  for  the  correct 
measuring  of  the  quantity  of  air  in  exhaust  steam.  The 
author  briefly  describes  the  principle  upon  which  he  worked 
in  order  to  devise  an  air  detector.  The  device  is  said  to  be 
really  a  reliable  piece  of  laboratory  apparatus  but  a  very 
poor  instrument  for  power  plant  use. 

He  proceeds  to  discuss  the  influence  of  subdivision  of  in- 
jection water.  Observation  through  the  glass  windows  of 
the  experimental  condenser  at  the  Carnegie  Institute  of 
Technology  revealed  the  fact  that  the  steam  blew  the  sheets 
and  jets  of  water  literally  to  atoms,  producing  a  vast  con- 
densing surface  in  a  small  space.     The  following  fact  proves 


further  that  the  condensation  was  completed  in  a  very  small 
space;  the  tail  water  level  was  gradually  raised  in  the  con- 
denser until  it  touched  the  steam  pipe  and  no  change  in  the 
vacuum  could  be  noticed,  although  the  steam  flow  and  water 
flow  were  quite  heavy  compared  with  the  size  of  the  vessel. 

In  the  discussion  which  followed,  Karl  Xibecker  stated 
that  he  recently  conducted  tests  on  a  condenser  where  the 
drop  in  the  vacuum  from  the  air  pump  to  the  steam  inlet 
nozzle  was  0.66  in.  of  mercury.  He  believes  that  this  ex- 
cessive drop  was  due  entirely  to  poorly  designed  weirs  and 
insufficient  condensing  area  at  the  base  of  the  vessel.  In  a 
condenser  with  the  weirs  properly  designed,  the  drop  in 
vacuum  has  been  found  to  be  less  than  Yo  in.  He  suggested 
further  that  it  would  be  good  practice  to  make  the  air  pump 
capacity  8  to  10  times  the  amount  of  air  brought  in  by  the 
water  and  usually  operate  the  pump  at  very  slow  speeds. 
AVhen  air  leaks  are  developed  during  the  operation,  the 
pump  speed  can  be  increased  and  a  reasonable  vacuum 
maintained  until  such  time  as  the  pump  can  be  taken' off 
con\eniently  for  repairs.  He  also  described  a  type  of  air 
detector  which  is  expected  to  give  good  satisfaction. 

W.  E.  Snyder  stated  that  after  a  wide  condenser  experi- 
ence, he  finds  that  the  only  feature  which  gives  the  most  trou- 
ble to  condenser  men  is  the  lack  of  air  pump  capacity  due 
to  insufficient  attention  to  operating  conditions  by  the  com- 
panies designing  condensers.  Another  difficulty  Ln  connec- 
tion with  the  operation  of  condensers  which  is  being  grad- 
ually eliminated,  however,  is  driving  both  the  air  and  water 
pumps  by  means  of  one  prime  mover,  making  it  impossible 
to  vary  one  independent  of  the  other.  While  the  speaker 
agreed  with  the  general  statement  that  some  leakage  of  air 
into  the  exhaust  system  under  vacuum  is  bound  to  occur,  he 
suggested  several  general  rules  for  keeping  this  leakage  down 
to  minimum. 

J.  B.  Shatzer  describes  a  multi-jet  condenser  based  on  the 
principle  of  subdividing  the  condensing  water  and  passing 
it  through  the  condenser  at  a  high  velocity.  No  complete 
tests  on  this  type  of  condenser  have  yet  been  made,  the  only 
point  on  which  data  have  been  obtained  being  the  water  ratio 
of  the  condenser  and  the  amount  of  air  handled  without 
admitting  steam.  The  water  ratios  run  on  an  average  higher 
than  is  rerjuired  for  the  ordinary  jet  condenser.  In  most 
cases,  tiie  difference  in  the  temperature  between  the  theoret- 
ical vacuum  and  the  tail  water  is  about  15  deg.  or  higher 
than  that  obtained  by  other  condensers.  This  is  not  con- 
sidered disadvantageous  by  the  builders,  because  the  work 
ordinarily  done  by  an  air  pump  in  a  condenser  system  is  in 
tliis  case  taken  care  of  by  the  extra  water  passing  through 
the  condenser,  this  being  resorted  to  in  the  belief  that  it  is 
more  economical  to  remove  air  by  means  of  a  highly  efficient 
water  pump  than  by  an  air  pump  of  low  efficiency.  A  set 
of  curves  is  given  to  sliow  the  air  handling  capacity  of  a  jet 
condenser,  showing  its  increase  with  the  pressure  maintained 
on  the  condensing  water,  and  also  showing  that  with  the 
jiressure  of  15  lb.  in  tlie  water  head,  it  is  possible  to  admit 
0.7  lb.  of  air  per  minute  and  still  maintain  a  vacuum  of 
about  20  in. 

R.  M.  Rush  told  of  his  experiments  with  carbon  packing 
and  steam  sealed  glands  on  turbines  and  engines.  They  had 
to  deal  with  an  exhaust  steam  turbine  operating  in  connec- 
tion with  an  engine  and  governed  entirely  by  the  engine.  It 
was  found  that  at  partial  load  the  vacuum  would  go  back 
into   the   engine   cvlinder.     Under  these   conditions,  the   air 
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leaks  around  the  stuffing  boxes  of  the  engine  would  be  so 
great  that  the  vacuum  would  be  interfered  with  in  the  con- 
denser, but  it  would  be  possible  to  prevent  the  leakage  of  air 
along  tlie  eugme  piston  rod  by  means  of  carbon  jjacking 
rings  split  in  three  parts  and  held  together  with  a  spring. 
The  author  believes  that  low  vacuum  which  is  so  common 
around  steel  mills  might  be  bettered  by  the  introduction  of 
carbon  steam-sealed  packing  on  i-eciprocating  units. 

N.  Owitz  objected  to  having  an  air  pump  on  a  condenser 
larger  than  is  really  needed  for  the  duty  required  on  account 
of  the  additional  expense.  He  described  the  principles  of 
condensation  in  a  jet  condenser  as  well  as  the  countercurrent 
type  of  such  condenser,  and  gave  the  results  of  tests  of  the 
countercuri-ent  jet  condenser  shown  in  a  figure  in  the  text. 
In  that  specific  jet  condenser,  the  cooling  water  can  be  dis- 
charged at  exactly  the  temperature  of  the  exhaust  steam  or 
at  an  efliciency  of  100  per  cent.  With  increased  consump- 
tion of  the  cooling  water  in  an  ordinary  jet  condenser,  a 
larger  air  pump  and  an  increased  power  consumption  by 
that  pump  would  follow  from  an  increased  amoimt  of  air 
brought  into  the  condenser  by  the  cooling  water.  The  coun- 
tercurrent type  of  construction  of  a  jet  condenser  and  the 
consequent  cooling  of  non-condensable  gases  passing  through 
the  air  pump  at  a  low  temperature  result  in  a  minimum  load 
on  the  air  pump  required  to  maintain  a  given  vacuum  in  the 
condenser.  The  speaker  pointed  out  that  air  can  be  intro- 
duced with  circulating  water  in  a  suspended  or  globular 
state  where  the  water  supplied  to  the  condenser  has  been  al- 
lowed to  become  intimately  mixed  with  the  atmosphere. 

In  the  case  of  still  water,  the  amount  of  air  in  each  cubic 
foot  of  water  may  be  said  to  vary  about  as  shown  in  Kg.  C. 
While,  however,  the  amount  of  air  by  weight  dissolved  in 
each  cubic  foot  of  water  seems  to  be  very  small,  the  actual 
volume  of  air  becomes  very  large  because  of  the  low  pres- 
sure exhaust.  Professor  Trinks,  in  connection  with  the  lat- 
ter remarks,  called  attention  to  the  fact  that  in  a  counter- 
current  type  of  condenser  the  pressures  at  the  top  and  at 
the  bottom  are  determined  by  different  considerations.  With 
a  large,  fast  running  air  pump,  small  water  flow  and  little 
air  leakage,  steam  must  break  into  the  top  of  the  condenser 
and  spoil  the  efficiency  of  the  air  pump. 

FRANKLIN  INSTITUTE 

Journal,  vol.  ITS,  no.  3,  September  1914,  Philadelphia,  Pa. 
Stability  of  Aeroplanes,  Orville  Wright  (abstracted) 
The  Screw  Propeller,  W.  F.  Durand 

Stability  or  Aeroplanes,  Orville  Wright  (10  pp.,  g.). 
The  article  is  an  address  made  by  Mr.  Orville  Wright  when 
he  received  the  Institute's  Elliott  Cresson  medal.  It  pre- 
sents a  general  discussion  on  the  question  of  stability  of 
aeroplanes  and  describes  the  development  of  the  stabilizing 
and  the  conditions  of  loss  of  equilibrium.  He  concludes  by 
describing  the  various  methods  of  automatic  stabilization. 

IRON  AND  STEEL  INSTITUTE 

Adi'ance  copy,  autumn  section  1914. 

The  Decarburization  of  Steels  in  the  Salt  Baths  Used  for 
Heating  Prior  to  Hardening,  A.  M.  Portevin  (ab- 
stracted) 

Utilization  of  Heat  Contained  in  Slag,  W.  L.  Johnson  (ab- 
stracted) 
The  Decarburizatiox   of   Steels   in   the   Salt   Baths 

Used  for  Heating  Prior  to  Hardening,  A.  M.  Portevin. 

The    article    discusses    the    decarburization    of    steel    when 


treated  in  baths  oi  molten  alkaline  salts.  Such  baths  are 
becoming  more  and  more  usual  for  the  heating  of  steel  bars 
prior  to  hardening.  They  allow  much  more  rapid  heat- 
ing of  the  small  parts  and  of  gradually  adjusting  tlie  tem- 
peratures of  heating  in  addition  to  eliminating  or  at  least 
considerably  reducing  the  superficial  oxidation.  They  in- 
vohe,  however,  a  little  realized  danger  of  producing  spot 
or  superficial  decarburization,  especially  where  the  heating 
is  prolonged.  The  author  has  carried  out  a  series  of  experi- 
ments with  the  object  of  investigating  this  decarburization. 
He  maintained  for  various  periods  in  molten  potassium 
chloride  at  a  temperature  of  1000  deg.  cent.,  samples  of  a 
hypereutectie  steel  containing  1.46  per  cent  of  carbon.  It 
was  found  that  with  an  increase  in  the  length  of  time  the 
samples  remained  in  the  bath,  there  was  an  increased  decar- 
burization marked  both  by  the  increase  in  the  depth  of  de- 
carburized  layer  and  by  the  lowering  in  carbon  percentage 
of  the  surfaces,  falling  as  low  as  0.2  per  cent.  The  decar- 
burization is  most  effective  after  quenching  and  is  better  re- 
vealed by  the  Shore  sclerometer  than  by  the  Brinell  test  be- 
cause the  former  applies  only  to  a  small  depth.  At  900  deg. 
cent,  the  decarburization  is  not  so  deep,  but  almost  as  great 
so  far  as  the  superficial  lowering  of  the  carbon  percentage 
is  concerned. 

Experiments  with  the  same  steel  in  the  salt  bath  described 
by  Brayshaw  for  use  in  hardening  furnaces  (Potassium 
chloride  0.56;  sodium  chloride  0.39;  soda  0.5;  potassium 
ferro-cyanide  0.2)  showed  that  the  degree  of  decarburization 
is  nearly  tlie  same  as  when  pure  sodium  chloride  was  used 
and  the  influence  of  the  small  amounts  of  ferro-cyanide 
added  with  tlie  object  of  counteracting  the  decarburization, 
did  not  appear  very  efficacious.  The  employment  of  mix- 
tures of  cyanide  and  cyanate  of  potassium  lias  enabled  the 
author  to  establish  equilibria  of  carburization  between  steels 
and  the  bath  so  as  to  obtain  simultaneously  in  the  same  bath 
the  decarburization  of  hard  steels  and  the  carburization  of 
doad-soft  steels.  The  two  phenomena  appear  then  to  tend 
toward  a  common  limit  which  would  be  the  carbon  concen- 
tration of  the  steel  which  remains  in  equilibrium  at  900  deg. 
cent,  in  the  chloro-cyanide  bath.  This  limit  appears  to  be 
independent  of  the  quantity  of  potassium  cyanide  present  in 
the  bath.  It  has  been  noted  that  very  frequently  when  this 
bath  contains  cyanide  of  potassium  and  likewise  when  it  con- 
tains ferro-cyanide  of  potassium,  there  appears  subjacent  to 
the  carburization  layers,  needles  of  appearance  similar  to 
those  described  by  Braune  in  his  researches  on  the  influence 
of  nitrogen  on  iron  and  steel.  The  article  contains  tables  of 
data  obtamed  by  these  tests. 

Utilization  of  Heat  Contained  in  Slags,  Walter  L. 
Johnson.  The  article  contains  a  description  of  the  method 
for  the  utilization  of  heat  contained  in  slags.  It  describes 
the  apparatus  used  for  producing  the  steam  and  the  calan- 
dria,  in  this  case  the  Kestner  single-eiJect  climbing  film 
evaporator.  At  first  it  was  intended  to  use  the  steam  pro- 
duced in  an  exhaust  steam  turbine,  and  after  numerous  ex- 
periments on  blades  of  different  metal,  it  was  found  that 
duralumin  was  affected  very  slightly  so  that  a  50  kw.  tur- 
bine with  blades  of  this  material  was  experimented  with. 
The  steam  produced  from  ordinary  gray  Cleveland  (Eng- 
land) slag  contains  about  0.5  per  cent  by  volume  of  non- 
condensable  gases :  sulphureted  hydrogen  and  nitrogen.  They 
were  absorbed  by  washing  the  gases  with  milk  of  lime  to 
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absorb  the  sulphureted  hydrogen  and  then  passing  the  re- 
mainder through  a  tube  containing  calcined  Cleveland  iron- 
stone heated  to  a  temperature  of  about  750  deg.  cent.,  the 
nitrogen  being  taken  care  oL  by  the  air  pump. 

When  at  the  end  of  two  months  the  turbine  was  opened 
up,  tlie  openmgs  were  found  to  be  partly  blocked  up  with 
fine  sulphur  which  had  caused  some  wear  of  the  blades. 
After  (his  the  direct  method  was  abandoned  and  a  water 
heater  or  heat  exchanger  introduced  between  the  turbine 
and  the  primary  generator.  Witli  steam  from  slag  at  100 
deg.  cent,  and  tlie  temperature  in  the  calandria  91  deg.,  tlic 
mean  of  22  experiments  gave  173  gal.  of  water  e\aporated 
per  hour  and  the  average  steam  per  hour  condensed  in  the 
calandria  was  190.2  gal.  Experiments  were  also  made  to 
determine  the  amount  of  available  steam  from  the  slag  by 
condensing  and  measuring  it.  The  mean  of  7  experiments 
gave  1017  lb.  ix'r  ton  of  slag,  but  after  deduction,  85.5  lb. 
of  clean  steam  available  for  the  turbine.  Since  the  modern 
exhaust  steam  turbine  with  fuU  load  on  and  a  vacuum  uf 
28V2  i'l-  fan  be  guaranteed  under  the  above  conditions  to  use 
not  more  than  about  27  lb.  per  h.p.,  this  gives  .31.6  h.p.  per 
hour  per  ton  of  slag  per  hour. 

As  regards  the  cost,  the  author  states  that  the  difference 
in  practice  at  different  works  makes  it  impossible  to  give 
llie  cost  of  running  such  a  plant.  Apart  from  handling  the 
slag,  the  cost  of  the  electric  installation  is  the  same  as  in 
the  ordinary  exhaust  steam  turbine  plant  of  a  similar  size, 
and  the  attendant  can  regulate  the  water  in  the  calandria. 
But  there  is  about  2  per  cent  more  power  required  for  the 
greater  amount  of  condensing  water  per  h.p.,  and  where  the 
slag  is  already  being  granulated,  there  is  the  extra  up-keep 
of  the  second  elevator.  One  man  per  furnace  should  be  able 
to  attend  to  the  primaiy  generator  and  running  in  the  slaa:. 
llie  reniaiiiiler  lieing  mei'haniciil. 

SOCIETY  OF  CHEMICAL  INDUSTRY  (^BRITISH  1 

I'owER  Costs  ix  \'arioi's  WorivS,  T.  Rolland  Wollaston. 
Tlie  present  abstract  is  taken  from  the  Iron  and  Coal  Trades 
Review,  as  the  library  of  the  Engineering  Societies  has  not 
yet  received  the  proceedings  of  the  Manchester  section  of 
the  Society  of  Chemical  Industry.  It  is  devoted  to  a  com- 
parison between  various  methods  of  steam  generation  for 
power  purposes  with  other  thermal  prime  movers.  The 
author  does  not  believe  that  the  ordinary  boiler  furnace 
provides  a  satisfactory  means  of  burning  coal  to  advantage. 
The  same  chemical  reactions  are  supposed  to  take  place 
wiiere  the  coal  is  burned  in  a  bed  9  in.  deep  on  a  boiler 
grate  or  6  ft.  deep  in  a  gas  producei'.  With  the  gas  pro- 
ducer, however,  the  gas  is  generated  and  burned  under  con- 
ditions cl()sely  approximating  theoretical  accuracy.  In  the 
boiler  furnace,  on  tlie  other  hand,  even  in  the  best  practice, 
a  very  large  amount  of  excess  aii-  is  used  which  vitiates  the 
results,  wliile  the  maintenance  of  the  correct  conditions  for 
combustion  in  a  thin  bed  over  an  area  of  say  20  sq.  ft.  is 
a  matter  of  impossibility,  even  with  the  most  perfect  me- 
chanical stoking  devices.  At  the  same  time,  in  the  boiler 
I'urnaces  tlie  radiant  heat  of  combu-stion  is  usefully  em- 
ployed, but  iiissi|)a(ed  in  the  producer. 


The  producer  type  of  fumace  attachable  to  boilers  of  the 
Lancashire  and  other  types  in  which  the  air  for  combus- 
tion is  highly  preheated  through  the  agency  of  the  radiant 
heat  of  combustion,  is  said  to  have  been  experimented  with 
with  some  success.  Hitherto,  the  firing  of  boilers  by  pro- 
ducer gas  has  only  proved  a  paying  proposition  when  the 
by-products  could  be  extracted  from  the  gas  previous  to  its 
combustion,  and  even  then  only  on  a  large  scale.  It  may  be 
expected,  however,  that  recovery  gas  producers  in  conjunc- 
tion with  special  boilers  will  enable  the  plant  as  a  whole  to 
work  at  approximately  the  same  efficiency  as  the  normal 
hand-fired  boiler,  the  resultant  by-product  paying  for  a  large 
part  of  the  fuel  costs,  and  in  certain  eases  even  showing 
a  profit. 

Tlie  author  proceeds  to  give  data  of  cost  of  operation  of 
various  types  of  prime  movers,  such  as  steam  turbines,  the 
same  plant  with  high  duty  gas  fired  boilers,  a  2000  h.p.  re- 
covery gas  plant  with  gas  engines,  2000  h.p.  of  Diesel  en- 
gines and  a  similar  amount  of  power  from  peat  gas  recovery 
plant  of  the  Mond  system.  The  most  surprising  result  is 
in  the  last  one,  for  which  the  data  given  by  the  author  are 
reproduced.  Not  only  is  the  power  free  of  cost,  but  there  is 
an  actual  profit  of  21  per  cent  on  the  capital  outlay.  The 
capital  cost  of  the  plant,  however,  is  extremely  high — higher 
tlian  in  any  other  type  of  prime  mover: 


TABLE    1      PEAT   GAS   RECOVERY    PLANT,    MOND   SYSTEM    WITH 
2.000   H.P.   OF  GAS  ENGINES 

Capital  Costs 

2.000  h.p.  peat  recovery  plant £24,000 

2,000  h.p.  of  gas  engines  at  £6 12.000 

Foundation  and  buildings  and  auxiliaries 6,000 


£42,000 
Running  Cost 

Dr.  to  33,000  tons  of  peat  at  Ss £S,2oO 

2.140  tons  of  acid  at  333 3,530 

"       Oil  and  stores,  say 700 

Bags  and  packing  sulphate 713 

Labour,  27  men  at  £70 1,890 

Maintenance  at  2  per  cent 840 

"        Interest  and  depreciation.   10  per  cent.                                         .  .  4,200 


£20,123 


Cr.  by  2,140  tons  of  sulphate  at  £12   Ifls. 
2.140  tons  of  tar  at  20s        ,   . 


.  £26,750 
.      2.140 


Credit  balance.    . 

Cost  per  h.p.  hour 

Cost  per  h-p.  year 

Equivalent  cost  per  unit 

With  a  clear  profit  of  21  per  cent  on  capital  outlay. 


£3,767 

nil. 
nil. 
nil. 
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PERSONAL  NOTES 

Charles  L.  Samson,  formerly  associated  with  The  Griffin 
Wheel  Company,  Chicago,  III.,  as  mechanical  engineer,  has 
accepted  the  position  of  master  mechanic  of  The  Hamilton 
Manufacturing  Company,  Two  Rivers,  Wis. 

Thomas  L.  Tomlines,  until  recently  connected  with  the 
Stebbins  Engineering  and  Manufacturing  Company,  Water- 
town,  N.  Y.,  has  opened  a  consulting  engineering  office  in 
the  riower  Building,  Watertown,  N.  Y. 

Edwin  Frank  has  been  appointed  instructor  in  mechanical 
engineering  at  the  University  of  Illinois,  Urbana,  111.  He 
was  formerly  in  the  hydraulic  department  of  AUis-Chalmers 
Manufacturing  Company,  West  Allis,  Wis. 

Harold  V.  Coes,  until  recently  associated  with  Lockwood, 
Greene  &  Company,  Boston,  Mass.,  as  special  principal  as- 
sistant, has  become  affiliated  with  the  Sentinel  Automatic 
Gas  AppUauce  Company,  New  Haven,  Conn.,  as  vice- 
president  and  general  manager. 

R.  F.  Peters  has  resigned  as  mechanical  engineer  of  the 
San  Antonio  and  Aransas  Pass  Railway,  San  Antonio, 
Texas,  to  accept  an  appointment  as  senior  mechanical  en- 
gineer of  the  division  of  valuation.  Interstate  Commerce 
Commission,  with  headquarters  at  Kansas  City,  Mo. 

J.  H.  Billings,  who  at  the  outbreak  of  the  war  was  in  Eng- 
land on  his  way  to  Gei-many  to  take  a  years  course  of  study 
at  the  University  of  Berlin,  is  now  taking  a  course  for  a 
master's  degree  in  mechanical  engineering  at  Massachusetts 
Institute  of  Technology. 

William  J.  Dyer  has  terniinated  bis  rminpftion  with  the 
Honolulu  Iron  Works  Co.,  Honolulu,  Hawaii,  after  15  years 
service  as  designing  and  construction  superintendent  of  ma- 
chinery for  the  sugar  industry,  and  with  a  broad  practical 
knowledge  of  engineering  in  its  various  branches,  announces 
the  opening  of  an  office  as  consulting  engineer  in  the  Stangen- 
wald  Building.  Honolulu,  Hawaii. 

Mr.  Alfred  E.  Kornfeld,  who  relinquished  his  connection 
with  "  Engineering  News  "  in  1912  after  18  years  service, 
has  again  become  identified  with  it  and  as  a  member  of  its 
business  staff,  with  headquarters  in  New  Y'ork  City. 

Mr.  H.  deB.  Parsons  lias  been  appointed  joint  represent- 
ative of  both  the  Chamber  of  Commerce  and  the  Society  on 
a  special  Board  of  the  City  of  New  York  to  formulate  speci- 
fications for  fire  hose  and  tests  for  same. 

STUDENT  BRANCHES 

ARMOUR   INSTITUTE    OF   TECHNOLOGY 

The  first  meeting  of  the  season  was  held  on  October  8. 
C.  W.  Xaylor,  Member  of  the  American  Society  of  Mechanical 
Engineers,  spoke  on  the  benefits  derived  from  belonging  to 
an  engineering  society.  Other  speakers  were  Prof.  G.  F. 
Gebhardt,  Member  of  the  American  Society  of  Mechanical 
Engineers,  Professors  Peebles,  Libby,  Anderson,  and  Roesch 
and  L.  W.  Bunge. 

KiVNSAS   STATE   AGRICULTUK2VL    COLLEGE 

The  following  officers  were  installed  at  a  meeting  of  the 
Kansas  State  Agricultural  College  Student  Branch  held  on 
October  1 :  Prof.  A.  A.  Potter,  honorary  chaiiTuan ;  J.  E. 
Bengston,  president;  R.  A.  Shelly,  vice  president;  L.  A. 
Wilsey,  secretary;  R.  L.  Swenson,  treasurer.  R.  L.  Swen- 
son  reviewed  the  Journals  for  July,  August  and  Septem- 
ber. J.  B.  Lund,  Superintendent  of  Heat  and  Power  of 
the  Kansas  State  Agricultural  College,  gave  an  interesting 
talk  on  the  practical  problems  of  heating  buildings.  Prof. 
A.   A.   Potter,  Dean   of  the   Engineering  Division,  gave  a 


short  discussion  on  the  functions  and  various  activities  of 
the  American  Society  of  Mechanical  Engineers,  and  Pro- 
fessor Reid  of  the  Electrical  Engineering  Department  gave 
a  short  address  on  the  importance  of  college  sections  of  the 
national  engineering  societies. 

OHIO    STATE    UNIVERSITY 

The  first  regular  meeting  of  the  Ohio  State  University 
Student  Branch  was  held  on  October  7  and  the  following 
officers  were  elected :  R.  D.  Rogers,  chairman ;  P.  W.  Sheats- 
ley,  secretary;  F.  M.  Atwell,  treasurer.  T.  W.  Herbst  was 
chosen  to  take  charge  of  the  athletic  activities  of  the  branch. 
The  chairman  appointed  C.  L.  Brown,  C.  Lauer,  R.  M. 
Matthews  and  P.  W.  Sheatsley  to  serve  as  a  program  com- 
mittee and  L.  R.  Baker,  A.  R.  Furnas  and  H.  D.  Winbigler 
to  comprise  a  social  committee.  Prof.  Wm.  T.  Magruder, 
honorary  chairman  of  the  branch,  spoke  of  the  relation  of 
the  branch  with  the  American  Society  of  Mechanical 
Engineers,  and  suggested  several  ways  by  which  benefit 
from  the  Society  could  be  increased.  Prof.  F.  E.  Sanborn 
gave  an  interesting  talk  on  "  The  Qualities  of  an  Engineer." 

RENSSELAER    POLYTECHNIC   INSTITUTE 

The  first  regular  meeting  of  the  student  branch  of  the 
Rensselaer  Polytechnic  Institute  was  held  on  September  21 
at  which  23  members  of  the  Junior  Class  were  taken  into 
the  branch.  Tlie  following  officers  were  chosen :  C.  P. 
Brown,  chairman ;  B.  F.  Percival,  vice-chaii'man ;  H.  Thier- 
inger,  treasurer;  W.  Kelly,  secretary.  D.  M.  Singer  gave 
an  interesting  talk  on  power  development  at  Niagara  Falls. 
This  was  followed  by  a  discussion  by  Prof.  A.  M.  Greene, 
W.  S.  Powers  and  H.  Thieringer. 

UNIVERSITY    OF    COLORADO 

The  fii'st  meeting  of  the  University  of  Colorado  Student 
Branch  was  held  on  September  23.  The  meeting  was  de- 
voted to  a  discussion  of  future  plans  and  activities  of  the 
branch,  of  the  possibility  of  increase  of  membership  and  the 
selection  of  a  suitable  pin  for  the  branch. 

UNIVERSITY    OF    MINNESOTA 

At  the  October  meeting  of  the  University  of  Minnesota 
Student  Branch,  Fletcher  Rockwood  presented  a  paper  on 
the  "  Disposal  of  Municipal  Waste."  He  described  in  gen- 
eral the  various  methods  used  by  municipalities  in  dispos- 
ing of  garbage  and  other  waste  and  gave  a  detailed  aecomit 
of  the  incinerator  system  as  employed  in  Minneapolis. 

UNIVERSITY   OF    MISSOURI 

The  first  meeting  of  the  University  of  Missouri  Student 
Branch  was  held  on  September  21  and  the  following  officers 
were  elected:  L.  L.  Leach,  chairman;  Troy  Russell,  secre- 
tary and  treasurer;  P.  R.  A.  Nolting,  corresponding  sec- 
retary; and  Prof.  A.  L.  Wescott,  Stanley  Goodman  and  W. 
A.  Sloss,  the  governing  board.  At  a  meeting  held  on  Octo- 
ber 5,  Dean  Davenport  of  the  School  of  Commerce  addressed 
the  Society  on  the  present  financial  crisis. 

UNIVERSITY   OF   NEBRASKA 

The  following  officers  were  elected  at  a  meeting  of  the 
University  of  Nebraska  Student  Branch  held  October  3: 
D.  W.  Watkins,  chairman ;  R.  B.  Gillespie,  treasurer. 
Prof.  J.  D.  Hoffman  gave  a  short  talk  on  the  American 
Society  of  Mechanical  Engineers  and  the  benefits  derived 
from  being  a  member  of  engineering  organizations. 
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WORCESTER   POLYTECHNIC   INSTITUTE 

The  organization  meeting  of  the  Worcester  Polytechnic 
Student  Branch  was  held  on  October  2.  R.  H.  Crippen, 
chairman  of  the  branch,  gave  a  short  talk  telling  what  the 
purposes  and  aims  of  tlie  branch  were.  Charles  S.  Gingrich 
ot  the  Cincinnati  Milling  Machine  Company  gave  an  illus- 
trated lecture  on  "  Modem  High  Production  Milling  Ma- 
chine Practice,"  showing  some  of  the  exceptional  results 
gained  by  experimental  work  performed  in  their  research 
laboratory.  Among  those  who  took  part  in  the  discussion 
of  the  lecture  were  Dr.  Ira  N.  Hollis,  President  of  Worcester 
Polyteelmic  Institute;  W.  W.  Bird,  Professor  of  Mechanical 
Engineering  and  Director  of  the  Institute  Shops;  John  S. 
Spenee  of  the  Norton  Grinding  Company;  Albert  A.  Gor- 
don of  the  Crompton  &  Knowles  Company;  Clinton  Alvord 
of  the  Worcester  Loom  Company. 

EMPLOYMENT   BULLETIN 

Note :  In  sending  applications  stamps  shiould  be  en- 
closed for  forwarding. 

The  Secrelarj-  considers  it  ;i  special  obligation  and  pleasant  duty  to  be  the 
medium  of  securing  positions  for  members,  and  is  pleased  to  receive  requeeta 
both  for  positions  and  for  men.  The  published  notices  of  "men  available"  are 
made  up  from  members  of  the  Society.  Notices  are  not  repeated  except  upon 
special  request.  Names  and  records  are  kept  on  the  office  list  three  months, 
and  if  desired  must  be  renewed  at  the  end  of  such  period.  Copy  for  the  Bulletin 
must  be  in  hand  before  the  12th  of  the  month. 

POSITIOX.S   AVAILABLE 

914  Instructor  in  machine  shop  practice  for  large  uni- 
versity in  middle  west.  CoUege  man  with  practical  experi- 
ence preferred. 

1035  High  grade,  practical  machine  designer,  experience 
in  machine,  pattern  shop  and  drawing  room;  one  who  can 
make  practical  designs  from  a  shop  standpoint  so  that  goods 
may  be  manufactured  cheaply  and  be  of  such  grade  as  to 
meet  the  be.st  of  competition.  Position  permanent  for  man 
of  ability.  Salary  according  to  ability.  Location  Missouri. 
Apply  by  letter. 

1036  Massachusetts  concern  desires  young  engineer,  pref- 
erably one  with  technical  education  and  two  or  three  years 
shop  experience  who  is  willing  to  start  with  reasonable  sal- 
ary and  work  into  estimating  and  planning  department.  Ap- 
ply by  letter. 

1121  A  well  established  company,  manufacturing  a  line 
of  railroad  specialties,  covering  both  rolling  stock  and  road 
bed,  desires  to  add  to  its  output  other  articles  in  keeping 
witli  present  lines. 

MEN    AVAILABLE 

Iv-1100  Graduate  Stevens  Institute  of  Technology,  age 
44,  married,  good  executive,  broad  experience  in  designing 
and  es])erimenting  with  internal  combustion  engines,  also 
thorough  knowledge  of  "  service  "  work  for  large  automobile 
concern,  desires  position  in  or  near  New  York. 

K-1101  .Junior  member,  college  graduate,  three  years  en- 
gineering department  of  large  eastern  steel  company;  two 
years  assistant  superintendent  and  chief  engineer  large  elec- 
tric company  in  charge  of  engineering  and  construction  de- 
])artm(>nts,  designing,  estimating,  erecting  and  directing 
work ;  comjietent  in  designing  and  building  power  plants, 
sub-stations,  transmission  lines,  electric  cranes  and  tram  cars, 
coal  and  ash  handling  systems,  piping  layouts,  boiler  and 
engine  settings  and  machinery  installation,  desires  position 
of  authority  and  responsibility  with  chance  for  advance- 
ment. 

K-1102  Junior  member,  age  29,  graduate  mechanical  en- 
gineer, five  years  experience  in  design  of  steam  electrical 
generating  equipment;  four  years  as  sales  engineer;  special- 


ist in  modem  electrical  i>ower  generation  for  industrial 
manufacturing  plants,  boilei-s,  all  types  of  steam  turbines, 
generators,  condensers  and  auxiliaries,  desires  position  with 
an  engineering,  manufacturing  or  public  utility  company. 
Large  acquaintance  in  western  Pennsylvania  and  eastern 
Ohio. 

K-1103  Junior,  Cornell  graduate,  age  26,  two  years  ex- 
perience in  erecting  testing  and  installing  compression  and 
absorption  refrigerating  machines  and  several  years  experi- 
ence as  superintendent  of  street  paving  and  general  con- 
struction work,  desires  permanent  jiosition  which  will  lead  to 
advancement  in  sales,  executive  or  general  engineering  capac- 
ity.    Location  immaterial,  eastern  states  preferred. 

K-1104  Mechanical  engineer,  technical  graduate  with 
wide  machine  shop  and  mill  experience,  desires  position  with 
large  progressive  manufacturer.  Would  consider  taking 
part  interest  in  small  but  live  manufacturing  proposition  in 
New  England. 

K-1105  Technical  physicist,  M.I.T.  graduate  in  me- 
chanical engineering,  can  organize  and  equip  physical  testing 
laboratories,  and  take  charge  of  research  problems  in  turbine 
or  similar  work.  Interview  in  Boston  the  last  week  of  No- 
vember or  in  New  York  at  the  Annual  Meeting. 

K-1106  Associate  member,  age  32,  seven  years  technical 
training,  four  years  shop  apprentice,  drafting  and  designing 
steam  and  pumping  engines,  also  two  cycle  double  acting 
and  four  cycle  oil  engines,  desires  a  change.  Has  held  posi- 
tions as  outside  engineer,  chief  engineer  and  master  me- 
chanic. Executive  ability  in  handling  men.  Location  im- 
material. 

K-1107  Factory  superintendent  or  general  foreman  with 
broad  experience  in  modern  manufacturing  methods  can  pro- 
duce results  with  your  equipment;  twelve  years  experience 
with  production  efficiency  and  organizing  of  shops. 

K-1108  Technical  graduate  in  mechanical  engineering, 
three  years  practical  experience  including  design,  shop  man- 
agement, purchasing  and  sales  work.  Last  employed  as 
superintendent  of  comjjany  making  high  grade  gasolene 
motors  and  would  like  something  of  similar  nature.  Salary 
$1600. 

K-1109  Junior,  M.I.T.  graduate  in  mechanical  engineer- 
ing, experienced  in  aU  branches  of  building,  construction, 
especially  estimating  and  cost  systems,  also  sales  engineer. 
Location  immaterial. 

K-1110  Member,  graduate  mechanical  engineer,  20  years 
experience  as  designer  and  draftsman  of  simplex  and  duplex 
steam  pumps,  desires  position  as  designer  or  chief  drafts- 
man.   Best  references. 

K-1111  Student  member,  technical  graduate  with  eight 
years  gas  engine  experience.  At  present  employed  as  steam 
engineer  but  desires  gas  engine  field. 

K-1112  Associate-Member,  A.S.M.E.,  Associate,  A.I.E.E., 
graduate  Stevens  Institute  of  Technology,  age  26,  four 
years  with  large  electrical  manufacturer,  two  years  at 
factory,  remainder  of  time  selling  and  investigating  power 
re(|uirements  of  factories,  making  motor  recommendations, 
figuring  comparative  costs  and  presenting  them  in  form  of 
re])orts,  experienced  in  indicating  steam  engines.  At  pres- 
ent engaged  in  manufacturing  line  but  desires  sales  work. 

K-1113  Superintendent  with  wide  experience  in  modem 
methods  in  foundries,  machine  shops  and  manufacturing 
plants,  expert  mechanic,  good  executive  able  to  produce 
maximum  results  with  equipment  and  men. 

K-1114  Junior,  graduate  mechanical  engineer,  five  years 
experience  in  manufacture  and  design  of  high  grade  auto- 
mobiles, desires  position  as  assistant  superintendent  with 
growing  concern.  At  present  engineer  of  tests  in  auto- 
mobile factory  building  its  own  parts. 
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K-1115  Member,  18  years  exijerience  as  draftsman, 
superintendent  and  chief  engineer,  ten  years  in  selling,  will 
go  anywhere  in  the  United  States  north  of  the  Ohio  liiver. 
Has  proved  ability  in  steel  easting  specialties. 

K-1116  Member,  age  34,  exiaerienced  in  design  and  con- 
struction of  propelling  machinery  for  steam  vessels,  desires 
responsible  executive  position  in  similar  line  of  work.  At 
present  superintendent  in  large  manufacturing  concern  but 
prefers  marine  engineering. 

K-1117  Junior,  technical  graduate  in  mechanical  and 
electrical  engineering,  12  years  practical  experience  in  de- 
sign, construction  and  maintenance  of  sub-stations  and  power 
houses  high  voltage  design  and  construction,  gas  and  gaso- 
lene engines.  At  present  employed  in  responsible  position. 
Salary  $175.    Location  New  York. 

K-1118  Junior,  age  38,  sales  engineer,  broad  experience 
in  handling  high  grade  mechanical  specialties,  acquaintance 
in  manufacturing  and  engineering  fields,  desires  to  represent 
manufacturers  in  east  or  middle  west.    At  present  employed. 

K-1119  Mechanical  engineer  with  eleven  years  experi- 
ence in  varied  manufacturing  lines  open  for  engagement. 

K-1120  Member,  technical  graduate,  ten  years  exjieri- 
ence  in  civil,  mining  and  mechanical  engineering,  wishes 
extra  work  in  drafting,  designing  or  calculating.  At  present 
employed  in  Philadelphia. 

K-1121  Member,  technical  training  as  mechanical  engi- 
neer, as  well  as  shop  training  as  machinist  and  superintend- 
ent; eight  years  experience  conducting  an  otHee  as  design- 
ing and  contracting  engineer,  is  open  for  engagement  as  rep- 
resentative of  high  grade  concern,  preferably  in  field  of 
equipment  for  the  handling  of  materials.  Location  Ohio  and 
adjacent  states. 

K-1122  Junior,  experienced  in  designing  and  testing  air 
machinery,  jiower  jjlants  and  determining  costs  of  produc- 
tion, desires  position  as  assistant  to  manager,  superintendent 
of  industrial  concern,  or  sales. 

K-1123  Junior,  M.  L  T.  graduate,  journeyman  machinist, 
experienced  in  design,  inspecting,  researcli,  steam  power,  re- 
pair work  and  con-espondence,  desires  position  with  consult- 
ing engineers  or  manufacturing  concern,  jjreferably  in  the 
South.    At  present  employed. 


ACCESSIONS  TO  THE   LIBRARY 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of 
accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on 
request  from  Calvin  W.  Rice,  Secretary  of  Am.  Soc.  M.  E. 

Amerk'ax  Ceramic  Society.  Transactions,  vol.  XVI,  1914. 
Columbus,  1914.     Gift  of  Society. 

American  Society  op  Agricultural  Engineers.  Trans- 
actions, vol.  6,  7,  1912-13.  Madison,  1912-13.  Gift  of 
Society. 

American  Society  of  Mechanical  Engineers.  Trans- 
actions, vol.  35,  1913.     New  York,  1914. 

Association  op  Harvard  Engineers.  Year  Book,  1913. 
Gift  of  A.  S.  M.  E. 

Business  Methods  in  Municipal  Works.  Philadelphia, 
1913.  Gift  of  Department  of  Public  Works  of  Phila- 
delphia. 

Carnegie  Endowment  for  International  Peace.  Year 
Book,  1913-14.  Washington,  1914.  Gift  of  Carnegie 
Endowment  for  International  Peace. 

Carnegie  Foundation  for  the  Advancement  of  Teaching. 
6th  Annual  Report  of  the  President.  New  York,  1911. 
Gift  of  Carnegie  Foundation  for  the  Advancement  of 
Teaching. 


Chemistry  of  Combustion  Applied  to  the  Economy  op 
Fuel.  E.  W.  Dimond.  Worcester,  1867.  Gift  of  Dr. 
Tolman. 

Elements    of    Electricity    and    Magnetism.      Wm.    S. 

Franklin   and   Barry  Macnutt.     New   York,  MacmiUan 

Co.,  1913.     Gift  of  publishers. 
Thi.'  book  has  been  pri-parcd  for  college  use.     An  attempt  has  been 
made    "  to    ratioiialii'.c    our    experience    ot"    physical    conditions    and 
things.-  W.   P.    C. 

Experiments  in  the  Preservative  Treatment  of  red-oak 
AND  HARD-MAPLE  CROSS  TLBS.  Francis  M.  Bond.  U.  S. 
Dept.  of  Agriculture,  Forest  Service,  Bull.  126.  Wash- 
in  yton,  1913.     Gift  of  F.  M.  Bond. 

Intern.\tional  Railway  General  Foremen's  Association. 
Proceedings.  10th  Annual  Convention,  1914.  Gift  of 
Association. 

Maine.  State  Water  Storage  Commission.  3d  and  4th 
Annual  Report,  1912,  1913.  Waterville,  1913-1914. 
Gift  of  Geo.  L.  Fowler. 

Manchester  Steam  Users"  Association  for  the  Preven- 
tion OP  Steam  Boiler  Explosions.  Memorandum  by 
Chief  Engineer.  1913.  Manchester,  1914.  Gift  of  Man- 
chester Steam  Users'  Association. 

.Master  Boiler  Makers'  Association.  Official  Proceedings 
of  7th.  Sth  Annual  Convention,  1913,  1914.  Gift  of 
Geo.  L.  Fowler. 

Minnesota  Conservation  and  Agricultural  Development 
Congress,  March  16-19,  1910.  Address  delivered  at 
St.  Paul,  1910.     Gift  of  A.  S.  M.  E. 

National    Paving    Brick    Manufacturers'    Association. 

Directions  for  laying  Vitrified  brick  street  pavements. 

No.  1  Specification.    1911. 
Specifications  for  the  construction  of  vitrified  brick 

street  pavements  and  vitrified  brick  highways.     Gift  of 

Association. 

New  Jersey  Board  of  Public  Utility  Commissioners.  4th 
Annual  Report,  1913.  Union  Hill,  1914.  Gift  of  New 
Jersey  Public  Utility  Commissioners. 

New  York  State  Engineer  and  Surveyor.  Supplement  to 
the  Annual  Report.  voL  II,  1913.  Albany,  1914. 
Gift  of  State  Engineer  and  Surveyor. 

Xolwelles  Recherches  sur  la  Resistance  de  L'Air  et 
L' Aviation.  G.  Eiffel.  2  vols.  Paris,  Dunod  et  Pinat, 
1914.  Gift  of  author.  (Review  will  appear  in  next 
issue  of  Journal.) 

Poor's  Manual  of  Industrials,  1914.    New  York,  1914. 

Proportioning  Aggregates  for  Portland  Cement  Con- 
crete. Albert  Moyer.  Gift  of  Vulcanite  Portland 
Cement  Co. 

Science  Museum  (South  Kensington).  Catalogue  of  the 
Mechanical  Engineering  Collection.  Part  I,  and  supple- 
ment.   London,  1914.    Gift  of  Science  Museum. 

Scientific  Management.  A  collection  of  the  more  signifi- 
cant articles  describing  the  Taylor  system  of  manage- 
ment. Edited  by  Clarence  Bertrand  Thompson.  Cam- 
bridge, Harvard  University  Press,  1914.    Gift  of  author. 

This  is  the  first  of  the  series  *"  Harvard  Business  Studies."  issued 
by  the  Graduate  School  of  Business  Administration.  .Among  the  nu- 
merous articles  reprinted  are  several  from  the  Transactions  of  the 
Society.  Over  eight  hundred  pages  of  reprints  are  given,  preceded 
by  a  paper  on  the  literature  of  scientific  management,  and  followed 
by  a  good  bibliography  of  the  subject.  .\n  extremely  useful  compila- 
tion. W.  P.  C. 

Some  Tests  to  Determine  the  Effect  upon  Absorption 
and  Penetration  of  Mixing  Tar  with  Creosote.  F. 
M.  Bond.     Gift  of  author. 
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South  Philadelphia.  The  alxjlisliment  ul  grade  crossings 
and  the  creation  of  opportunities  lor  commercial  and 
industrial  development.  Fhiladelpkia,  1913.  Gift  of 
Department  of  Public  Works  of  Philadelphia. 

U.  S.  Commissioner  of  Corporations  on  Transportation 
BY  Water  in  the  United  States.  Report.  Pts.  1-IV. 
Washbiylon,  1909,  1910,  1913.  Gift  of  U.  S.  Dept.  of 
Commerce  and  Labor. 

Voltage  Testing  op  Cables.  W.  I.  Middleton  and  C.  L. 
Dawes.    1914.    Gift  of  Simplex  Wire  &  Cable  Company. 

Wisconsin.  Industrial  Commission.  Building  Code. 
1914.     Madison,  1914.     Gift  of  Commission. 

exchanges 

Brooklyn  Engineers'  Club.  Proceedings  for  191,'?.  Brook- 
lyn, 1914. 

Institution  op  Civil  Engineers.    Minutes  of  Proceedings. 

vol.  CXCV.     London,  1914. 
Charter,  supplemental  charters,  by-laws  and  list  of 

members.     July,  1914.    London,  1914. 

Municipal  Engineers  op  the  City  of  New  York.  Pro- 
ceedings, 191.3.     New  York,  1913. 

Purdue  Univ'ersitv.     Alunmi  Register,  187.5-lflll. 
ette,  1912. 


U.   S.   Commissioner  of  Patents. 
Washington,  1914. 


Lafay- 
Annual   Report.   1913. 


trade  catalogues 

Baii:d  Machine   Co.,  Bridgeport,   Conn. 
burnishing  machine, 

Bryant  Electric  Co,,  Bridgeport,  Conn. 
signal  system  for  hospitals.    31  pp. 

Durand  Steel  Locker  Co.,  Chicago-Neiv  York. 

E.  Steel  racks,  shelving,  factory  equipment. 

F.  Steel  lockers. 

GoLDSCHMiDT  Thermit  Co.,  Neiv  York,  N.  Y. 
Third  quarter,  1914,  no.  3. 

Johns-Manville  Co.,  Cleveland,  0.    The  .J-M  roofing  sales- 
man, Septembei-.  1914. 

Leschen  &  Sons  Rope  Co.,  St.  Louis,  Mo.     Leschen's  Her- 
cules, September,  1914. 

Timken  Roller  Bearing  Co.,  Canton.  O.    Timken  magazine, 
August,  October,  1914. 


Under-Feed  Stoker  Co.  op  America,  Chicago,  III.  Pub- 
licity Magazine,  September,  October,  1914. 

Walworth  Mfg.  Co.,  Boston,  Mass.  Model  piping  specifi- 
cations, September,  1914. 

UNITED  ENGINEERING  SOCIETY 

American  Library  Assoclation.  Handbook,  1914.  (vol, 
8,  no.  5,  of  Bulletin.)  Chicago,  1914.  Gift  of  W.  P. 
Cutter. 

A  Magyar  Mernokes  Epitesz-Egtlet  1914.  Budapest, 
1914.  Gift  of  the  American  Society  of  Hungarian 
Engineers. 

Motion  Picture  Trade  Directory,  August  1914.  New 
York,  1914.     Gift  of  Frank  Wenneis. 

New  International  Encyclopaedia,  ed.  2.  vols.  3-6. 
New  York,  1914. 

New  Zealand  Patent  Office  Journal,  vol.  1;  vol.  2,  nos. 
1-8,  10-13,  1,5-25:  vol.  3.  nos.  1-4,  6-14.  Wellington, 
1912-14.     Gift  of  Patent  Office. 

Oil,  Paint  and  Drug  Reporter,  Green  Book  for  Buyers, 
January  1914  edition.  New  York,  1914.  Gift  of  Oil, 
Paint  and  Drug  Reporter. 

Passenger  Car  Ventilation  System  of  the  Pennsyl- 
vania Railroad  Company.  Chas.  B.  Dudley.  Altoona, 
1914.    Gift  of  Pennsylvania  Railroad  Company. 

Patents.  Chas.  L.  Clarke.  Reprinted  from  "  General  Elec- 
tric Review."     Gift  of  author. . 


Bull.   303.     Ball       Publishers'  Trade  List  Annu.vl,  1914.     New  York,  1914. 

yo\.   VIII,  1914-15,     Chicago, 


Bryant  silent  call 


Catalogue 
Catalogue 

Reactions. 


Who's   Who  in    A:N:ERirA. 
1914. 

trade  catalogues 

Bartlett  &  Snow  Co.,  Cleveland,  0.  Catalogue  no.  29. 
Garbage  disposal  plants.  1909.  Bulletin  no.  40. 
Garbage  disposal  machinery.    Zopp. 

Crown  Cork  &  Se.^l  Co.,  Baltimore,  Md.     The  Crown  cork 
system.     55  pp. 

Oriscom-Russell  Co.,  New  York,  N.  Y.  Bulletin  703.  Rub- 
bish utilization  plant  in  the  city  of  Pittshurgh,  Pa, 
704,  Report  of  official  tests  of  Sterling  Destructor  in- 
stalled at  Halifax,  N.  S.  The  Sterling  Destructor.  48 
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THE  WARNER  &  SWASEY  COMPANY  I 

Works  and  Main  Office:  CLEVELAND 

Branch  Omces:     NEW  YORK        BOSTON        BUFFALO        DETROIT    and    CHICAGO 
UNIVERSAL  HOLLOW-HEXAGON  TURRET  LATHES  TURRET  SCREW  MACHINES  BRASS-WORKING  MACHINE  TOOLS 

J.  UrrCt  Equipped    for    highly  specialized   manufac- 

Sfcr*"rPW^  ture,  in  large  or  small   lots;  or   for  general 

Machines   "°'"''  "  '"'^  '"=  '"'"■"'• 

For  more  than  a  quarter 
of  a  century  representing 
the  hig-hest  standard  of 
construction. 


SIZES— 5^  to  sH'bsir  capacity; 
ID  to  20"  swing. 


Turret  Lathe  equipments  planned. 
=     Estimates  of  output  furnished. 
Representative  will  visit  you 
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TRADE  MARK 


BRISTOL'S   RECORDERS 

ELIMINATE  GUESSWORK  and  INCREASE  EFFICIENCY 

Modern  methods  of  scientific  management  have  settled  beyond  ail  question  that  the  use  of  Record- 
ing Instruments  is  indispensable  in  order  to  secure  the  highest  efficiency  and  economy  results. 

The  difference  between  the  use  and  non-use  of  recorders  is  the  difference  between  guesswork  and 
certainty. 

BRISTOL'S  RECORDERS  cover  the  field  complete.  Wherever  there's  an  operation  where  the 
choice  lies  between  approximate  judging  or  definite  certainty  there's  a  BRISTOL'S  RECORDING 
j     INSTRUMENT  designed  to  reflect  the  true  story  of  facts. 

BRISTOL'S  RECORDERS  are  made  for  Pressure,  Temperature,  Electricity,  Time,  Motion, 
Speed,  Humiditv,  Rate  of  Flow,  etc.  There's  a  simplicity  about  BRISTOL'S  RECORDING  IN- 
STRUMENTS which  places  them  in  a  class  by  themselves — an  accuracy  which  is  dependable — a  quality 
which  is  known  and  recognized  wherever  Recording  Instruments  are  used. 


WRITE    FOR    BULLETIN     161-0 


THE   BRISTOL   COMPANY 


WATERBURY,  CONN. 


Branch  Offices:     NEW  YORK      BOSTON      CHICAGO      PITTSBURGH 
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EFFICIENCY   FEATURES 


The  Double  Spindle  Flat  Turret  Lathe  for  Chuck  Work.     Range, 
using    two    spindles,     lo"    swing;    single    spindle,     ly"   swing. 

Do  you  know  why  the  work  done  on  a  Jones  &  Lamson  Turret  Lathe  maintains  a  uniform  degree 
of  accuracy  throughout  the  entire  lot — whether  it's  looo  pieces  or  50,000 — allowing,  of  course,  for 
wear  of  the  cutting  edge  of  the  tool? 

If  you  have  used  other  makes  of  turret  lathes  on  large  quantity  lots,  you,  very  likely,  have  noticed 
the  variation  of  shoulder  lengths  on  the  finished  work.    The  reason  for  this  is  insufficient  stop  mechanism. 

With  the  ordinary  stop  mechanism,  when  the  feed  is  released,  there  is  a  rebound  action,  due  to  the 
reduction  of  feed  pressure  against  the  work  and  backlash  in  the  gears  or  screw.  This  rebound  action 
not  only  leaves  an  imperfect  shoulder  on  the  work  but  usually  scores  the  finished  piece. 

That  objectionable  feature  is  overcome  on  the  Jones  &  Lamson  Turret  Lathe  by  means  of  the 
Friction  Feed  Mechanism — an  exclusive  J.  &  L.  feature. 

On  pages  2  and  3  of  The  Journal  of  The  /\m.  Soc.  M.  E.,  August  issue,  we  described  the  simple 
stop  mechanism  and  the  method  of  obtaining  the  wide  range  of  feeds  and  speeds  by  means  of  a  slight 
shift  of  a  single  controlling  le\'er. 

On  the  next  page,  of  this  issue,  we  have  described  the  Friction  Feed  mechanism  which  insures 
accurate  dujilication  and  by  means  of  the  "Rattler  Gear,"  prevents  idle  machinery. 


3"  X  36"  Flat  Turret  Lathe  for  Bar  and  Chuck  Work — Range  on  bar 
work — up  to  3"  diameter  and  36"  length.     Chuck  work  up  to  14"  swing. 


SPRINGFIELD,  VERMONT 
U.   S.  A. 


JONES  &  LAMSON 


Germany,  Holland,  Switzerland,  Austria-Hungary:  ^L  Koycuiann,  Charlottenstrasse  112,  Dusseldorf,  C.ermany. 


OF  EFFICIENT  MACHINES 


There  are  many  distinctive  features  on  the  Jones  &  Lamson  Turret  Lathes  which  go  to  make 
Turret  Lathe  Efficiency.  These  characteristics  are  the  development  of  more  than  half  a  century  of 
concentrated  effort  in  the  perfection  of  the  turret  lathe. 

In  the  above  illustration  note  part  "C-6o"  called  the  "Rattler  Gear."  This  "Rattler  Gear"  is  an 
ingenious  device  for  notifying  the  operator  when  the  tool  has  finished  the  cut  and  acts  as  a  housing  for 
the  steel  and  brass  rings  "104  and  204"  forming  the  friction  feed  mechanism. 

This  friction  feed  mechanism — used  exclusively  on  Jones  &  Lamson  Turret  Lathes — performs  the 
very  important  duty  of  keeping  a  predetermined  pressure  on  the  cutting  tool  when  the  Turret  Carriage 
or  Cross  Feeding  Head  reaches  the  stop. 

The  pressure  exerted  by  the  Friction  Feed  keeps  the  tool  firmly  against  the  stop  until  the  shoulder 
on  the  work  is  finished  to  exact  size;  then  the  "Rattler  Gear"  notifies  the  operator,  by  means  of  a  click- 
ing noise,  that  the  cut  is  finished.  The  desired  driving  power  of  the  friction  feed  is  governed  by  the  ad- 
justing nut.  No.  95,  which  acts  as  a  binder  on  the  discs  and  once  adjusted,  it  requires  no  further  attention. 

With  other  makes  of  turret  lathes  the  operator  is  obliged  to  perform  the  work  of  the  friction  feed 
on  the  J.  &  L.  and  the  fact  that  he  does  not  exert  a  uniform  pressure  on  each  piece,  partly  accounts  for 
the  variation  of  shoulder  lengths  on  the  finished  work,  therefore,  the  value  of  this  friction  mechanism 
should  readily  be  appreciated. 

The  gear  box  showing  the  multiple,  sliding  gears  in  section,  is  the  unique,  compact,  variable  feed 
mechanism  used  to  obtain  nine  changes  of  feed,  ranging  from  20  to  120  per  inch  and  controlled  by  a 
single  lever  directly  in  front  of  the  operator.  The  mechanism,  controlling  these  multiple  gears,  was 
fully  described  in  The  Journal  of  The  Am.  Soc.  M.  E.  as  noted  on  opposite  page. 

The  advantages  of  a  J.  &  L.  are  so  numerous  that  we  cannot  begin  to  enumerate  in  this  space.  If 
you  are  interested  in  a  turret  lathe  and  desire  further  facts  and  reasons  for  J.  &  L.  supremacy,  send  for 
our  catalogue,  or  better  still,  have  our  representative  call — no  obligations — we're  glad  to  have  the 
opportunity. 


MACHINE  COMPANY 


97  QUEEN  VICTORIA  STREET 
LONDON,  E.  C. 


France  Spain   Belgium-  F.  Aubertv  &  Co  ,  91  Rue  de  Maubeuge   Paris      Italy  W  Vogel,  Milan 
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Drying   Problems 
May  Confront  You 


Our 


Vacuum   Drying  Apparatus 

removes  moisture,  at  lowest  temperature,  rapidly,  thoroughly, 
uniformly,  economically.  Thirty  years  of  experience  in  this 
one   field  of   activity  cannot   help  but   be   of  value  to  you. 


The    thousands   of   installations  in  daily  operation  and  the  many 
repeat  orders  are  the  best  evidence  of  our  claims  to  be  of  service. 

J.  P.  DEVINE  CO. 


1372  Clinton  Street 


Buffalo,  N.  Y. 


Rubber  Conveying  Belt— Laminated  Construction. 

The  Belt  designed  by  a  Rubber  Engineer  \vho  knoAvs 
the  Science  of  Conveying  from  long  practical  exper- 
ience in   various  parts   of   the  world. 


Part  of  an  order  for  32  Rubber  Laminated  Belts,  each  36  inches  wide,  aggregating  13,500  feet 

in  length  and  165,000  lbs.  in  weight. 


A    glance    at    the    foregoing    picture    shows    what    is    thought  of 
Laminated  Rubber  Belt  in  big  business. 

Confer  with  us  and  we  will  give  you  the  benefit  of  our  experience 
and  help  you  solve  hard  and  important  conveying  problems. 

THE  MANHATTAN  RUBBER  MFG.  CO. 

Factories— Passaic,  New  Jersey. 
Offices  and  Agencies  in  all  principal  cities  of  the  World. 


Friction  Clutches        Friction  Clutch  Pulleys 
Friction  Clutch  Couplings 

For  All  Speeds 


Friction  Clutch  Sheave  Wheel 


Friction  Clutch  Cut  Off  Couphng 


Friction  Clutch  with  Sleeve 


Friction  Clutch  with  Ball 
Bearing  Sleeve 


The  illustrations  on  this  page  show  our  standard  line  of 
High-speed  Friction  C'lutches. 

Having  had  29  years'  experience  in  building  Friction 
Clutches  for  all  classes  of  work  we  recently  put  on  the  market 
a  standard  line  of  High-speed  Friction  Clutches  to  meet  all 
requirements  of  leading  Engineers  in  this  and  other  countries. 

The  chief  difficulty  encountered  with  Clutches  for  high 
speed  work  has  been  the  lubrication  problem.  We  have 
eliminated  this  difficulty  and  made  our  Clutch  so  that  it  is 
impossible  for  it  to  throw  oil  due  to  centrifugal  force.  When 
oil  is  thrown  from  a  Clutch  your  Belting  and  other  materials 
are  soon  destroyed.  This  feature  alone  makes  our  Clutches 
especially  adaptable  for  use  in  food  factories,  flour  mills, 
textile  mills,  paper  mills  and  laundries. 

They  are  designed  so  as  to  meet  the  laws  for  preventing 
accidents.  All  moving  parts  are  self-contained  and  free  from 
dust  or  any  foreign  substance. 

The  simplicity  of  construction  of  Moore  &  White  High- 
speed Clutches  makes  expert  mechanical  knowledge  unneces- 
sary to  understand  the  principles  of  adjustment  and  opera- 
tion. The  discs  in  these  Clutches  are  made  of  bronze  and 
thereby  give  a  longer  life  than  wood-filled  Clutches  as  used 
for  ordinary  service  up  to  400  R.P.M.  All  parts  are  inter- 
changeable, designed  for  severe  service,  and  for  operating  at 
the  least  possible  upkeep  expense. 

The  particular  advantage  of  all  Moore  &  White  Friction 
Clutches,  and  the  reason  they  are  used  exclusively  by  many 
leading  engineers,  is  due  to  their  mechanical  stability,  starting 
power,  simplicity. 

When  selecting  a  Friction  Clutch  it  is  well  to  choose  one 
backed  by  a  house  of  established  reputation. 

Our  igi5  Friction  Clutch  Catalog  is  no'w  ready  for  distribu- 
tion.    Send  for  your  copy. 


The  Moore  &  White  Co. 


Established   1885 

PHILADELPHIA,  PA. 


FARREL 


A  group  of  Coil  Friction  Clutches  for 
the  heads  of  Rubber  Mill  Lines. 
The  Coil  Friction  Clutch  is  especially 
adapted  to  the  transmission  of 
High    Povv^er   at   the   slower    speeds 


Catalogue  on   request 


FARREL  FOUNDRY  &  MACHINE  CO. 

ANSONIA,  CONN.,  U.  S.  A. 


Branch  Office:     1011  Williamson  Building,  Cleveland,  Ohio 


NATIONAL 


STORAGE  HEATERS 

were  selected  for  the  new 

Harvard 
Freshman    Dormitories 

by  the  architects  Shepley, 
Rutan  and  Coolidg-e,  and  the 
engineers  Densmore  and  Le 
Clear. 

Nine  National  Heaters  having 
a  storage  capacity  of  2200  gallons 
supply  the  hot  water  for  these 
dormitories  in  which  498  students 
are  living. 


Boston 

54  High  St.' 

New  York 
149  Broadway, 


♦i^^i*- 


48-77 


The  National  Pipe  Bending  Co. 

160  River  Street,  New  Haven,  Conn. 


A  Hard  Part 

of  the  work  at  Panama  has  been  the  dredging  of  the  Culebra  Cut.  The 
picture  shows  a  detail  of  this;  the  raising  of  a  boulder  weighing  50  tons. 
The  dredge  is  equipped  with  Roebling  Blue  Center  Rope. 

This  was  selected  because  the  strength  and  other  qualities  of  Blue 
Center  Rope  are  such  that  it  will  give  better  service  on  a  tough  job 
than  any  other  wire  rope  made. 

For  prices  and  other  information  apply  to  any  address  named  below. 

John  A.  Roebling's  Sons  Co. 

TRENTON,  NEW  JERSEY 


Philadelphia 


Pittsburgh 


Chicago 


Cleveland 


Atlanta 


JOHN  A.  ROEBLING'S  SONS  CO.  of  NEW  YORK 

117-119-121   Liberty  St.,  New  York 


JOHN  A.  ROEBLING'S  SONS  CO.  of  CALIFORNIA 
San  Francisco  Los  Angeles  Seattle  Portland,  Ore. 
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Panama  Canal  Valves 
Tested    to    2500    Pounds 

The  46  Nelson  Steel  Hydraulic  Oper- 
ating Valves  like  those  shown  below 
are  not  only  unique  in  themselves, 
but  serve  one  of  the  most  remarkable 
purposes  for  which  valves  have  ever 
been  built. 

These  valves  are  known  as  "Chain 
Fender  Machine  Operating  Valves." 
They  operate  the  cylinders  that  raise 
and  lower  the  great  chains  that  are 
thrown  across  the  Panama  Canal 
locks  to  prevent  ships  entering  the 
locks  from  coming  in  contact  with 
the  lock  gates. 

Should  a  vessel  get  out  of  control  and  ram 
the  gates,  springing  them  enough  to  prevent 
their  opening,  it  might  block  the  entire  canal, 
and  should  the  impact  be  sufficient  to  drive 
open  the  gates,  permitting  the  water  to 
escape,  the  vessel's  back  would  undoubtedly 
be  broken  on  the  floor  of  the  lock  below. 

The  fender  chains  are  made  from  the  highest 
quality  wrought  iron  bar  3"  in  diameter,  each 
link  tested  to  275,000  lbs.;  the  cylinders,  20 
feet  in  length  and  40  inches  in  diameter,  are 
of  the  finest  steel.  And  consistently,  the 
valves  that  admit  the  water  to  the  cylinder 
through  6-inch  mains  are 

NELSON    Valves 

"A  Safe  Valve  Investment" 

The  working  pressure  in  the  machines  is  to  be 
approximately  150  lbs.,  but  the  valves  were 
constructed  and  tested  to  withstand  a  pres- 
sure of  2500  pounds  per  square  inch  in  emer- 
gency. 

-  Throughout  the  length  and  breadth  of  the 
Canal  each  detail  has  received  the  same  care- 
ful consideration.  No  inferior  product  has 
been  allowed  to  wedge  its  way  in.  The  se- 
lection of  Nelson  Steel  Valves  to  protect  the 
most  important  feature  of  the  entire  canal, 
is  a  splendid  tribute  which  should  impress 
every  user  of  valves  for  anv  purpose  with  the 
truth  that  "NELSON  VALVES"  are  "A 
Safe  Valve  Investment." 

Tell  us  the  purpose  for 
which   you    need    valves 

NELSON  VALVE   COMPANY 

7612-20  Queen  St.  Chestnut  Hill 

PHILADELPHIA 
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Pounds  of  Steam — 
Or  Grate  Area? 

Do  you  decide  the  size  of  steam  and  water 
boilers  by  grate  area — that  vague  measure  of 
capacity — or  by  pounds  of  steam  guaranteed  at 
the  radiators  ? 

Deciding  in  terms  of  grate  area  may  call  for 
a  large  boiler  because  the  fire  surfaces  may  not 
be  of  highest  efificiency.  A  smaller  boiler,  hav- 
ing a  more  effective  form  and  arrangement  of 
fire  surfaces  and  a  better  ratio  of  heating  sur- 
face to  grate  area,  should  supply  just  as  much 
steam  or  hot  water  and  be  less  expensive. 

When  you  specify  size  of  grate  you  ignore 
quality  of  fire  surface;  when  you  specify  boiler 
rating  you  take  advantage  of  good  design. 

The  above  explains  one  reason  for  using. 

Mills 
Water  Tube  Boilers 

They  are  rated  in  pounds  oj steam  supplied  to  the 
radiators,  and  the   water-tube  fire  surfaces  give 
greatest    capacity    with    given    dimensions 
of  grate. 

Catalog  No.  946  can  be  relied  on. 


The  H.  B.  Smith 
Company 

Westfield,  Mass. 


NEW  YORK: 
39  East  Houston  St. 

PHILADELPHIA: 
1225  Arch  St. 

BOSTON: 
138  Washington  St.,  North 


The  water-tube 
construction  with  all 
connecting  nipples  out- 
side— 

makes  it  easy  to  add 
sections  to  a  boiler  if  it 
proves  too  small — 

permits  blanking  ofif  a 
section  if  it  becomes 
disabled — 

eliminates  interior  joints 
in  cramped  places. 
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1000  LBS.  OF  STEAM 

FROM 

6  Cents  Worth  of  Coal 


Convincing  Evidence 

TT  was  done  in  the  steam  plant  of  the  Lafayette  Box,   Board   &  Paper 
Co.,  during  the  test  carried  out  for  the  owners  by  Prof.  C.  H.  Young  to 
determine  whether  or  not  the  Green's  Economizer  was  fulfilling  guarantees. 

The  plant  is  modern  throughout,  containing  four  Stirling  Boilers,   Roney  Stokers,  COj 
machine,  feed  water  meter  and  other  facilities  for  maintaining  and  determining  efficiency. 
The  boiler  heating  surface  amounts  to  12,064  sq.  ft.      Economizer  surface  5760  sq.  ft.  and 
grate  surface  242  sq.  ft. 

The  overall  efficiency  of  four  boilers  and  the  Green's  Economizer  came  out  as  86.16%. 

13-55%  of  the  total  heat  was  recovered  in  the  Economizer. 

The  Economizer  increased  the  boiler  capacity  15%. 

At  55%  overload,  the  overall  economy  exceeded  82%.  Prof.  Young  further  reported  that  the 
Economizer  added  greatly  to  the  capacity  for  carrying  sudden  loads  by  storing  large  quantities  of 
hot  water. 

Green's  Economizer  is  adopted  by  the  leading  engineers  and  for  the  largest  plants,  principally  because 

(1)  It  is  profitable,  and 

(2)  It  is  reliable. 

Green's  Economizer  is  now  used   in  steam  plants  aggregating  over  60,000,000  horse  power 
and  is  the  result  of  70  years  continuous  impro\'ement. 

If  you   are   interested    in   increasing  profits    by  decreasing  costs,    send  for  our  lOO-page 
book  M.  E.-140  on  "Economical  Steam  Power  Plants." 

THE  GREEN  FUEL  ECONOMIZER  CO. 


90     WEST    STREET 


NEW     YORK 


Boston,    Philadelphia,    Springfield,    Mass.,    San     Francisco,    Seattle, 
Chlcatlo,  Rochester,   Atlanta,  Lo»   Angeles.   Salt   Lake   City,   Montreal 

Builders  of  Green'3  Econo- 
mizer, Mechanical  Draft  Ap- 
paratus. Motors.  Turbines  and 
Steam  Engines.  Fans  for  all 
commercial  purposes. 
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SOME    ENGINEERING    PHASES 

The  type  of  underfeed  stoker  which  has  met  withj 
Ifavor,  especially  in  the  larger  power  stations  in  the  Eaat, 
has  its  tuyere  blocks  for  air  admission  inclined  from  the] 
I  front  of  the  furnace  toward  the  bridge  wall,  and  has  Hal 


Klffure  SS — LonRitudlnAl  section  of  underfet^  etok«r,  Taylor  model. 

ctorts  formed  between  the  tuyere  blocks  and  placed  across  ' 
the  front  of  the  furnace.     The  coal  is  fed  to  the  furnace 
from  a  hopper  placed  across  the  front  of  the  furnace, 

llustrated  by  Figure  55.     It  feeds_' 


gravity   tn 


drafU^ 


1  lii-ii' 


r \  -11 
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nl    we 
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[.smaller  installations. 
'  the  hand  cleaned  tvp 


ThisstokerhaMheadvanta^i^^ 
,  that  uriivisiou  has  hciiiiinileTTr 
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Endorsed  by  Experts 

THE    TAYLOR    STOKER 

has  received  emphatic  enoug-h  endorse- 
ment through  installation  and  use  in 
the  generating  stations  and  manufactory 
boiler  plants  of  the  country,— but  it  has  prob- 
ably never  gained  such  positive  published  en- 
dorsement from  an  expert  source  as  appears  in 
the  Bulletin  No.  8,  just  published,  of  the  Mellon 
Institute  of  the  University  of  Pittsburgh,  en- 
titled "  Some  Engineering  Phases  of  Pitts- 
burgh's Smoke  Problem." 

This  is  a  publication  of  over  150  pages  based  on 
a  thorough  investigation  of  157  boiler  plants  in 
Pittsburgh;  the  conclusion  reached  is  that  the 
underfeed  stoker  is  the  best  means  not  only  for 
smoke  elimination  but  also  for  increase  in 
efhciency  and  fuel  economy. 
The  remarks  pointedly  referring  to  the  TAYLOR 
STOKER  are  shown  to  left;  they  need  no  com- 
ment. Only  note  particularly  that  the  TAYLOR 
iT  marked  off  as  superior  to  all  others  because  it 
embodies  the  self-cleaning  principle.  Note  also 
the  judgment  that  all  plants  of  over  300  h.p. 
should,  in  the  statement  of  investigators,  be 
stoker  equipped. 

We  ask  any  Consulting  Engineer, 
manufactory  or  power  station  inter- 
ested in  smoke  elimination  accom= 
panied  by  reduction  in  coal  con- 
sumption and  increase  in  efficiency, 
to  inform  themselves  respecting  this 
system. 

American  Engineering  Co. 

PHILADELPHIA 
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HeatTrangraission 
/Ipparatus 

for  various  industries  and  marine  purposes 


"^         A.     HEATING  AND  COOLING  LIQUIDS         ' 


WATER  HEATERS 

^  T  1.     Closed  type  Boiler  Feed  Water  Heaters.  ■"     —     —     — 

2.  Domestic,  for  Hotels,  Apartment  Houses,  etc. 

3.  Water  Heaters  for  Industrial   Purposes— Laun-  \ 
dries,  Dye  Works,  etc. 

WATER  COOLERS  ^ 

j  1.     Re-cooling  Water  for  Internal  Combustion  Engines.  i 

OIL  HEATERS  _    -      _ 

\  1.     Heating  Fuel  Oil.  f 

2.     Heating  Oil  in  manufacturing  processes. 

OIL  COOLERS 

1.  Re-cooling  Turbine  Bearing  Lubricating  Oil. 

2.  Re-cooling  oil  used  for  cooling  pistons  and  bear- 
ings of  internal  combustion  engines. 

3.  Re-cooling  Electric  Transformer  Oil. 

4.  Re-cooling  oil  from  steel  quenching  tanks. 

i         B.    HEATING  AND  COOLING  GASES 


1.  Combined    Heating,    Cooling    and    Ventilating  ^ 
Thermofans. 

2.  Air  heating  by  steam  for  drying  and  heating.  v 

3.  Air  cooling  by  brine  or  cold  water. 

^         C.    EVAPORATORS  AND  DISTILLERS  ' 


1.     For  producing  boiler  feed  make-up  and  potable 
water  from  salt  or  other  impure  water. 

D.    CONDENSING 


1.    Auxiliary  Steam  Condensers.  "    . 
,                                    2.     Industrial  Vapor  Condensers.               ' 
3.    Natural  Gas  Condensers. 

J    L^J  •  ,      L     

Schutte  SKnErting  Cn 

Pipe /Ipparatus  Dept., 


J   L 


1  r 


J   L 


J   L 
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The  Day  Is  Here 

"  The  day  will  come  when  perma- 
nent soot  blowers  will  be  installed 
with  every  boiler  just  as  stop 
valves  are  installed." 

The  above  paragraph  is  taken  from 
an  article  by  Mr.  Charles H.  Bromley, 
of  the  Editorial  Staff  of  Power. 

Mr.  Bromley  is  right.  Every 
boiler  should  be  equipped  with  a 
permanent  soot  blower. 

The  Heine  Boiler 

Is  always  installed  with  a  complete  and  effi- 
cient soot  blowing  system,  consisting  of  small 
steam  nozzles  inserted  through  the  hollow  stay 
bolts  of  the  rear  header,  with  auxiliary  nozzles 
at  the  top  and  bottom  of  the  front  header. 

This  simple  soot  blowing  system  is  possible  with 

the  Heine  Boiler  because  the  baffling  is  horizontal 

and  the  soot  may  be  blown  parallel  to  the  tubes. 

ncidentally  this  system  requires  no  openings  in 

he  side  walls  of  the  setting  and  thus  eliminates 

OSS  by  air  in-leakage. 


For  information  on  soot  blowing  with  Heine  Boilers,  send 
for    our   special    pamphlet    "Boiler   Cleaning   Logic." 


HEINE   SAFETY 
BOILER  CO. 

2465  East  Marcus  Ave. 
ST.  LOUIS,  MO. 
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CURTIS       TURBINES 


The  12,500  Kw.  turbine  shown  above  is  one  of  several  now  in 
operation  at  the  Hauto  plant  of  the  Lehig-h  Navigation  and  Electric 
Company. 

These  are  the  most  efficient  turbines  of  their  size  so  far  placed  in 
commercial  operation. 

These  machines  are  typical  of  the  standard  line  of  turbines,  cov- 
ering- all  sizes  manufactured  by  the  General  Electric  Company. 

General  Electric  Company 


AtlanU,  Ga. 

Cleveland,  Ohio 

Nashville.  Tenn. 

St.  Louis,  Mo. 

Baltimore.  Md. 

Columbus.  Ohio 

General  Offices:    Schenectady.  N.  Y. 

New  Haven,  Conn. 

Salt  Lake  City,  UUb 

Birmingham  Ala. 

Dayton.  Ohio 

New  Orleans.  La. 

San  Francisco.  Cal, 

Boise,  Idaho 
Boston.  Mass. 

Denver.  Colo. 
Des  Moines,  Iowa 

ADDRESS 

NEAREST     OFFICE 

New  \  ork,  N.  \ . 
Niagara  Falls,  N.  Y. 

Schenectady,  N.  Y. 
Seattle,  Wash, 

Buffalo,  N.  V. 

Detroit,  Mich, 

Omaha,  Neb, 

Spokane.  Wash. 

Butte,  Mont 

(Office  of  Agent) 

Philadelphia,  Pa. 

Springfield,  Mass, 

Charleston.  \V.  Va. 

Duluth.  Minn. 

Indianapolis,  Ind, 

_.^            Los  Angeles,  Cal. 

Pittsb  irgh.  Pa. 

Syracuse,  N.  Y. 

Charlotte,  N.  C. 

Elmira,  N.  Y. 

.lacksonville.  Fla. 

/jjTOt          Louisville.  Ky. 

Portland,  Ore. 

Toledo,  Ohio 

Chattanooga,  Tenn. 

Erie,  Pa. 

JopUn,  Mo. 

(%mi           Memphis,  Tenn. 

Providence,  R.  I, 

Washington,  D.  C 

Chicago,  111. 

Kort  Wayne,  Ind. 

Kansas  City,  Mo. 

^S^            -Mii\\-au.cee.  U  is. 

Richmond,  Va, 

Youngstown,  Ohio 

Cincinnati,  Ohio 

Hurtford,  Conn. 

Knoxville,  Tenn. 

Minneapolis,  Minn. 

Rochester,  N.  V . 

For  Te.xas,  Oklahoma  and  Arizona  business  refer  to  Southwest  General  Electric  Company  (formerly  Hobson  Electric  Co.),  Dallas,  El  Paso. 
Houston  and  Oklahoma  City.    For  Canadian  business  refer  to  Canadian  General  Electric  Company,  Ltd.,  Toronto,  Ont. 


5194 
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ADVANTAGES  OF 

SHORT  BELT  DRIVE  COMPRESSORS 
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Ask  for  a  copy  of  bulletin  3312 


Furnished  complete  from  stock,  with  Motor,  Slide  Rails,  Starter, 
Endless  Belt  and  Short  Belt  attachment.  Regulator,  Foundation  Bolts, 
Washers,  etc.,  ready  to  connect  to  station  wiring^  and  receiver  piping-. 

Maximum  Belt  Contact. 

Tight  Belt  free  from  strains  and  wear  due  to  slippage. 

More  efficient  drive. 

Cost  of  Belt  small. 

Life  of  Belt  doubled. 

Noiseless  in  operation. 

Can  be  moved  and  operated  under  different  electric  conditions  by  changing 
motor  only.  This  is  of  especial  value  to  contractors,  as  in  moving 
from  one  point  to  another,  where  different  electrical  conditions  exist, 
it  does  not  entail  much  delay  changing  motors,  and  the  old  motor 
being  of  standard  commercial  design  finds  a  ready  sale. 

The  initial  cost  is  very  much  lower  compared  with  either  gear  or  chain 
drive. 

Foundation  is  simple  and  inexpensive. 
Less  floor  space  is  required. 

The  compactness  permits  of  its  ready  installation,  requiring  no  accurate 
alignment,  nor  the  services  of  a  skilled  erecting  engineer. 

It  does  not  jar  and  rack  the  working  parts  of  either  compressor  or  motor 
as  gear  or  chain  does. 

INGERSOLL-RAND  COMPANY 


NEW  YORK 
Pneumatic  Tools 


Offices  the  World  Over 
Air  Lift  Pumping 


LONDON 
Rock  Drills 


S6-C 
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Consult  The 

COWDREY  MACHINE  WORKS 

Let  us  build  your  special  ma- 
chine, or  furnish  you  with  machine 
work  on  a  contract  basis,  in  our 
large,  up-to-date  factory.  Our 
forty  years'  experience  in  building 
special  machines  for  knitting  mills, 
paper  making,  wood  working  and 
nearly  every  other  kind  of  purpose 
is  sure  to  be  of  service  to  you. 

We'll  relieve  you  of  every  detail  of  the  manufacturing  end,  leaving  you 
free  to  devote  your  time  to  the  sales. 

We  gladly  submit  estimates  from  blue-prints.     Send  yours  today. 

C.  H.  COWDREY  MACHINE  WORKS,  Fitchburg,  Mass. 

Contractors,  Builders  and  Designers  of  Special  Machinery 


MODEL  280.   Single  Range 
Portable  Voltmeter. 

(One-<]uarter  Size.) 


MODEL  280.  Triple  Range 
Portable  Volt-Ammeter. 

(One-quart€r  Slie.) 


WESTON 

Miniature  Precision  Instruments 
for  Direct  Current 

A  new  group  of  very  small  Indicating  Instruments 
COMPACT  — ACCURATE— DURABLE  — BEAUTIFUL 

PORTABLE 
Voltmeters,  Millivoltmeters,  Volt-Ammeters,  Ammeters,  Mil- 
Ammeters,  are  supplied  in  single,  double  and  triple  ranges. 

The  triple  range  volt-ammeter  comprising  six  instruments  in 

one.      This  group  also  Includes  BATTERY  TESTERS. 

SWITCHBOARD 
Voltmeters      Volt-Ammeters     Ammeters      Mil-Ammeters 

This  new  line  of  instruments  represents  the  latest  development  of  the 
pivoted  moving  coil,  permanent  magnet  type  for  low  ranges. 

The  refinement  of  design  and  mechanical  work  in  them  has  been  carried 
to  a  degree  which  would  appear  to  be  almost  impossible  of  accomplishment, 
if  the  results  were  not  evident  in  the  instruments  themselves. 
They    embody    characteristics  which    have   made    the  well    l^nown    Weston 

Standards  famous  throughout  the  world. 
They  are  accurate,  dead  beat  and  extremely  sensitive. 

They  may  be  left  continuously  in  circuit  at  full  load  without  injury  and  are 
shielded    against    the    external    electrical  and    magnetic  influences   of 
other   apparatus   in   their  vicinity. 
They  are  substantially  constructed  and  may    be  safely   sent  long  distances 
through   the  mails  and  will  withstand  an  extraordinary  amount  of  vibration   without  injury. 
They  have  the  longest  scale  ever  provided  in  instruments  with  equal  length  of  pointer. 
Each  model  has  been  thoroughly  tested  under  the  most  severe  conditions  of  service  and  in  experiments  extending  over  more 

than  one  year. 
The  portable  instruments  may  be  conveniently  carried  in  the  coat  pocket. 
The  prices  have  been  established  upon  so  low  a  scale  that  any  one  may  possess  one  or  more  of  these  remarkable  instruments 

at  moderate  cost. 
If  you  cannot  obtain  the  instruments  desired  from  your  dealer,  write  us. 
The  several  models  and  ranges  offer  a  selection  from  over  300  different  combinations,   listed   in    Bulletin  No.   8.     Will   be 


MODEL  267,  Switchboard 
Ammeter. 

(One-quarter  Size) 


MODEL   ibS,    Switchboard 
Volt-Ammeter.  Reads 

Amperes.  Press  Button  tor 

Volts.    (One-quarter    Sl»e.) 


mailed  upon  request. 


WESTON  ELECTRICAL  INSTRUMENT  COMPANY, 


Stanley  Brown.  114  Liberty  St.,  New 

York  City. 
Badt-WestburK   Eltx.  Co..  832    Mo- 

nadnock  block.  Cblcagu,  III. 
F.  E.  Gilbert.  303-4  H:ile  BIdg..  1326 
Chestnut  Street.  Philadelphia.  Pa. 
Geo.  H.  Moseman,   176  Federal  St., 

Boston.  M.i£S. 


Milton     Mill.    915     Olive    St..     St. 

Louis,  Mo. 
B.  K.  Sweeney  Electrical  Co..  2910 

Huron  St.,  Denver,  Colo. 
Frank    E.   Smith,    682    MUsloo    St., 

San  Francisco,  Cal. 
S.  C.  Dlnsmore.    1933    Dime    Bank 

BIdK..  Detroit.  Mich. 


Walter  P.  Ambos  Co..  1729  East  12ih 

St.,  Cleveland,  Ohio. 
A.  H    Winter  Joyner.   Ltd.,  76  Bay 

St..  Toronto.  Canada. 
Weston   Instrument    Co.,    Ltd.,    Ge- 

neststraase  5.  Schoneberg.  Berlin. 

Germany. 
D.  R.  Peiest.  415  Fourth  Nai'l  Bank 

BIdg.,  Atlunta.  Ga 


Main  Office  and  Works: 
NEWARK.  N.  J. 

Edwin  Wurtham.  Suite  28.  Allison 
Building.  8th  St.,  &,  Main  St.. 
Richmond.  Va. 

Montreal      \ 

V^couver   }         NotThofT,  EfoctTK  CompOlty 

Calgary        )  "-"'"^ 

Weston  Electrical  Instrument  Co.. 
Audrey  House.  Ely  Place,  Hnl- 
born.  London.  E.  C 
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Reduce  Costs  and  Promote  Factory  Efficiency 

Shaw  F.  T.  Electric  Monorail  System 


msTKncTv 


The  Shaw  "F-T"  Electric 
Monorail  System  is  DIF- 
FERENT. 

The  term  "F-T"  signifies  the 
FIXED  TONGUE  in  the  track 
switch — no  moving  part — noth- 
ing to  set — no  open  ends. 

These  distinctive  features  of 
the  Shaw  Monorail  System  es- 
tablish the  SAFETY  and  EF- 
FICIENCY of  the  overhead 
monorail  for  Factory  Trans- 
portation. 

SAFETY— Owing  to  the  ab- 
sence of  any  open  ends  in  the 
track  system,  derailments  are 
impossible  and  no  "safety  ap- 
pliances" are  required. 


The  Fixed  Tongue 
Track  Switch 


Send  for  Our   Illustrated  Bulletin  73-B 


xi> 


EFFICIENCY— No  time  is 
lost  at  the  switches — the  Shaw 
Monorail  Hoist  is  "dirigible" 
and  runs  through  the  switches 
without  stopping — the  operator 
in  the  cab  controls  the  route 
as  well  as  the  hoisting  and 
travel  motions. 

Heretofore  the  weak  point 
in  the  Overhead  Monorail  has 
been  the  track  switch,  but  with 
the  Shaw  System  the  Track 
Switch  is  an  advantage  instead 
of  a  draw-back. 

The  Shaw  "F-T"  Monorail 
Hoist  is  built  with  the  ordinary 
single  lift  or  with  double 
lift  for  handling  long  material; 
also  for  Grab  Bucket  opera- 
tion. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

General  Offices,  119  W.  40th  St.,  New  York,  N.  Y. 
Shaw  Crane  Works:    Muskegon,  Mich. 


Chicago.  111. 
Cincinnati,  Ohio 
Cleveland.  Ohio 
Detroit,  Mich. 


BRANCH  SALES  OFFICES: 
Boston,  Mass. 
Buffalo,  N.  Y. 
Milwaukee,  Wis. 
New  Haven,  Conn. 


Philadelphia.  Pa. 
Pittsburg.  Pa. 
St.  Louis.  Mo. 
San  Francisco,  Cal. 
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Attention  of 
Mechanical  Engineers 

Cutout  this  coupon,  attach 
it  to  your  letter  head  and  we 
win  mall  our  full  set  of  cata- 
logs and  bulletins  Illustrat- 
ing and  describing  the 
Mathews  line  of  Standard 
Equipment,  consisting  of 
Gravity  Conveyers,  Auto- 
matic Elevators.  Gravity 
Roller  Spirals,  Gravity  Spiral 
Chutes,  etc.  Sooner  or  later 
you  will  have  use  for  the  in- 
formation given  in  our  liter- 
ature. 


THE 


MATHEWS 


STANDARD 
ORIGINAL  LINE 
OF  CONVEYERS 


laborSavm^,Cost  Cutting 

CONVEYER 
EOUIPNINT 


For  All  Handling  Purposes 
Specify  MATHEWS'  CONVEYERS 

THE  OLDEST  AND  BEST-KNOWN  LINE 


Gravity  Roller 

Conveyers, 
Power  Conveyers, 
Automatic  Elevators, 

(Strnlght-lift  and  inclined) 

Gravity  Roller  Spirals, 
Gravity  Spiral  Chutes, 
Straight  Chutes, 
Etc. 


Branch  offices  in  all  leading 
American  cities  with  compe- 
tent consulting  engineers  in 
charge. 


^:w''£E:^  MilHEWS  INCLINED ^UTOHAriC£lEMO| 


Main  Office  and  Factory 

Ellwood  City,  Pa. 


Banch  Factories: 
TORONTO,  ONT 
LONDON.  ENG. 


The  world's 
greatest  load 

is  carried  by 

Goodrich 


liiiin 


at  lowest  tonnage  cost 

Great  plants  all  over  the  earth  are  persistent 
users  of  these  efficient,  power-saving,  long-lived 
belts.     Performance   is    their    highest    recom- 
mendation.    We  will  gladly  refer  you  to 
plants  which  are  finding  ovlr  belts  best. 


Goodrich  Products : 

Conveyor  Belts 
Elevator  Belts 
Transmission  Belts 
Hose — All  Kinds 
Packing 
Valves,  etc. 


The  B.  F.  Goodrich 
Company 

Factories:  Akron,  Ohio 

Branches  in  All 
Principal  Cities 


# 


There  is  nothing  in    Goodrich 

Advertising  that  isn't  in 

Goodrich  Goods 
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Steel  Mine  Ties 

Car  Hauls 

Car  Retarders 

Self  Oiling  Wheels 


FAIRMONT 

COAL  MINE  EQUIPMENT 


Power  Coal  Augers 

Box  Car  Loaders 

Portable    Mine    Pumps 

Mine  Fans 


Eliminates  Spilling  and  Saves  Labor 


Irrespective  of  weather,  slip- 
pery tracks  or  bad  brakes,  the 

FAIRMONT 

Railroad  Car 

Retarder 

gives  the  dumper  on  the  tipple 
complete  control  of  the  cars  to  be 
loaded. 

Easy  to  install  and  operate.  Ef- 
fects saving  in  labor,  often  en- 
abling owners  to  dispense  with  the 
services  of  one  man. 
Feeds  the  cars  regularly  and  pre- 
vents spilling  of  coal  over  tracks. 
Soon  pays  for  itself. 

Write  for  Bulletin  Xo.  lo. 


6  Retarders  on  this  tipple  of  Four  Stares  Coal  &  Coke  Co. 


Fairmont  Mining  Machinery  Co.,  Fairmont,  W.  Va. 
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NOTICE 

THE 
SPRING-HELD    VALVE 


SURPLUS     ELXHAUST 

PUPiFif^o  or  OIL 


NTERiOR 

nr  heater/ 


PURIFIED  EXHAUST 


DQiP  FROM   SEPARATOR 
TO    STEAM    TRAP 


IT  protects  you  against  explosion.  With  the  ordinary 
open  heater  and  receiver  installed  with  a  gate  valve, 
or  with  so-called  cut-out  valve  heaters  in  which  disk 
or  fiat  valves  are  employed,  there  is  always  danger  from 
the  accumulation  of  excessive  pressure  within  the  heater 
as  from  the  discharge  of  live  steam  traps,  etc.,  when  it  is 
cut  out  of  circuit. 

With    the   Cochrane    Steam-Stack  and  Cut-out    Valve 
Heater  and  Receiver,  any  accumulation  of  pressure  within 
the   heater    is    instantly    relieved    by    the   springs  which   hold   the   steam 
valve    to    its    seat. 

The  great  revolution  which  the  Steam-Stack  Heater  has  effected  in 
the  methods  of  installing  exhaust  steam  heating  and  drying  systems  is  due 
to  the  fact  that  it  makes  unnecessary  any  independent  separator  for  purifying  the  exhaust 
steam  passing  from  the  heating  system,  at  the  same  time  eliminating  a  number  of  valves,  tees 
elbows,  etc.,  so  that  from  $50  to  $500  is  saved  on  each  installation. 

Send  for  our  new  208-page  "Exhaust  Steam  Heating   Encyclopedia.** 


HARRISON  SAFETY  BOILER  WORKS 


3199  N.17lh  St. 
Philadelphia. Pa. 


^ 
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Jenkins   Bros.  Valves 

for  Modern  High  Pressure 
Power  Plant  Service 


High  Pressure  adds  unusual  wear  and 
tear  to  the  ordinary  requirements  of  a 
valve.  It  is  not  alone  important  to  con- 
sider what  test  pressure  a  valve  will  bear, 
but  also  to  know  under  what  working 
pressure  a  valve  can  safely  be  used  in 
constant  service.  Jenkins  Bros.  Valves 
were  very  carefully  designed,  mindful  of 
the  importance  of  having  every  part  fully 
capable  of  withstanding  the  severe  stresses 
incident  to  high  pressure  service.  The  iron 
body  \-alvcs  as  illustrated,  Jenkins  Bros. 
Extra  Heavy  Globe  Valves,  Flanged, 
with  By-Pass,  are  guaranteed  entirely 
suitable  for  working  steam  pressures  up 
to  250  pounds,  with  an  ample  factor  of 
safety,  and  tested  up  to  800  pounds  hy- 
draulic pressure.  The  bodies,  yokes  and 
disc  holders  are  made  of  high-grade  cast 
iron;  the  spindles,  renewable  seat  rings 
and  renewable  discs  of  durable  steam 
metal  composition. 

For  hif}i  pressure  superheated  steam 
these  valves  are  made  with  bodies  and 
yokes  of  cast  steel,  and  the  spindles,  seat- 
rings,  and  disc-rings  of  Monel  Metal. 
The  Cast  Steel  valves  are  suitable  for 
working  steam  pressures  up  to  350  pounds, 
and  total  temperature  of  800  degrees  F. 

Write  for  catalog  descriptive  of  the  complete  line  of 
Jenkins  Bros.  Valves  and  Mechanical  Rul/ber  Goods 


The  Diamond 

Trade  Mark 

Is  Your  Protection   ^^«^/<w^*^ 

Jenkins  Bros. 

New    York,  Boston,  Philadelphia,  Chicago 

Jenkins  Bros.,  Limited,  Montreal,  P.  0-.  London,  E.  C. 
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IS 
100,000,000  gal. 

DE  LAVAL 

Steam-Turbine-Driven 
Centrifugal    Pump 

is  installed  for  water  works  ser- 
\ice  in  a  large  city.  It  was 
chosen  in  preference  to  all  other 
types  because  of  the  lower  an- 
nual operating  expense,  includ- 
ing both  steam  cost  and  interest, 
upkeep  and  depreciation  charges. 
It  does  not  require  a  large  and 
expensive  building,  nor  heavy 
and  costly  foundations.  Be- 
cause of  the  absence  of  vibra- 
tion, it  can  be  operated  at  full 
capacity  when  jacked  up  on 
blocks,  as  shown  in  the  picture. 
Because  of  the  absence  of  plun- 
ger packings  and  valves,  the 
efficiency  will  be  maintained, 
and  expense  for  attendance  and 
repairs  reduced.  All  parts  sub- 
ject to  wear  are  interchangeable 
and  are  cheaply  and  quickly 
renewable. 

If  interested  in  pumping  matters,  send 
for  our   new    .fOO-page    Treatise    B58. 

DE  LAVAL 

Steam  Turbine  Co. 

Trenton,        N.  J. 
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Send  for  Catalog  No.  8 
showing  the  full  line  of 
Davis     Valve     Specialties. 


The  Davis  Reducing  Valve 

FOR  automatically  maintaining  less 
than  boiler  pressure  on  your  heating 
system,  cooker,  dry-kiln,  pump,  small 
engine  or  other  apparatus,  you  want  a 
Davis  Reducing  Valve. 

This  well  designed,  accurately  made  valve  has 
a  successful  record  of  forty  years  back  of  it.  It 
was  the  first  good  reducing  valve  made  in  this 
country  and  it  is  more  in  demand  today  than 
any  other  make. 

Simphcity  makes  for  efficiency.  This  valve 
has  no  diaphragm,  springs,  toggles,  packing  or 
small  ports.  Its  principle  of  operation  is  the 
balancing  of  pressure  by  counter-weights^the 
simplest  and  most  dependable  construction  pos- 
sible. 

Having  a  perfectly  balanced  disk,  the  Davis  Regulator 
is  not  affected  by  fluctuations  in  the  high  pressure.  It 
will  maintain  a  constant  reduction  to  within  a  fraction  of 
a  pound,  regardless  of  variations  in  the  boiler  pressure. 

Get  a  Davis  the  next  time  you  buy  a  reducing  valve. 
It  is  fully  guaranteed. 

G.    M.    Davis     Regulator     Company 

439  Milwaukee  Ave.  Chicago,    Illinois 

New  York        Boston        Pliiladelphia        Pittsburgh         San  Francisco 


lUNKENHtiMEif 

"VICTOR"    GATE   VALVES 

Made  in  Medium  and  Extra  Heavy  Bronze  Patterns;  Standard,  Medium, 
Heavy  and  Extra  Heavy  Iron  Body  Bronze  Mounted  Patterns,  and  in 
"Puddled"  Semi-steel  and  Cast  Steel ;  with  Rising  Stem  and  Yoke,  or  Sta- 
tionary Stem ;  with  or  without  By-pass,  in  all  standard  sizes  and  for  various 
pressures. 

The  complete  line  of  Lunkenheimer  High  Grade  Engineering  Specialties 
includes,  besides  the  above,  Bronze  and  Iron  Body  Bronze  Mounted 
Globe,   Angle,   Cross,   Check,   Non-return   Boiler  Stop,  Throttle,    Blow-off,  \ 

Pop  Safety,  Relief,  Screw  Down  Check  Valves,  etc.;  Water  Columns,  Gauges     P"^ 
and  other  Boiler  Mountings;  Whistles  and  Ground  Key  Work  of  all  descrip- 
tions; Injectors,  Ejectors,  Lubricators  and  Lubricating  Devices;  Oil  Pumps, 
Oil  and  Grease  Cups;  Gas  Engine  Specialties,  etc. 

Your  local  dealer  can  furnish  them;  if  not,  write  us. 

For  a  complete  description  of  the  entire  line,  see  Lunkenheimer  Catalogue 
No.  50.     Write  for  a  copy. 

IH£  LUNKENHEIMER  ££. 

^-."QUALITY"—- 

Largest  Manufacturers  of  High   Grade  Engineering  Specialties  in   the   World 

CINCINNATI,  OHIO 

New  YorK  -  Chicago  -  Boston  -  London 
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Venturi   Accuracy   is   Demonstrated 
the  Leading  Technical  Schools 


in 


The  fact  that  the  leading  tech- 
nical schools  and  colleges  through- 
out the  countr>'  have  permanent 
Venturi  testing  equipment  in- 
stalled illustrates  their  high  opin- 
ion of  this  form  of  measurement 
for  boiler  feed  and  other  service. 
The  illustration  shows  the  stu- 
dents of  Drexel  Institute  at 
Philadelphia,  demonstrating  the 
high  accuracy  of  the  Venturi  by 
weighing  the  feed  water  on  plat- 
form scales.  A  2"  Venturi  Meter 
Tube  connected  with  a  Type  M 
Indicator-Recorder  performs  the 
dual  service  of  continuously  check- 
ing the  efficiency  of  the  boilers  and 
also  providing  an  instructive  exer- 
cise in  power  plant  economy  This 
meter  has  been  installed  since  1912 


and  its  two  years  of  service  meas- 
uring hot  water  at  very  high  tem- 
jjeratures  is  proof  of  Venturi  ac- 
curacy and  durability. 

Among  other  well  known  Ven- 
turi-equipped  technical  schools 
and  colleges  are: 

Massachusetts  Institute  of  Tech- 
nology 
Worcester  Polytechnic  Institute 
Lehigh  Institute 
Harvard  University 
Brown  University 
Case  School  of  Applied  Science 
Michigan  Agricultural  College 
University  of  Texas 
University  of  Illinois 
Leland-Stanford  University 
Johns  Hopkins  University 


Students  Testing  Venturi  Meter  at  Drexel   Institute,  Phila. 


L 


Why  not  avail  yourself  of  the  experience  of  these  laboratories?     A  Venturi  meter  would 
improve  your  boiler  plant  economy.   Write  for  Bulletin  No.  68  M.    Yours  without  obligation. 

Builders  Iron  Foundry,     "Builders  of  the  venturi,"     Providence,  R.  I. 

New  York  Pittsburgh  Chicago  San  Francisco  Portland  Seattle 


THE   NASH  ENGINE 


For  27  years  tHe  leader 

in  Vertical  Gas 
Engine  Design 


Specially  adapted  for 

Electric  Generation 
Water  >VorKs 

and  high  grade 
Power  Plants 


National  Meter  Company 


CHICAGO 


NEW  YORK 


BOSTON 
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Lagonda  multiple  strainerS 

Pay  Interest  on  the  Investment 

171511,  leaves,  sticks  and  other  solids  in  the  supply  water  clog  the  water 


boxes  and  tubes  of  condensers,  and  decrease  the  condensing  surface 
and  volume  of  water  passing  through  the  condenser.  A  drop  in  the 
vacuum  and  a  reduction  in  the  load  capacity  of  the  plant,  is  the  result. 
Clogged  condensers  of  reduced  capacity,  or  those  that  have  to  be  shut 
down  for  cleaning,  do  not  pay  interest  on  the  investment.  Constant, 
efficient  operation  for  any  machine  means  dividends. 

With  a  Lagonda  Multiple  Water  Strainer  in  the  supply  line,  the 
water  flows  through  straining  baskets,  which  removes  all  solids  and  pre- 
vents their  passing  on  to  the  condensers  and  pumps. 

The  straining  baskets  in  operation  have  an  effective  straining  area  of  two  to  four  times 
that  of  the  supply  line.  Each  basket  can  be  removed  for  cleaning  and  carried  away  to  be 
emptied,  without  interruption  to  the  operation  or  causing  a  dirty  mess  around  the  machine. 

Lagonda  Multiple  Strainers  are  built  in  sizes  from  2"  to  48"  for  all  types  of  pumping 
engines,  condensers  and  general  service  pumps. 

Write  for  Bulletin  R-2. 


DALLAV 
PkUL  UONTTttAl.  UXUOI 


Makers  of  Lagonda  BoiUr  Tube  Cleaners,  Automatic  Cut-off 

Valves,  Reseating  Machines,  Boiler  Tube  Cutters 

and  Water  Strainers 


Removing  basket  lor  cleaning 
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A  Visit   to    the   Power   Plants 

of  the   largest   and   best-known    manufacturers   in   the   country   will    show  you   that 

GOULDS  POWER  PUMPS 

are  the  choice  wherever  engineers  are  employed  to  keep  down  maintenance  and  operat- 
ing costs  and  to  insure  uninterrupted  service. 

That's  why  such  concerns  as 
WESTERN  ELECTRIC  COMPANY— World's   largest  manufacturer  of  telephone  apparatus 
GENERAL  ELECTRIC  COMPANY— World's  largest  electrical  manufacturer 
TIMKIN  ROLLER  BEARING  COMPANY— World's   largest   manufacturer  of  roller  bearings 

and  many  others  of  world  wide  reputation  are  Goulds  Pump  users.     If  you  want  the 
same  pump  service  these  manufacturers  get  all  you  need  do  is  specify  Goulds. 

Ask  for  copy  of  our  book  "How  and  Where  Pumping  Costs  Can  Be  Reduced." 


Partial  vieic  of  the  15b 
acre,  Hawlhotne.  Ill,, 
plant  of  the  Western 
Electric  Company, 
largest  manufacturer  of 
telephone  apparatus  in 
ttie  jcorld. 


•~! 


The  Goulds  Manufacturing  Company 


78  West  Fall  St. 


Seneca  Falls,  N.  Y 
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"Eliminate  Soot 
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If  you  don't  do  it  NOW,  the  time  is  coming  when 

you  will. 

("harlcs  Bromley,  one  of  the  best  known  engineering  writers, 
in  the  April  14th  issue  of  Power,  says,  "The  day  will  come 
when  permanent  SOOT  BLOWERS  will  be  installed  with 
every  boiler,  just  as  stop  valves  are  installed." 

THE  VULCAN  SOOT  CLEANER 

is  the  quickest,  easiest  and  most  economical  way  yet  devised 
for  getting  rid  of  Soot.  It  increases  efificiency  and  decreases 
liability.  It  is  scientifically  designed  to  obtain  a  thoro  dis- 
tribution of  steam.  All  pipes  are  placed  where  the\-  are 
unaffected  by  the  heat.    The  Vulcan  is  Fully  Guaranteed. 

Our  book,  "Economical  Steam  Production"  goes  right  into 
the  soot  problem. 


Write  for  it  today. 


VULCAN  SOOT  CLEANER 

Used    for    Kliminating    Soot    at    Potomac 
Electric    Power    Co.,    Washington,    D.  C. 


G.  L.  SIMONDS  &  CO. 

Salesmen  in  all  principal  cities 


228  So.  La  Salle  Street 
CHICAGO 


Hamilton-Corliss  Engine 

Installed  in  a  power  plant  is  a  guarantee  for  successful  and  economical 
operation  combined  with  Reliability,  Economy,  Noiseless  Operation 

and  Perfect   Regulation.     That  is  the 
-h^'imm  Lo^^i     reason  why  the  most  exacting  users  of 
steam  engines  select  our  make  of  engine. 
Our  experience  covers  a  long  period  of 
v^-^^  time  dating  back  almost  to  the  incep- 
Tandem  Compound  coruss  Roiung M.ii  Engine       ^ion  of  the  CoHiss  idea  of  valve  control . 

Why  not  benefit  by  our  experience?      Our  large  corps  of  expert 
Engineers  is  at  your  service  and  we  can  adapt  our  engines  to  any 

kind   of   service.  WrUe   for   Bulletins. 

The  Hooven,  Owens,  Rentschler  Co. 

Offices   in    all   large   cities  Hamilton,     OhlO 
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Counter-Current  Jet  Condenser 

With  Complete  Turbine-Driven  Auxiliaries 

The  photograph  below  shows  the  latest  improvement  in  counter- 
current  jet  condensers  of  the  well-known  Wheeler  Rectangular  Rain 
Type.  The  steam  entrance  is  at  the  top,  permitting  the  location  of 
the  condenser  beneath  the  turbine. 

The  entire  auxiliaries  are  grouped  beneath  the  condenser  and  are  driven 
by  one  turbine  located  in  the  center.  At  one  end  is  the  tail  pump  and  at  the 
other  the  Turbo  Air  Pump.  The  tail  pump  is  of  the  submerged  type,  insuring 
the  removal  of  the  water  under  the  most  adverse  conditions  of  entrance  head. 
The  Turbo  Air  Pump  is  of  the  well-known  Wheeler  type  with  large 
capacity  for  free  air  and  ability  to  maintain  the  vacuum  under  abnormal  air 
leakage. 

For  further  information  on  Wheeler  Rain  Type  Counter- 
current  Jet  Condensers,  send  for  our  new  Bulletin   J-107. 
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THE  VALVE  SEAT  TELLS  THE  STORY 

IN  BLOWING  ENGINES  AND  COMPRESSORS  FOR 
AIR  AND  GAS,  FREE  VALVE  AREA  DETERMINES 
THE  EFFICIENCY  AND  SAFE  ECONOMICAL  PISTON 
SPEED. 

THE  LARGE  FREE  AREA  OF  THE  MESTA  PLATE 
VALVE  (IVERSEN  PATENT)  IS  SHOWN  BY  THE 
DARK  SECTION  IN  THE  ILLUSTRATION.  IT  IS 
MADE  POSSIBLE  BY  THE  METHOD  OF  PER 
MANENTLY  FASTENING  THE  SPRING  AND  VALVE 
PLATE  TOGETHER,  WITHOUT  TAKING  UP  ANY 
AVAILABLE   FREE   AREA. 

COMPARE  THE  FREE  AREA  OF  OUR  VALVE  SEAT 
WITH  THAT  OF  .ANY  OTHER  PLATE  VALVE  ON 
THE  MARKET,  REFERRING  BOTH  TO  THE  SAME 
OUTSIDE  DIAMETER  OF  VALVE. 

MESTA  PLATE  VALVES  ARE  SUITED  EQUALLY 
WELL  FOR  HIGH  SPEEDS  AND  FOR  LOW  SPEEDS. 
THE  VOLUTE  SHAPE  OF  THE  SPRING  AND  THE 
RELATIVE  PROPORTIONS  OF  THE  VAL\E  PL.\TE, 
SEAT,  AND  GUARD  MAKE  POSSIBLE  REMARKABLY  LOW  SPEEDS  WITHOUT  FLUTTERING  OF  THE  VALVE. 


(WRITE  FOR  BULLETINS  H,  Ha  &  N) 


MESTA   MACHINE    COMPANY 

PITTSBURGH,  PA.,  U.  S.  A. 

DESIONERS  AND  BUILDERS  OF  QAS  AND  STEAM  ENGINES    ROLLING  MILL  MACHINERY    CONDENSERS    AIR  COMPRESSORS,  ETC. 
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NORDBERG 

Poppet  Valve  Engines 


THE  Nordberg  Mfg.  Co.  has  built  Poppet 
Valve  Engines  for  high  steam  pressures 
and  superheat  for  over  20  years. 

Some  of  the  first  engines  built  are  still  in 
operation. 

Recently  a  large  number  of  Poppet  Valve 
power  engines  hav'e  been  built  for  modern 
requirements  of  high  boiler  pressures  and 
superheat.  Economies  are  guaranteed  of 
16  to  22  pounds  per  horse  power  hour, 
non-condensing,  depending  upon  the  boiler 
pressure,  back  pressure  and  superheat,  and 
10  pounds  per  horse  power  hour,  for  com- 
pound condensing  engines  with  high  boiler 
pressure,  superheat  and  26"  vacuum. 

Compound  engines  have  high 
pressure  cylinders  of  the  poppet 
type,  and  low  pressure  cylinders 
of  the  Corliss  type,  this  combina- 
tion giving  the  highest  combined 
efficiency. 

For  further  information  on  Nord- 
berg Poppet  Valve  Engines,  send  for 
our  New  Bulletin  25.  Also  ask  for  Bul- 
letins on  Corliss  and  Uniflow  Engines. 


The   Nordberg    High  Speed   Poppet   Valve   Engine,  single-cylinder,  non-condensing 


Nordberg    Mfg. 
Company 

Milwaukee,  Wisconsia 

Manulacturers  of  High  Efficiency  Cor- 
liss Engines;  Uniflow  Engines;  Poppet 
Valve  Engines;  Air  Compressors;  Blow- 
ing Engines;  Hoisting  Engines;  Pump- 
ing Engines;  and  other  machinery.      9 


NORDBERG 


T 


MACHINERY 


FULTON 

Oil  and  Steam  Engines 

Are  Backed  by  Our  Reputation  for  Reliability 
** Sixty  Years  of  Successful  Manufacturing'* 

We  build  our  machinery  complete  in  our  own  plant.  Long-  ex- 
perience has  demonstrated  the  proper  materials  to  be  used  in  our 
castings  and  our  workmanship  is  of  the  highest  class. 

Fulton=Tosi  Oil  Engines,  Diesel  Type 

FuIton=Corliss,  Medium  and  High  Speed  Engines 

Write  for  Oil  Engine  Bulletin  "A." 

FULTON  IRON  WORKS 


1259  Delaware 


ST.  LOUIS,  MO. 
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I.  P.  MORRIS  COMPANY 


PHILADELPHIA,  PA. 


Specialists  in  the  Design  and  Construc- 
tion of  High  Class,  High  Power,  and 
High  Rfficiency  Hydraulic  Turbines 


Illustration  shows  one  of  six  turbines  designed  and 
built  for  the  Laurentide  Company  Ltd.,  Grand  Mere, 
P.  Q.,  Canada.  Unit  is  of  the  single  runner,  vertical 
shaft  type,  with  cast  iron  pit  liner.  Volute  casing  and 
draft  tube  are  formed  in  the  concrete. 

The  I.  P.  Morris  Company  have  built  or  have  under 
construction  turbines  of  this  type  aggregating  472,700 
horse-power. 

Inquiries  for  turbines  requiring  special  design  will  be 
given  every  attention. 


20,000  H.  P.  TURBINE  >^ 
Head  76  feet.  Speed  120  R.  P.  M. 

Most  powerful  Turbines  of  this  Type  ever  built 


De  La  Vergne 
Oil  Engines 


Type  FH  Oil  Engine 
Send  for  Bulletin  No.  132 


Have  been  developed  over  a  period  of 
twenty  years  in  the  United  States  to 
meet  American  conditions. 

Heavy  Mexican  crude  oil  with  sulphur  up  to 
2>yi.%  is  the  cheap  American  fuel. 

Specially  trained  operating  engineers  are  ex- 
pensive. The  De  La  Vergne  engine  has  been 
highly  developed  and  will  burn  this  cheap  fuel 
and  operate  with  only  ordinary  attention. 

We  guarantee  when  operating  at  three-quar- 
ters or  full  load  of  fuel  consumption  of  one-half 
pound  (r&  of  a  gallon)  per  Brake  Horse  Power 
Hour  of  any  commercial  fuel  or  crude  oil  pro- 
duced in  the  United  States  or  Mexico. 

The  economy,  the  ability  to  burn  the  heaviest 
fuels  and  the  simplicity  of  the  De  La  Vergne  en- 
gine make  it  the  ideal  source  of  power  for  fac- 
tory service,  electric  installations,  ice  plants  and 
isolated  stations  of  every  description. 

We  build  engines  from  12  to  800  H.  P. 

As  many  as  eight  successive  orders  compris- 
ing forty-two  engines  in  all,  have  been  placed 
by  a  single  customer  for  his  own  use — proof 
positive  of  satisfactory  service. 


De  La  Vergne  Machine  Company 


1123  E.  138th  Street 


New  York  City 
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Rice  &  Sargent  Engine 


Corliss  Type 


Horizontal  Simple  Rice  &  Sargent  Engine  Direct 

Connected  to  an  Alternating  Current 

Generator  at  150  R.P.M. 

Engines  of  this  type  are  ideal  equipment  for  sizes 
up  to  500  Actual  K.W. 

Designed  and  built  by 

Providence  Engineering   Works 

Main  Office  and  Works,  Providence,  R.  I. 


C.  H.  Wheeler  Condensers 

We  guarantee  our  apparatus  to  maintain  a  vacuum  as  close  to 

absolute  as  Is  commercially  possible,  and  with  the 

lowest  operating  and  maintenance  cost. 

Tlie  C.  H.  WHEELER  "High  Efficiency  "  System 
of  Steam  Auxiliaries  includes  : 

C.  H.  WHEELER  High  Transmission  Surface  Condensers. 

C.  H.  WHEELER  Counter  Current  Central  Barometric;  and  High 
Vacuum  Low  Level  Jet  Condensers. 

C.  H.  WHEELER-PRATT  "ROTREX"  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-MULLAN  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-THYSSEN  Hydraulic  Entrainment  Type  High- 
Speed  Vacuum  Pumps. 

C.  H.  WHEELER  IMPROVED  Rotative  Dry  Vacuum  Pumps. 

C.  H.  WHEELER  Centrifugal  Pumping  Machinery,  all  capacities, 
Belt.  Engine.  Turbine  or  Motor  driven. 

C.  H.  WHEELER-PRATT  Water  Cooling  Apparatus.  Forced  and 
Natural  Draft  designs.  Sold  on  efficiency,  durability  and  low 
maintenance  guarantees. 

C.  H.  WHEELER  Improved  Closed  Feed  Water  Heaters  for  primary 
or  auxiliary  service. 

C.  H.  WHEELER  Vertical  Enclosed  Self-Lubricating  Engines. 

C.  H.  WHEELER  Atmospheric  Exhaust  Valves. 

Multiflex  Automatic  Relief  Valves. 

Expansion  Joints. 

"  Everything  but  the   Turbine  " 

G.  H.  WHEELER  MANUFACTURING  CO. 

PHILADELPHIA,   PENNA. 


Automatic  Control 

Wherever  there  is  a  manu- 
facturing process  in  which  heat 
or  time  or  pressure  is  a  factor, 
the  TagHabue  System  of  Auto- 
matic Control  will  save  fuel, 
lighten  labor  costs,  practically 
eliminate  waste,  improve  the 
quality  of  the  product,  and  ab- 
solutely guarantee  its  uniform- 
ity. 

Tagliabue  Controllers  usually 
earn  their  cost  in  a  few  months, 
and  they  last  a  life-time. 

If  you  will  tell  us  what  you 
make,  we  will  give  you  not  only 
the  successful  experience  of  other 
manufacturers,  but  complete  de- 
tails of  the  solution  of  your  own 
temperature  problems. 


ClxJ.TAGLIABUE  MFG. CO. 


TEMPERATURE  ENGINEERS 

18  to  88  Thirty-Third  St.,  Brooklyn,  N.  Y. 


Brown  Pyrometers 


New  York 

Boston 


Plttaburgh 

Clevekitjd 


BRANCHES 
Cbtcogo  San  Francisco       New  Orleans 

ClDclnnatl      Charlotte  Honolulu  T.  H. 

■■■■■■iiniavaniiiiaiiBiB^^^^^ 


Are  used  for  measuring  temperatures 
from— 200°  to  +3600°  Fahrenheit. 
Over  4000  Brown  Electric  Pyrometers 
are  in  general  service,  under  the 
most  severe  conditions.  Our  56-page 
Catalogue     would     interest    j'ou. 

THE  BROWN  INSTRUMENT  CO. 

PHILADELPHIA,   PA. 

NEW  YORK  PITTSBURQH  CH1CA(i<) 

■Illllllli!!!BI!IBl«IIBllli«illBI»^^^^^ - - --— ■ -  ■- - 
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You  Can  ''See  "  It 

TEXACO  HONOR  OIL  can  be 
"seen"  on  the  guides  and  on  the  ends 
of  bearings. 

It  cannot  be  rubbed  off,  squeezed 
out,  or  splashed  off  from  bearing  sur- 
faces. It  is  a  thorough  lubricant  with 
the  proper  body. 

TEXACO  HONOR  OIL  is 
ready  for  the  work  as  delivered.  It 
banishes  for  all  time  the  expensive 
and  all  too  prevalent  practice  of 
"doping"  up  machine  oils  with  costly 
cylinder  oil. 

Find  out  more  about  TEXACO 
HONOR  OIL.  It  comes  from  a 
fine  family. 

£o_THE  TEXAS  COMPANY 

DEPARTMENT  M.  E. 

17  Battery  Place  New  York  City 


TEmco 


Upper  Runs  of  the  two  "Hunt"   Noiseless  Pivoted  Bucket  Con- 
veyors.   L.  S    and  M.S.  Railway  Co.  Coaling  Station.  Toledo.  Ohio 


The  "Last  Word"  in 
Locomotive  Coaling  Stations 

EQUIPPED  WITH 

"HUNT^^  MACHINERY 

C.  W.  HUNT  CO.,  Inc. 

West   New   Brighton,    N.  Y.,    U.  S.  A. 

45  Broadway,  N.  Y.  City  Fisher  BIdg.,  Chicago 

Evans  Building,  Washington 


Putting 
Betson's 
Plastic 
Fire  Brick 
In  Place 

For  further  informa- 
tion regarding  these 
One  Piece  Linings  see 
page  75  of  the  1914 
edition  of  Condensed 
Catalogues  of  Me- 
chanical Equipment, 
published  by  The 
American  Society  of 
Mechanical  Engi- 
neers. 

Betson's  One  Piece 
das  and  Air  Tight 
Linings  have  shown 
I  lieir  superiority 
h  r  o  u  g  h  years  of 
nntinuous  service. 
I  roving  their  econo- 
my in  cost  of  upkeep 
ind  low  fuel  con- 
sumption. 


Betson  Plastic  Fire  Brick  Co. 

Box  7312  Rome,  N.  Y. 


■Ill  I 

■  IB 


III   H 
III 


COCHECO 

Our  First  Grade,  Back- 
bone Center  Stock  Belt 

IT  i.s  impossible  to  build  a  better  belt  than  our  Cocheco. 
hito  this  grade  go  the  finest  leather  and  the  most  care- 
ful and  expert  workmanship  possible  to  imagine. 
Since  we  started  making  Cocheco  "I  years  ago  we  have 
held  it  at  the  same  high  standard,  refusing  at  all  times  to 
attempt  to  meet  vicious  price  cutting  by  lowering  its  qual- 
ity. Belt  buyers  know  that,  whether  procured  last  year, 
this  year  or  next  year,  the  quality  is  always  the  same. 

It  is  not  low  priced  belting,  neither  is  its  cost  exorbi- 
tant. We  simply  put  into  this  belting  the  very  best  of 
stock  and  workmanship  and  sell  it  on  the  closest  of 
margins.  Belting  buyers  everywhere  testify  to  its  economy 
and  reliability. 

I.  B.  WILLIAMS  &  SONS 

DOVER,  N.  H. 


72  MURR.-^Y  ST. 

New  York 


14  x.  fr.axkli.n  st. 
Chicago 


157  summer  st. 
Boston 


liini 
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6-Arni  I'rlctloQ  Clutch  CoupUne 

FALLS  Transmission  Machinery  is  the  result 
of  a  generation  of  technical  research  for  ob- 
taining proper  efficiency.  Falls  Clutches  are 
dependable  with  minimum  frictional  losses. 

Full  and  complete  line  of 
Bearings,  Couplings,   Head  Shaft  Hangers, 
Floor  Stands,         Base  Plates,        Etc., 

Designed  for  service  and  durability. 

Our  Engineers  are  specialists  on  equipments  for  the 
economical  distribution  of  power,  and  are  always  at  your 
service. 

FALLS  CLUTCH  &  MACHINERY  COMPANY 

CUYAHOGA  FALLS,  OHIO 

(Branches) 

NEW  YORK  CITY  BOSTON.  MASS.  CINCINNATI.  O. 

206  Fulton  St.  S4  Purchase  St.  208  Elm  St. 

■■■■■■■■■■Illllllllllllll  I    I   I   II   I   II    llllllllliilBilil ■lillllliliillliln{llil(:lllillilllllllllilliliillillllliliiiiiiii[iiiii[iiii[[i{i|i|iii[[[iiii||iiii||iii|||ia^ 


Inside  the  Border  is  a  Complete  List  of  the 
Objectionable  Gear  Noises  Present  Where 
New    Process    Noiseless    Pinions   are    Used. 


Surely  ihis  is  better  than 
the  ringing,  rattling,  roar- 
ing, shrieking,  nerve-rack- 
ing sounds  from  metal-to- 
metal  gear  contacts. 

Send  for  and  read  our  booklet 
-J — ■•■jf^i^i-^^^ "Noiseless  Gear  Driving" 

NEW  PROCESS   IS  TO  ALL  OTHER  RAWH  IDE  AS  STEEL  IS  TO   IRON 


I  EAR  Corporation 

SYRACUSE..  N.Y 

CAVADIAN  AGENTS:  Rob  ;rl  Gardner  &  Son.  Ltd.  Montreal 


ALLIANCE 

Double  Cantilever  Gantry 
Crane,  Magnet  Type 

Specially  adapted  to  service  in  the  stock  yards  of  steel 
plants  and  wherever  it  is  desirable  to  have  a  storage  space 
in  the  middle  and  railroad  tracks  under  the  cantilevers. 

Built  in  any  span  and  capacity  and  for  any  service; 
either  magnet  or  grab  bucket  type.  Let  us  know  exactly 
what  your  crane  requirements,  either  present  or  prospect- 
ive, are,  and  we  shall  be  pleased  to  make  estimates. 


PITTSBURG       nc Z,//y.ir /Anafiaiifmailic  hcN^ eaiy<-fl  Crana       NEW  YORK 


'-       ujf^  ALUAACE,  OHIO.  ^ 


A   Splendid    Machine 

for     logging    operations, 
handling  sand,  etc.,  is  this 

O.S.  LOCOMOTIVE 

CRANE 


«  One  of  the  many  types 

I  illustrated  in  Bulletin 

1  No.  9  which  is  worth 

;  writing  for. 


10  Tun-  8  Wheil   Locomotive  Cr 


Orton  &  Steinbrenner  Co. 

Main  Office  :  CHICAGO.  ILL. 
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Fifty  Cents  a  Day 

added  to  your  operating  costs  will  soon 
make  up  the  difference  between  the  cost 
of  a  CLYDE  and  that  of  a  cheaper  hoist. 
Now  the  Clyde  Hoist  is  made  with  the 
one  idea  of  doing  the  work  more  economi- 
cally:—  you  can  count  on  the  saving, 
which  will  go  on  long  after  the  difference 
in  cost  is  wiped  out. 


The  Clyde  Diamond 


on  a  hoist  means  a  guar- 
antee of  satisfaction. 


bull  find  a  Repeat- 
Drder  built  into  e\e^ 
oist  of  ClYdcGraoe' 


IRON      W^  O  R  J^-S 

M4NUF&CTURERS  »/ CLYDE-GRADE   H015TING   MACHINERY 

Duluth.      Minnesota      US, A  . 


ALUMINUM     DIE-CASTINGS 

92%  aluminum  and  8\,_  coitper 

offer  unusual   opportunity  to   reduce   production   costs 

These  strong,  light  and  very  accurate  parts  with  beautiful 
finish  and  uniform  metal  texture  are  being  made  exclusively  by  us 
and  are  the  result  of  many  years  of  experience  and  special  study. 

We  use  No.  12  aluminum  alloy,  which  is  pure  aluminum 
hardened  with  8%  of  copper.  This  is  generally  conceded  to 
be  the  toughest  and  strongest  aluminum  alloy  known  and  is  made 
even  more  serviceable  by  our  process  of  die-casting. 

Dimensions  are  accurate  to  within  .001  "  to  .005"  according 
to  size  and  design. 

Further  details  and  samples  for  inspection  and  test  will 
gladly  be  furnished  on  request.  Quotations  will  be  submitted 
promptly  on  receipt  of  models  or  prints  and  advice  concerning 
functions  of  the  parts  and  quantities  required. 

COURT  a  NINTH  STS. 
o))  IHU  |o) 

BROOKLYN,  N.Y. 

Western  Plant:  E.  Woodruff  &  N.   I2th  Sts..  Toledo,  Ohio. 

Makers  of  Aluminum  and  White  Metal  Die  Castings  and 
Babbitt-lined  Bronze  Bearings. 


INCREASE  YOUR  OUTPUT 
WITH  REDUCED  EQUIPMENT 

Franklin  dies  are  capable  of  producing  from 
one  hundred  to  two  thousand  parts  per  day, 
according  no  size,  shape,  and  number  of  parts 
cast  at  a  time.  The  same  output  by  the  usual 
machine  methods  would  be  impossible  except 
with  large  floor  space  and  expensive  machine 
equipment. 

This  feature  is  of  special  advantage  in  the 
manufacture  of  new  inventions  or  the  meeting 
of  rapidly-increasing  demands. 

Write  for  booklet  "K"  which  tells  what 
Franklin  experience   means  to   the   user  of  die 

castings. 

Franklin  Manufacturing   Company 
404  South  Oeddes  Street  Syracuse,  N    Y 

«  I  I  II  1    I       I      II  I  1 1  II 11    II  I     II      II      ■iiiiiiiiiii  I  m 


The  Gear  Shaper  planes  spur  and 
internal  gears  using  an  accurately 
ground  generating  cutter. 

The  Fellows  Gear  Shaper  Co. 

SPRINGFIELD,  VT. 
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FORTUNA 


Portable  Electric  Drills 

I  FOR 

Drilling,  Reaming  and  Tapping 


HAND  AND  BREAST  DRILLS 
HEAVY  SERVICE  DRILLS 

Ventilated  and  Watertight 


Fortuna  Machine  Company 

127  Duane  St.  NEW  YORK 


^< 


"iccSA. 


PRODUCTS 


CYCLOMETERS 

For  Bicycles  and  Motorcycles,  to  Register  the  Distance 

Traveled. 

ODOMETERS 

I'or  Automobiles  and  Horse-Urawn  Vehicles,  to  Measure 

Distance  Traveled. 

COUNTERS 

To   Register   Revolutions  or    Reciprocating    Movements. 

Twenty-five  Styles. 

SPEED  COUNTERS 

For  Finding  the  Revolutions  per  minute  made  by  a  Shaft 

or  any  other  Revolving  Part. 

TACHODOMETERS 

To  Indicate  the  Speed  and  Record  the  Distance  Traveled, 

both  Trip  and  Total.     For  use  on  Automobiles, 

Locomotives  and  Electric  Railway  Cars. 

TACHOMETERS 

To  Indicate  Speed  in  Revolutions  per  Minute  of  Shafts, 

Generators,  Motors,  etc. 

FINE  DIE  CASTINGS 

Where  Large  Numbers  of  Absolutely  Uniform  Small  Parts 

are   Required. 

COMPLETE    DESCRIPTIVE    CATALOGUES 
SENT    ON    APPLICATION 

THE  VEEDER  M'F'G.  CO. 

15  Sargent  St. 
HARTFORD,    CONN.,  U.  S.  A. 
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THE  A.  &  F.  BROWN  CO. 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  MILLWRIGHTS 


POWER  TRANSMISSION  MACHINERY 

DESIGNED,  FURNISHED  AND  ERECTED 


Friction  Clutch  Pulleys 
and  Couplings 


SPECIAL  MACHINERY 


IRON  CASTINGS 


Geara    of   all  kinda 
and  sizes 


WORKS:  ELIZABETHPORT 
NEW  JERSEY 


SALES  ROOM :  79  BARCLAY  ST. 
NEW  YORK  CITY 


:;::i!iiin;pi:;!TCTmiEi;i!i::niin!i;:::iolii:liiiiiTiHiii^ 

O.  K.    SPEED    REDUCING    TRANSMISSIONS 

GfVE    RESULTS     WHERE    OTHER    DRIVES  FAIL 

DESIGNED    FOR   HEAVY    DUTY   AND   CONTINUOUS   SERVICE 
A  HIGHLY  EFFICIENT   PLANETARY   TRANSMISSION 


The   above   cut   represents  seven  Model  B  Speed    Reducing   Outfits:  ratio.   25.6:1:  Direct 
connected  to  General  Electric  Motors,  5  H.P.,  1140  R.  P.  M.,  giving  a  driven  speed  of 
45  R.  P.  M.     Motors    and    reducers    are  mounted    on    cast    Iron    bedplates.      The    above 
'^ij    outfits  operate  feed  driers  In  a  large  cereal  plant. 


O,  K.    REDUCERS   ARE    MADE    IN    RATIOS  AS   HIGH    AS    1600:1    OR    MORE.      INVESTIGATE   BEFORE    DECIDING   ON   YOUR 

PLANT  EQUIPMENT 


Send  for  Bulletin  No.  4 


D.  O.  JAMES  MFG.  CO.,  1122  W.  Monroe  Street,  Chicago 
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ELECTRIC  &  HAND  POWER  CRANES,  PORTABLE  ELECTRIC  &  MONORAIL  HOISTS 


ALFRED  BOX  &  CO.,  Philadelphia,  pa. 


J         M  h 


r      I.      nn 


YOUR  THRUST  PROBLEMS  ANSWERED 

AUBURN  .   "— ^iii^^^^paB*^  AUBURN 


BALL  THRUST  \lffii  |       ^^H^^        STEEL,  BRASS  AND 

BEARINGS  ^^*^^^  J__^^^^^  BRONZE  BALLS 

Put  your  problems  up   to   us,   or  ask   for   bulletins 

20  Elizabeth  Street,  Rochester,  N.  Y. 


AUBURN  BALL  BEARING  COMPANY 

iiiiiiiiiiiiiiiii,iiuiiiMiiiiii!iiiiiiiiiiimii!iniiiiiiiiiiiiiiiiiiiiiiii 
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yf  Jeffrey  Pivoted 
'  tvator-Conveyer 


An  Ideal  Combination  Elevator  and  Conveyer 

Requires  Minimum    Power  Consumption,  Maiiuenance 
Expense,  and  Attention 

JEFFREY   PIVOTED  BUCKET   ELEVATOR = CONVEYERS 

are  especially  adapted  tor  Boiler  House  and  Cement  Mill  Service. 

Made  in  several  sizes  lor  small,  medium  and  large  capacities. 

The  pivot  conne.  tion  permits  the  buckets  to  carry  their  loads 
in  a  level  position  with  the  conveyer  running  in  straight  lines, 
curves,  or  at  any  angle  to  the   horizontal  or  vertical. 

Send  for  Illustrated  Bulletin  No.  32.A. 

JEFFREY  MFQ.  CO.,         Columbus,  0. 


■■■miiiiiiiiiifl'iniiaiiiiim 


f         ] 


Over 

50,000 
miles 
in  use 


Rolled 

from 

Best  Quality 

Steel 


Continuous  Rail  Joint 


Weber  Rail  Joint 


Wolhaupter  Rail  Joint 


iiiiiii 


The  Rail  Joint  Company 

GENERAL  OFFICES:   185  Madison  Avenue,  New  York  City 

Makers  of  Base-Supported  Rail  Joints  for  Standard  and  Special 
Rail  Sections,  also  Girder,  Step  or  Compromise,  Frog  and  Switch, 
and  Insulated  Rail  Joints,  protected  by  Patents. 

Highest  Awards— Paris,   1900;  Buffalo,   1901;  St.  Louis,   1904. 

iii»iif;iiiiiiit!)iiiii|iiiii<<iHr,iM{|illiijilllllllllllllll{{lill[yilllllllllllillllllllllllllli; 


Cataloi£  at  Aeencles 


Boston,  Mass. 
(hicat;©.  III. 
Denver,  Colo. 
Philadelphia,  Pa. 
Pittsburgh.  Pa. 
Portland,  Ore. 
St.  Louis.  Mo. 
Troy,  N.  Y. 

Montreal,  Can. 


London,  E.  C,  Eng. 


India  Bldg. 

Railway  Exchange  Bldg. 

Equitable  Bldg. 

Pennsylvania  Bldg. 

Oliver  Bldg. 

Wilcox  Bldg. 

Commonwealth  Trust  Bldg. 

Burden  Avenue 


iiiliiiiliiiiiiiliiiiililiiiiliiiiiiiiiiliiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


Board  of  Trade  Bldg. 
36  New   Broad  St. 

l[llllillllllll[|lillllll[|li[lllll!ll[i™ii[lilllllirailllIlll[l!I!llil"'''lli;'''!''!''i'i™N 
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POP     SAFETY     VALVES,     RELIEF     VALVES 
PRESSURE  AND  VACUUM  GAGES 

OF  BOTH  REGISTERING  AND  RECORDING  STYLES 

All  of  a  superior  quality  and  guaranteed  to  give  greatest  efficiency,  dur- 
ability and  perfect  satisfaction.  Backed  by  a  reputation  secured  in  42  years  of 
successful  business. 

Complete  Catalogue  mailed  upon  request 

THE  ASHTON  VALVE  CO. 

Ii:stabn8hed   1871 

271  Franklin  St.,  BOSTON,  MASS. 

128  Liberty  St.,  NEW  YORK  174  N.  Market  St..  CHICAGO 


CENTRIFUGAL  PUMPING  MACHINERY 

Morris  Machine  Works 


Baldwinsville,   N.  Y. 


HENION  &  HUBBELL,  Agents 
217-221  N.  Jefferson  St.,  Chicago.  Ul. 


HARRIS  PUMP  &  SUPPLY  CO.,  Agents 
Pittsburgh,  Pa. 


Charlotte,  N.  C. 


H.  A.  PAINE,  Agent 
Houston,  Tex. 


New  York  OflBce, 
39-41  Cortlandt  Street 


Green  Chain   Grate    Stokers 

For  Water  Tube  and  Tubular  Boilers 


GREEN  ENGINEERING  CO. 


Steger  Building 


Ch 


icago, 


111. 


Catalogue   "  G  " — Green  Chain  Grate  Stokers  for  free  burning  bituminous  coals. 
Catalogue   "  L  " — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue   No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 

Sent  on  application 


BECO 


OIL-BURNING  ENGINE 


A  PRIME  mover  that  is  a  model  of  simplicity. 
Free  from  all  valves  with  the  exception  of  a 
fut;!  needle  valve,  which  uncovers  an  opening  into 
the  cylinder  of  less  than  ^g  of  an  inch  in  diameter. 
Operates  on  the  Diesel  principle. 

W'f  guarantee  a  fuel  consumption  not  in  excess 
of  j}  o  gallons  of  crude  or  refuse  oil  per  100 
B.  H.  P.  hours. 

STANDARD  SIZES  300  to  600  B.  H.  P. 

Lei  us  send  you  descriptive  mailer  cover- 
ing details  of  construction  and  operation. 

HERBERT  B.  RUST,    Sales  Agent 

14-22   Peck  St.,    Providence,    R.    I. 
THE  BROWN  ENGINE  CO.,  Fitchburg,  Mass. 
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^tLLER 


^■^      BUILT  BY      ^f 

E.KEELERCO. 

'\     U.S.A.   ;^ 


ESTABLISHED  1S64 

New  York 

Rochester 

Philadelphia 

Pittsburgh 

Cleveland 

Chicaeo 

Dallas 

San  Francisco 

Keeler   Cross   Drum   Type 


■yHE  Cross  Drum  Boiler  was  designed  to  meet 
the  demand  for  a  liigh-grade  water  tube 
boiler  that  eould  be  installed  in  office  buildings, 
school  houses,  apartment  houses,  hotels  and 
boiler  rooms  generally  where  ceiling  height  is 
limited  or  where  the  boiler  must  be  introduced 
through  restricted  openings. 

The  boiler  is  shipped  knocked  down,  and  can 
be  assembled  without  riveting,  is  of  all  wrought 
steel  construction,  and  is  built  in  units  of  from 
sixty  to  six  hundred  horse  power. 

In  use  by  U.  S.  Government. 

Ask  for  our  new  illustrated  catalogue 


THE  BABCOCK  &  WILCOX  COMPANY 


85  LIBERTY  STREET,   NEW  YORK 


V/ATER   TUBE   STEAM   BOILERS 


STEAM  SUPERHEATERS 


MECHANICAL    STOKERS 


Works:   BARBERTON,  OHIO         BAYONNE,  N.J. 


BOSTON.  35  Federal  St. 

PITTSBURGH.  Farmers  Deposit  Bank  Bldg. 

SALT  LAKE  CITY,  313  Atlas  Block 

CLEVELAND.  New  England  BIdg. 

LOS  ANGELES.  American  Bank  Bide. 


BUA.MCH  OJFICES 

PHILADELPHIA,  North  American  Bldg. 
NEW  ORLEANS,  Shiiljert  Arcade 
CHICAGO    Marquette  Bldg. 
PORTLAND,  ORE..  Wells-Fargo  Bldg. 
SEATTLE.  Mutual  Life  Bldg. 


SAN  FRANCISCO.  99  First  Street 
DENVER.  435  Seventeenth  Street 
ATLANTA.  Can.iler  Bldg. 
HAVANA.  CUBA.  116J  Callo  de  la  Habaoa 
CINCINNATI.  Traction  Bldg. 


':  JllinilllllllinilllillllBBII 


R.  D.  WOOD  &  CO. 

PHILADELPHIA,  PA. 

BUILDERS  OF  Gas  Holders,  Single  and  Multiple  Lift;  Gas 
Plants;  Gas  Producer  Power  Plants;  Hydraulic  Presses  and 
Heavy  Hydraulic  Machinery;  Pumping  Engines,  Centrifugal 
Pumping  Plants;  Water  Works  Appliances:  Steel  Tanks;  Sugar 
House  Apparatus  ;  Heavy  Special  Machinery  ;  Theisen  Washers. 

MANUFACTURERS  OF  C.  I.  Pipe,  Gas  Works  Apparatus, 
Centrifugal  Pumps,  Hydraulic  Tools  of  all  description,  Hydrants 
and  Valves,  Gas  Producers. 


ENGINEERS 
IRON  FOUNDERS 
MACHINISTS 


II  11  ■HI  II II 

I  I D  II     II        I       II 


tOXBORO 


HADE     MARK 


INDICATING  AND  RECORDING 
GAUGES 

FOR  ALL  PURPOSES 

ALSO 

THERMOMETERS— TEMPERATURE  CONTROLLERS 
—PYROMETERS-TACHOMETERS-FLOW  METERS 

Send  for  Bulletin  No.  A.O.  74 

THE    INDUSTRIAL    INSTRUMENT    CO. 
FOXBORO,  MASS.,  U.  S.  A. 

New  York     Chicago     St.  Lodls     Birmingham,  Ala.     San  Frandsco 
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DISTRIBUTION  VALVES  and  SUPERHEATED  STEAM 

Always  the  greatest  knowledge  and  skill  are  exercised  in  Designing  an  Engine  in  order  to 
secure  the  most  Efficient  and  Economical  use  of  the  Steam.  Do  not,  therefore,  Overlook 
the  Importance  of  Frictionless,  Steam-Tight  Distribution  Valves  which  remain  Steam- 
Tight  and  Frictionless. 

To  say  the  least,  it  is  not  wise  to  use  poorly  balanced,  leaky  valves  on  an  Engine  which 
has  otherwise  had  knowledge  and  skill  applied  in  its  designing. 

Put  it  up  to  Valve  Specialists. 


AMERICAN  BALANCE  VALVE  CO.,  Jersey  Shore/J 


PENNA. 
.S.  A. 


VALVE   SPECIALISTS   SINCE  1890 


'SXU    SM^LXAMJ 


Only  Makers  of  "CUMBERLAND  GROUND"  Shafting 

Large  Stocks  Quick  Shipments 


PROFESSIONAL  CARDS                                      | 

HOOPER-FALKENAU  ENGINEERING  CO. 
Industrial  Engineers  and  Architects 

Woolworth  Building,                   NEW  YORK  CITY 

ELLIOTT  H.  WHITLOCK.  Member  A.  S.  M.  E. 

Consulting  Engineer                                  Carbon  Expert 

Efficiency  Management 

1506  W.   Ii2th  Street,                             CLEVELAND,  0. 

CHAS.  T.  MAIN,  Member  A.  S.  M.  E. 
Mill  Engineer  and  .\rchitect 

201   Devonshire  Street,                            BOSTON,  MASS. 

THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO 

CHAS.  H.  MANNING.  Member  A.  S.  M.  E. 
CHAS    B.  MANNING, 
Consulting  Engineers 

886  Elm  Street,                               MANCHESTER,  N.  H 

1             ELECTRICAL  TESTING  LABORATORIES,  Inc. 
1                    Electrical  and  Mechanical  Laboratories 

%             Tests  of  Electrical  Machinery,  Apparatus  and  Supplies, 
i          .Materials  of  Construction,  Coal,  Paper,  etc.     Inspection 
i         of  Material  and  Apparatus  at  Manufactories. 

1         60th  Street  and  East  End  Avenue.  NEW  YORK  CITY 

BERT.  L.  BALDWIN  &  CO. 
B.  L.  Baldwin,  G.  W.  Simpkinson,  Members  A.S.M.E. 

Plans,  Specifications  and  Superintendence  of  Manufac- 
turing Buildings,  Plants  and  Equipments  of  same. 
Perin  Building,  CINC  NNATI,  OHIO 

ENGINEERING  SCHOOLS  AND  COLLEGES                    | 

NEW   YORK  UNIVERSITY  SCHOOL  OF  APPLIED 

SCIENCE 

Department   of   Civil,   Mechanical   and   Chemical   En- 
gineering. 

For  announcements  or  information,  address 
CHARLES  HENRY  SNOW,  Dean,  University  Heights, 
N.  Y.  City 

THE  RENSSELAER  POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical,  Electrical  and  Chemical 
Engineering  and  General  Science  leading  to  the  degrees, 
C.  E.,  M.  E.,  Ch.  E.  and  B.  S.    Also  special  courses. 

Unsurpassed  laboratories. 

Catalogue  sent  upon  application,          TROY,  N.  Y. 

The  rate  for  insertion  of  announcements  of  Engineering 
Schools  and  Colleges  is  $3.00  per  month,  without  regard 
to  number  of  insertions.      Orders  are  accepted  on  a  "till 
forbid"   basis,   subject   to   cancellation   at   any   time   by 
giving  thirty  days'  notice. 

POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

Course    in    Mechanical    Engineering.      Evening    Post- 
Graduate  Courses.    Fred.  W.  Atkinson,  Ph.  D.,  President; 
W    D.  Ennis,  Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 
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POWER  PLANT  EQUIPMENT 


ALMY  WATER  TUBE  BOILER  CO. 

Manufacturers   of   Alniy    Patent   .S<'etii)nal  W  ater  'I'ube 
propeller  and  ftern  wheel,  torpedo  boats,  tire  boats,  laniiehes 
kinds  of  stationary  work. 

Boilers  for 
.    Donkey 

steams 
Boilers 

hips, 
for  s 

PKOVIDEXCK 

river  steamers, 
teamships  and  f 

H.  I. 

bolh 
jr  all 

W'aler   Tiihc 
Hoilerx 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO.        ^S^^,,^"^!!, 

Prpssure  and  Recording  Gauges,  Engine  lioom  C'locks  and  Counters  for  all  purposes.  Iron  ami 
Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive  use.  The  American  Thompson 
Improved  Indicator  with  new  improved  detent  motion.     The  American  Ideal  Steam  Trap.   • 

Sec  ixiijcs  110,   111  of  CoikIoisciI  Caldloi/iics  of  Mechanical  Equipment,  191.3   Vojiniic. 


Valves 

Gauges 

Indicators 


>V.     N.     Bbo  I  11  Bhoadwvy  new  YORK  city 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liciuid  fuel  e(|uipment. 


Oil  and  Tar 
Burners 

Furnaces 


CHAPMAN  VALVE  MANUFACTURING  CO.  .nd.an  orchard  ma.ss 

BosTo.N"     New  VimK    St  Louis     Pittsburgh    Chic.vgo    Phil-\delphi.^    S.\n'  Fr.^ncisco 
Brass  and  Iron  ^'alves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates.     Send  for  catalogue. 
Sir  /Kiije  76  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


Valves 


CRESCENT  MANUFACTURING  CO. 

Lackawanna  Sight  Feed  Lubricators  and  y\utomatic  Grease  Cups 


SCOTTDALE.  PA. 


Lubricators 
Grease  Cups 


EDGE  MOOR  IRON  COMPANY 

Builders  of  the  Edge  Moor  \\'ater  Tube  Boiler 
construction,  straight   tubes,  all  hand  holes   elliptical,   unrestricted  circulation  wliic-h    permits   fon-iu 
fires   with  safety  and   economj-. 

See  page  23  of  Comiensed  Catalogues  of  Mechanical  Equiptuent,  1913  Volunii 


EDGE  MOOR,  DELAWARE 
Especialh'  suitable  for  large  power  plants.     Sleel 


Water  Tube 
Boilers 


ERIE  CITY  IRON  WORKS  erie  pa 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable,  open  bottom  y)orl- 
able,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City  "Lentz,"  four  valve,  enclosed  high 
sjM'ed,  automatic,  center  crank,  side  crank,  portable  and  Feed-Water  Heaters  from  25  to  600  h.p. 


Steam   Boilers 
and  Engines 

Feed- Water 
Heaters 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 


IIARKISIURG,  PA. 


Manufai-turers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and  Single  Valve,  Simple,  Tandem 
and  Cross  Compound. 


Steam 
Engines 


HOMESTEAD  VALVE  MANUFACTURING  CO.         '''%lTTSBilS^#A°' ^-^ 

Manufacturers  of  "Homestead  Valves."    Straightway,  Three-way  and  Four-way,  for  blow-off  or  for 
highest  pressure  and  most  difficult  service  for  water,  air  or  steam.    Valves  unlike  all  others. 
See  page  S2  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


la /res 
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\' a  Ives 

Steam   Traps 
Separators 
Regulators 


THE  HUGHSON  STEAM  SPECIALTY  CO.  Chicago  ill 

M:imif;iiUiivis  of  Rcgululiiig  \  alve.--  ior  all  pif>:siirc.s  and  for  i^tcam,  air  and  water.  Tho  best,  and 
only  ab.-olulely  noi.-'olos.s  Combination  Back  Pressure  and  Relief  Valve.  Pump  Jtegulator.s,  iSeparators, 
Sicani  Traps.  Automatic  Stop. and  Cheek  Valves.     Write  for  complete  catalogue 


Magnesia 
Asbestos  and 
Urine  Pipe 
Coverings 


100  X.  Moore  St.  NEW  YORK  CITY 

Trk-pho[lc:  601*7  Franklin 


ROBERT  A.  KEASBEY  CO. 

Heat  and  Cold  Insulating  MateriaU.     Headquartens  for  85%  Magnesia  Asbestos  and  Brine  Pipe 
Coverings,  Asbestos  Products,  etc. 

See  p'tge  138  "/  ('(nidrnsei!  Crilalogues  of  Mechanical  E(juii>me?it,  1913  Volumi'. 


\  alves 

lilow-olT 
\' a  Ives 

Fire  Hydrants 


THE  LUDLOW  VALVE  MFG.  CO.  tkoy  n  y 

Manufacliuers  of  geiuiinc  1-udlou   Catc  \'alves  for  all  purposes.     Special  Blow-ofT  Valves.     Check 
N'alves.     Foo.t  Valves.     Sluice  Gates.     Indicator  Posts.     Fire  Hydrants. 

Sir  pnf/t'S  86,  87  of  Condensed  Catalogues  of  Mechnnicut  Eqttipinent,  1913   Volume. 


Steam   Traps 


MOREHEAD   MANUFACTURING   CO.  Detroit  mich 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting  Steam  Trap  is 
the  original  design  of  lillitig  trap,  having  been  on  the  market  for  a  quarter  of  a  century.  For  reliable  and 
satisfactory  service  this  type  of  trap  recommends  itself.     Illustrated  descriptive  catalog  sent  on  request. 

See  piiges  112,    113  of  Condensed  Coledoques  of  Mechduicid  Eriuipniinl,    1913    Volume. 


(Governors 


THE  PICKERING  GOVERNOR  CO. 


PORTLAND.  COXX. 


Governors  for  Steam  Engines,  Turbines,  Ga.s  Engines.     Mechanical  Control  Power  Regulation. 
See  page  131  of  Co7tde?ised  Calulogues  of  Mechanical  Equipnienl,    1913    Volume. 


Valves 

Fire  Hydrants 


PRATT  «&  CADY  COMPANY,  Inc. 

liHAXCHES      AT     .\LBaNY,      BALTIMORE.      BosTON .     CrICAGO.      DETROIT. 

Indianapolis.  New  Orleans.  Xew  Y'ork.  Philadelphia.  PiTTsBunn. 
Manufacturers  of  Bras~.  Iron  and  Steel  Valves,  Fire  Hydrants,  Asbestos  Packed  Cocks. 
See  pages  96,  97  of  Condensed  Catalogues  of  Merhanical  Equipment,  19i:i  Volume. 


HARTFORD.   COXX. 


linger 
Softening 

Purifying  and 

Filtering 

Systems 


WM.  B.  SCAIFE  &  SONS  COMPANY 


221  First  Ave. 
26  Cortlandt  St. 


PITTSBURGH    PA. 
XEW  YORK 


WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering  Systems  for  boiler  feed  water 
aid  all  industrial  and  domestic  purposes. 


Steam 
Si>ecialties 

Feed  Water 
Heaters 

Steam 
Separators 


THE  SIMS  COMPANY  erie  pe.nxa 

Designers  and  Manufacturers  of  Steam  Specialties  and  Power  Plant  Appliances:  Closed  Feed  Water 
Healers,  Open  Feed  \\'ater  Heaters,  Hot  Water  Generators-Convert ors,  Laundry  Heaters,  Live  Steam 
and  Water  Mixers,  Exhaust  Heads,  Oil  Extractors,  Oil  Filters,  Compound  Feeders,  Garbage  and 
Ri'fuse  Burners,  Tanks. 


das  I'rodueers 


THE  SMITH  GAS  POWER  CO. 


LEXIXGTOX.  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure  types.     Mechanically  Oper- 
ated Gas  Producers  in  large  units  for  power  and  heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants. 
See  page  22  of  Condensed  Cataloi/ues  of  Meclnuiictil  Equipment,   1913   ]'olumc. 


Engines 

Hefrigeraling 
Macliinery 


THE  VILTER  MFG. 

CO. 

E-taSlisliiil  1867 

1070- loss  C 

LINTON 

St. 

MII.WAI 

Ki:i:,  WIS 

Build 

■rs  iif  Corliss  Engines, 

Girder  oi 

H< 

•avy  Duty  Type 

Bed  for  Belted 

or  Direct 

-Connect! 

'd  Service, 

IlH'lliuiU    I 

r  high  spied.      Ice  aiic 

1    Brfrigel 

all 

)n  Machines. 
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WALWORTH  MANUFACTURING  CO.  boston  mass 

Manufarturei'>  of  liigli  grade  Bra?s,  Iidii  and  Slccl  ^"al\^s;  Power  Plant  Pipinp;;  Screwed  and 
Flanged  Fitting.*;  Pipe  Fitter's  Tool-:  fienuine  >StiII<on  Wrenches.  Parmelee  Wrenclies,  Walco-Hcx 
W'ri'nclies. 


Vahes 

Power  Plant 
Piping 

Wrencltex 


POWER  TRANSMISSION 
HOISTING  AND  CONVEYING  MACHINERY 


THE  BROWN  HOISTING  MACHINERY  CO. 


CLK\'ELAND.  O,.  U.  S,  A. 

NEW  YORK  SaN  FRaNCISCO 

PITTSBtTRGH   CHICAGO    MONTREAL 

De?;*gncrs  nnd  Manufacturers  of  all  kinds  of  H  >iating  Marhinery.  including  Locomotive  Cranes.  Electric  Travelers. 
I-l  earn  Trolleys,  Crabs.  WincliL-s,  etc.,  as  well  as  heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinctave  for  reinforci  d 
<o!icrete  rojfing. 

See  p'lge  201  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Hoisting 
Machinery 


H.  W.  CALDWELL  &  SON  COMPANY  newvouk      chicagu 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Hehcoid  and  .screw  eonvoyors,  machine 
molded  gear.s,  pulleys,  fly-wheels,  rope  sheaves  and  drives,  sprocket  wheels  and  chain,  buckets,  belting, 
shafting  and  bearings. 

Sir  piuif  187  of  Condeii.sfd  Catcdoijues  of  Mcchimicil  Eqiiipmenl,   191:5  Yoluim . 


Conveyors 

Elevators 

Power 
Transmission 


DODGE  MANUFACTURING  COMPANY 


MISllAWAKA.  IXD 


Everything  for  the  Mechanical  Transmission  of  Power,  Elevating  and  Conveying;  and  Water  .Softeners. 
Write  for""Power  Transmission  Engineering,"  the  most  complete  book  of  its  kind  published.  It  will  help 
you  in  your  specifications. 


Transntission 
Machinery 

Water 
Softeners 

Rope  Drives 

Conveyors 


THE  EASTERN  MACHINERY  COMPANY 


NEW  HAVEN.  CO-MX 


JNIanufacturers  of  Electric  and  Belt  Power  Passenger  and  Freiglit  Elevators,  Hoisting  Machines 
Friction  Winding  Drums,  Friction  Clutches  and  Friction  Clutch  Pulleys. 


Elevators 

Friction 
Clutches 

Pulleys 


THE  FAFNIR  BEARING  COMPANY 


NEW  BRITAIN.  CONN. 


High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest  standards  of  accuracy  in  the  world. 
Fafnir  Ball  Bearing  Hanger  Boxes  can  be  used  in  any  standard  hanger  frame. 


Ball  Bearings 


CLEVELAND.  OHIO 


THE  HILL  CLUTCH  COMPANY 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery  for  belt,  rope  or  gear  driving, 
including  the  well  know^]l  Hill  Friction  Clutches  and  Hill  Collar  Oihng  Bearings. 

See  page  1.56  of  Condensed  CaUdogues  of  Mechanical  Eqxiipment,  1913  Volume. 


LIDGERWOOD  MFG.  CO.  6l,bertyst       newyork 

Hoi.^t^lg  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  warehouseman,  rail- 
roads, shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cableways  for  hoisting  and  conveying. 
Marine  Tran-fcr  for  coal  and  cargo  handling. 


LINK=BELT  COMPANY  ^^^^'^Tn'dT.'nVpolS"^-'"^ 

Elevators  and  Conveyors  for  ever}-  purpose;  all  accessories;  Power  Transmission  Machinery. 
The  Link- Belt  Silent  Chain  Drive,  Coal  Tipples,  Coal  Washeries,  Locomotive  Cranes,  etc. 
Sic   ]'nr,r   192  of  Condensed  ColalogiKs  of  Mechanical  Er/uipment,   1913    Vohime. 


Power 
Transmission 


Hoisting 
Engines 

Cableways 

Marine 
Transfers 


Elevators  and 
Con  veyors 
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Cranes 


THE  MORGAN  ENGINEERING  CO.  alliance  omo 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We  also  design  and  build  Steel 
Plants  complete,  Hammers,  Presses,  Shears,  Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special 
Machiiierv. 


Robins  Belt 
Conveyors 


ROBINS  CONVEYING  BELT  COMPANY  isp.bkrow     newyork 

The  Robins  Belt  Conveyor  wa.s  the  original  and  is  today  the  standard  of  this  type  of  conveying 
machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and  similar  materiab  under  the 
most  trying  conditions  of  service.    Correspondence  invited. 

See  piif/c  lO'-i  of  C(»i(tenscd  Catalogues  of  Mechanicil  Equipment,   1913  Volume. 


Pulleys 

Paper  Friction 
Transmission 


1923  English  Ave. 
IXDIANWPOLIS.  IND. 


THE  ROCKWOOD  MANUFACTURING  CO. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  .superiority.  You  will  find  our  booklets 
regarding  Transmission  of  Power  bj-  Belts  and  Friction  Transmission  desirable  additions  to  your  engineer- 
ing library.     Furnished  free  to  members  upon  application. 


Cranes 

Mono-Rail 

Systems 


SHAW  ELECTRIC  CRANE  CO. 

-Address  119  \V.  40th  St.,  New  York,  (See  Manning, 
Electric  traveling  Cranes  for  all  purposes.     Gantry 
Rail  Systems. 

Maxwell 
Cranes. 

cfc  Moore,  Inc.) 
\Vharf  Cranes 

MUSKEGON" 
and  Winches. 

MICH 
Mono- 

Cranes 
lloists 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 


TOLEDO.  OHIO 


Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab  Bucket  Machinery;  Electric  and 
Hand  Power  Cranes,  all  types,  any  capacity;  Structural  Steel  for  Factory  Buildings. 


Elevating 

Conveying 

Potver 

Transmitting 

Macliinery 


(Successors  to  WEBSTER  MF'G  CO.)  TIFFIN.  OHIO 
E.\STERN  Br.inch  :  SS-SO  Re.^de  St,  NEW  YORK 


THE  WEBSTER  M'F'G  COMPANY 

Manufactiners  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all  purposes.  Over 
thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufacturing  give  us  large  advantages. 
Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power 
plants  and  buildings.     Chain  belting.     Gearing. 


Power 
Transmission 


CHAMBER.SBURG.  PA. 


T.  B.  WOOD'S  SONS  CO. 

Modern  and  Approved  Appliances  for  the  transmission  of  Power.      Shafting,  Couplings,  Collars, 
Hangers,  Pulleys,  Belt  Tighteners,  Friction  Clutches,  Rope  Driving  Equipments. 

Sec  pages  l.i4,   1.5.5  of  Cnn(len.'<ed  Catalogues  of  Meclianieal  Equipment,   1913   Volume. 


STEEL  WORKS  AND  ROLLING    MILL  EQUIPMENT 


Engines 

Rolling  Mill 
Machinery 


MACKINTOSH,   HEMPHILL  &  CO. 


of 


Engines,  single  and  conipoimd,  Corliss  reversing  and  blowing, 
dl  kinds.     Shears,  Punches,  Saws,  Coping  Machines. 


PITTSBURGH.  PA. 


Rolling  Mill  and  Hydraulic  -Machinery 


Blast  Fiirnarc 

Blouing 

Engines 


WEIMER  MACHINE  WORKS  COMPANY  lebanon  pa 

Builders  of  Blast  Fiu-nace  Blowing  engines  and  equipments.  Cinder  and  hot  metal  cars.  Furnace 
Bells  and  Hoppers.  Rolling  Mill  castings.  Special  attention  paid  to  quick  repair  work  and  work  governed 
by  Engineers'  specifications. 
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MACHINE   SHOP   AND    FOUNDRY    EQUIPMENT 


THE  HEALD  MACHINE  COMPANY 


WORCESTEK,  MASS 


Mauul'aiturers    of    Grimlins   M:i<'liiiic.~.       Intenuil   (u-iiiders,    Cyiirulci-    Crimlcrs,   Surfaoo    Clrindeiv, 
Drill  Grinders. 


Criniling 
Machines 


THE  KING  MACHINE  TOOL  CO. 


CINCINXATr    (1 


Vertical   Turret    Machines,   28"   and   34".     Vertical   Boring   and    Turning   Machine.-^,   42"   to  S-l", 
inclu.sive. 


Ileal- y  Duty 
Boring  Mills 


THE    R.    K.    LE    BLOND   MACHINE   TOOL   CO.  Cincinnati  o 

We  nianufactare  a  complete  line  of  Heavy  Duty  Lathe.s  and  Milling  Maehine.s.  They  are  scientifie- 

ally  de.signed,  .<o  the  power  is  limited  only  by  the  strength  of  the  cutting  tool.  It  will  pay  you  to 
investigate  our  machines.     Catalogue  upon  rcriuest. 


Lathes 

Milling 
Machines 


MUMFORD   MOLDING   MACHINE  CO.  ,075e.s™.  av.       Chicago  .l, 

Squeezing  Machine-^,  Hand  or  Power 
Jolt  Ramming  Machines,  Pneumatic  or  Electric 

See  page  216  of  Condensed  Catidoriiiia  of  Michnniad  Equipment.   191H    Volume. 


Split  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


Foundry 
Molding 
Machine 
Equipment 


WELLS    BROTHERS   COMPANY  Greenfield  mass 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting  Tools  and  Machinery. 


Taps  and  Dies 


BLOWERS,  FANS,  DRYERS,  ETC. 


P.    H.   &    F.   M.    ROOTS   CO.  connersmlle  ind 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum  cleaning,  for 
laundries,  for  blacksmiths.  Positive  Rotary  Pimips.  Positive  Pressure  Gas  Exhausters.  High  Pressure 
Gas  Pumps.     Flexible  Couplings. 

.Sec  pages  282,  283  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Blowers 

Gas 
Exhausters 

Pumps 


RUQGLES=COLES  ENGINEERING  CO. 


Ml'Cormick  Bldg. 
HuD.sox  Terminal 


CHICAGO 
NEW  YORK 


Dryers.     Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of  materials. 
See  page  301  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


Dryers 


HYDE  PARK.  MASS 


B.  F.  STURTEYANT  COMPANY 

We  make  equipment  to  force  or  exhaust  air  under  all  cunditions.  Largest  standard  line  of  "ready  to 
deliver"  Fans  in  the  world  and  special  work  done  where  necessary.  Consulting  representatives  in  or  near 
your  city. 

See  pages  48,  49  of  Condensed  Catalogues  of  Mechanical  Equipmetit,  1913  Volutne. 


Fans 
Blowers 
Economizers 
Engines 
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PUMPS   AND   HYDRAULIC   TURBINES 


Pumps 
Condenserx 


m.  T.  DAVIDSON  CO. 


•13-53  Ke.m-  St.  HKOOKI.VN"    X    Y. 

New  Vobk:  15*  N;i^^i.ii  St. 
Boston:  30  O  iv<r  St. 


Iligli  grade  economical  Piimp.s  for  all  service,*.     Surface  and  Jet  Condensers. 


Water  Wheels 

Wood  Pulp 
and  Paper 
Macliinery 


HOLYOKE  MACHINE  COMPANY 


HOr.VOKE    M.ASS 
WORCrsTKk    MASS 


Water  Wheels  with  Connections  and  Complete  Power  Transmission,  Water  Wheel  Gi/vrrnors,  Gear- 
ing, Wood  Pulp  and  Paper  Machinery,  Pumps,  Hydraulic  Presses.    Special  Machinery  to  eider. 


Tiirbirtes 

Paper  Mill 
Machinery 


J.  &  W.  JOLLY,  Inc. 

McCormick  Ilolyoke  Turbine.-  designed  to  .suit  Mill  or  Hydro-Electric  Work.    Papei 
Shafting,  Gearing,  Pulleys  and  Freight  Elevators. 

Sic  page  298  of  Coiitlenacd  Catalogues  of  Mechanical  Equiirmenl,   1913  Volume. 

IK)I.VOKi:.  MA.SS 
•  Mill  Machinery, 

Vacuum 
Pumps 


LAMMERT  &  MANN 

215- 

-221 

X.  Wood 

Si 

fHICACiO. 

1 
ir.i.. 

Engineers  and  Machinists. 

Manufacturers  of  Rotary  Vacuum 

Pumps 

for 

h 

ghe 

st  dry 

^'acuuni. 

I.e 

id  Pumps 

,  Rot 

try  Blowers 

eti-. 

ELECTRICAL  APPARATUS,  ENGINEERING  MISCELLANY 


Aluminum 


ALUMINUM  COMPANY  OF  AMERICA 

Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 

See  page  207  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


PlTTSnrRdH.  TA 


Water 

Purifying 

Machinery 


SCOTTDAI.E.  I'A. 


ELECTRIC  WATER  STERILIZER  CO. 

Manufacturers  of  Electrical  and  Mechanical  Water  Purifying  Machinery.  Our  Electric  Water  Steri- 
lizing Madiine  is  both  economical  in  consumption  of  electric  current  and  so  simple  that  any  one  of  aver- 
age intelligence  can  take  care  of  it.  Guaranteed  to  deliver  pure  water.  Capacities  of  stock  machines 
fniii!  40  to  1000  gallons  per  hour. 


Ilrinht 

Cold  Finished 

Steel  Bars 


UNION  DRAWN  STEEL  CO.  beaver  falls,  pa 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and  Alloy  Steels,  in  Rounds,  Flats, 
Squares,  Hexagons  and  Special  Shapes. 

See  page  263  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


Dynamos 
Motors 
Transformers 
Instruments 


WAQNER  ELECTRIC  MANUFACTURING  COMPANY        st  lohs  mo 

Single-Pha.se  Motors.  Polyphase  Motors.  Transformers,  Power  and  Pole  Type.  Instruments,  a 
complete  line.  A.  C.  Generators.  Converters  for  charging  vehicle  batteries  from  A.  C.  Rectifiers  for 
charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electricl  Etiuipments.  .Automobile  Self 
Starters  (Electric),  etc. 
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CLASSIFIED  LIST  OF  MECHANICAL  EQUIPMENT 

Manufactured    by    Firms    Represented    in    The   Journal    of    The   American 
Society    of    Mechanical    Engineers 


Accniunlators,    Hydraulic 

*  Alliance  Machine  Co. 
Mesta  Machine  Co. 

*  Wood  &  Co.,  R.  D. 
Aerial    'rrnm«ays 

(See   Tramways.    Win'    K«ipei 
Air       Brakes.       Conipri'ssors, 
Filters,  ete. 
(Si'G  Brakes,  Compressors.  Fil- 
ters, etc.,  Air) 
Air-Jet    Lifts 

Scliutte  &  Koertiiig'  Co. 

Air  Lift   Pamptnn'   Sy.stems 

*  Ingersoll-Rand  Co. 

Air    Tanks    and    Cyliuder.s 

(See  Receivers,  Airi 
Air    AVasUer.s 

General   Condenser   Co. 

Alternators 

(See   Generators,   Electric) 
Aiunieter^,    Voltmeters 

(See   Electrical   Instrumental 

Ammonia     Condense  r».     Fit- 
tins;s,    etc. 

(See  Condensers,  I'ittini^s.  etc. 
Ammonia) 
Anvil    Bloek.s 

*  Hnoven,  Owens,  Ueutschler  Co. 
Arc    Iiamps 

(Sec  Lamps,  Arci 
Arelies.     Ig'uition     ( l''l:il     Sns- 
liended) 
Green  Engineering  Co. 
Ash  Handling'  Systems, 

Pneumatic 

*  Greon  Engineering  Co. 
Augers,    Pow  er    Coal 

Fairmont  JMining  Mach.  Co. 


Balanced   Main    Valves 

(See   Valves,    Balanced   Distri- 
bution) 

Barometers 

*  Tagliabue  Mfg.  Co.,  C.  J. 
Ball    Bearings 

(See   Bearings,    Balli 
Balls,    Brass    and    Bronze 

*  Auburn   Ball   Bearing  Cd. 
Balls.    Steel 

*  Auburn   Ball  Bearing  Co. 
Barrels,   Tumbling^ 

Royersford  Foundry  &  Machine 
Co. 
Bearingrs,    Ball 

*  Auburn    Ball   Bearing  Co. 
Bearings,    Roller 

Royerslurd  Foundrv  &  Machine 
Cu. 
Bearings,    Self-Oiling- 

*  Brown  Co.,  A.  &  F. 
Doehler  Die-Casting  Co. 

*  Falls  Clutch  &  Machinery  Co. 
Franklin  Manufacturing  Co. 
Jeffrey  iMnnufacturing  Co. 

Bearings,   Thrust 

*  Auburn   BiiU   Bearing  Co. 
Belt    Dressing 

Scbieren  Co.,  Cbas.  A. 

*  Texas  Co. 
Belt    Lacing 

Scineren  Co..  Chas.  A. 

Williams  &  Sons.  I.   B. 
Belt    Lacing,    Steel 

Bristol   Co. 
Belt    Tighteners 

*  Brown  Co..  A.  &  P. 
Belting,    Chain 

(See  Chains  and  Chain  Links) 
Belting,    Conveyor 

*  Goodrich  Co..  B.  F. 
Manhattan  Rubber  Mfg.  Co. 

Belting,    Rnbher 

*  Goodrich  Co..  B.  h\ 
Manhattan  Rubber  Mfg.  Co. 

Belting,    Leather 

Schieren  Co..  Chas.  A. 

Williams  &  Sons.  L    ■;. 
Belting.    Textile 

*  Goodrich  Co..  E.  F. 


Machines. 

D. 


Hy- 


J<.hn   A. 


Bending 
dranlic 

*  Wood  &  Co.,  R 
Blocks,    Tackle 

*  Clyde  Iron  Works 

*  Hunt  Co..  Inc.,  C.  W 

*  Roebling's    Sons   Co.. 

BlOTvers,    Centrifugal 

De  Laval  iStcani  'J'nrliim-  Co. 

*  General  Electric  Co. 
Blo'tvers,    Fan 

De   Laval    Steam   Turbiur   Co. 
Green  Fuel  Econoniiz.-r  Co. 

Blowers,    Rotary 

Schutte  &  Koerting  Co. 

BloTvers,    Soot 

Simonds  &  Co..  G.   L. 
Blo^vers,    Steam 

Schutte  .fc  Koertini:;   Co. 
Boiler  Coverings.  Furnaces, 
Tube   Cleaners,  Tubes,  ete. 


Furnaces, 
Tubes,    etc.. 


( Sec        (.'ovcriugs, 
Tube    Cleaners. 
Boiler! 
Boilers,    Heating 

*  Keeler  Co.,  E. 

*  Smith  Co.,  H.  B. 
Boilers,    Locomotive 

*  Clyde  Iron  Works 
Boilers,    Marine 

Babcock  &  Wilcox  Co. 

*  Keeler  Co.,  E. 
Boilers,    Tubnlar 

*  Clyde  Iron  Works 

*  Keeler  Co.,  E. 
Boilers.   Water   Tube 

Babcock  &  Wilcox  Co. 
Heine  Safety  Boiler  Co. 

*  Keeler  Co.,  E. 

Boring     and      Drilling      Ma- 
chines 
Manning.    Maxwell    &    Moor(\ 
Inc. 

Brass-Working    Machine 
Tools 

(See  Tools.  Brass-working  Ma- 
chine) 
Brick,  Fire 

*  Betson  Plastic  Fire  Briek  Co. 
Buckets,    Elevator 

Jeft'rey  Manufacturing  (_'o. 
Buckets,    Grab 

*  Clyde  Iron  Works 

*  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey  Manufacturing  Co. 
Orton  &  Steinbronner  Co. 

Buckets,    Self -Dumping 

*  Clyde  Iron  Works 

*  Hunt  Co.,  Inc..  C.  W. 
Orton  &  Steinbronner  Co. 

Bulldozers 

*  Wood  &  Co..  n.  D. 
Burners,    Oil 

Schutte  »S:  Ivoerting   Co. 


Cable,    Wire 

(See  Rope.  Wire) 
Cable    RailTvays 

(See    Railways.  Cablet 
Cable«ays,    Wire 

(See  Tramways.    Wire    Ropei 
Cables,    Electrical 

(See    Wire    and    Cables.    EIcc 
trical) 
Cam    Cutting   Machire^i. 

Garvin   Machine   Co. 
Car   Hnnls,   Cable  and   Chain 

Fairmont  Mining  Much.  Co. 
Carriers       and       Elevators, 
Freight,    Continuous 

Jeffrey  Manufacturing  Co. 

Mathews  Gravity   Carrier  Co. 
Cars.    Dump 

*  Hunt  Co..  Inc.,  C.  W. 
Jeffrey    Mfg.   Co. 

Cars,    Industrial    Rail^vay 

*  Hunt  Co.,  Inc..  C.  W. 
Cars,    Motor 

*  Hunt  Co.,  Inc.,  C.  W. 
Castings.    Die-Molded 

Doehler  Die-Casting  Co. 
Franklin  Manufacturing  Co. 

*  Veeder  Mfg.  Co. 


Castings,    Ir4>]i 

*  Brown  Co.,  A.  &  F. 
Builders   Iron    Foundrv. 

*  Falls  Clutch  &  Machinery  Co. 
Fairmont  Mining  Mach.  Co. 

*  Hooven,  Owens,  Rentschler  Co. 

*  Lunkenheimer  Co. 
Royersford  Foundry  &  Machine 

Co. 

*  Wheeler    Condenser    &    Engi- 

neering Co. 

*  Wood  &  Co.,  R.  D. 
Castings,    Semi-Steel 

Builders   Iron    Foundry 
Fairmont  Mining  Mach.  Co. 

*  Ilooven,  Owens.  Rentschler  Co. 

*  Lunkenheimer  Co. 

*  Wood  &  Co.,  R.  D. 
<'astings.    Steel 

Mesta   Machine  Co. 
Cement.    Belt 

Schieren  Co..  Chas.  A. 
Cement,   Fire   Brick 

*  Betson  Plastic  Fire  Brie  k  Co. 
Centrifugal    Apparatus 

De   Laval   Steam  Turbine   Co. 
Centrifugal    Pumps 

(See  Pumps.   Centrifugal) 
Chain    Grate    Stokers 

(See  Stoliers,  Chain  Grate) 
Chains    an<l    Chain    Links 

Jeff'rey  Manufacturing  Co. 
Channeling   Machines,    Mine 
and    Quarry 

*  Ingersoll-Rand  Co. 
Charging      Machines,       Fur- 
nace 

*  Alliance  Machine  Co. 
Chimneys,    Steel 

(See  Stacks,  Steel) 
Chucking    Machines 
Garvin   Machine  Co. 

*  Jones  &  Lamson  Machine  Co. 
Chute-s 

Fairmont   Alining   Much.   Co. 

*  Hunt  Co..  Inc..  C.  W. 
Jeffrey   Mfg.   Co. 

Chutes,    Gravity    Spiral 

Mathews  Gravity  Carrier  Co. 
Circulators,    Feed    Water 

Schutte  &   Koerting  Co. 
Circulators,    Steam    Heating 

Scliutte  &  Koerting  Go. 
Clamps,    Pipe- Joint 

Yarna II- Waring   Co. 
Clamps,    Wire    Rope 

(  See   Wire   Rope    Fastenings  i 
Clutch    Leathers 

(  See    Leathers,    Automobile  i 

f  lutches.    Friction 

*  Brown  Co..  A.  &  F. 

*  Falls  Clutch  &  Machinery  Co. 
Farrell  Foundrv  &  Machine  Co. 
Jeffrey   Mfg.  Co. 

*  Moore  &  White  Co. 

Coal  anil  Ash  Handling  Ma- 
chinery 

Fairmont  Mining  Mach.  Co. 

*  Green  Engineering  Co. 

*  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey  Mfg.   Co. 

Coal    Crushers 

*  Hunt  Co..  Inc..  C.  W. 
Jeffrey  Mfg.   Co. 

Orton  &  Steinbrenner  Co. 
Coal    Mine    Equipments    and 
Supplies 

Fairmont  Mining  Mach.  Co. 

Jeffrey   JIfg.   Co. 
Coal    Mining    Machinery 

*  InsersoU-Rand  Co. 
Jeffrey   Mfg.   Co. 

Coaling     Stations,     Loct»iuo- 
tive 

*  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey   xMfg.   Co. 

Cocks,    Air    and    Gage 
Ashton   Valve  Co. 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 

Cocks.         Three-Tvay         a  n  d 
Fonr-Tvay 

Lunkenheimer    Co. 
Coils,    Pipe 

National   Pipe  Bending  Co. 


Coke    Oven    Machinery 

*  Alliance  Machine  Co. 
Cold    Storage    Plants 

*  Di-  La  Vergne  Machine  Co. 
Combustion    Recorders 

Siniouda    ifc    Co..    tl.    L. 
Compressors.    Air 

De   Laval    Steam   Turbine   Co. 

*  Devine  Co.,  J.   P. 

*  General  Electric  Co. 

*  Goulds  Manufacturing  Co. 

*  Ilooven,  Owens,  Rentschler  Co. 

*  Ingersoll-Rand  Co. 
Mesta  Macliine  Co. 

*  Nordberg  Mfg.  Co. 
Compressors,     Air,     Centrif- 
ugal 

Lie  Laval  Steam  Turbine  Co. 
Coinpr*'ssoi*s.  Air,  Compound 

*  InuersolMiand  Co. 

*  Nordl.rrg  Mfg.  Co. 
Compressors,    Gas 

De   Laval    Steam   Turbine   Co. 

*  Hooven,  Owens,  Rentschler  Co. 

*  Ingersoll-Rand  Co. 
Mesta  Machine  Co. 

*  Nordberg  Mfg.  Co. 
Condensation     Pumps     ■tvith 

.\utoniatic    Receivers 
(See      Pumps.      Condensation. 
with  Automatic  Receivers) 
Condensers 

*  Devine  Co.,  J.  P. 

*  Nordberg  Mfg.  Co. 

*  Wheeler    Condenser    &    Engi- 

neering Co. 
Condensers,    Ammonia 

De  La  Vergne  Machine  Co. 
Condensers.    Barometric 

Mesta  Machine  Co. 

*  Wheeler    Condenser    &    Engi- 

neering Co. 

*  Wheeler  Mfg.  Co.,  C.   H. 
Condensers,    Jet 

General  Condenser  Co. 
Schutte  &  Koerting  Co. 

*  Wheeler    Condenser    &    Engi- 

neering Co. 

*  Wheeler  Mfg.  Co.,  C.   H. 
Condensers,    Surface 

(ieneral  Condenser  Co. 

*  Wheeler    Condenser    &    Engi- 

neering  Co. 

*  Wheeler  Mfg.  Co.,  C.   H. 
Controllers.    Automatic,    for 

Temperature    or    for    Pres- 
sure 
(See  Regulators) 
Controllers,    Electric 

*  General  Electric  Co. 
(^'onverters.    Synchronous 

*  General  Electric  Co. 
Conveying    Machinery 

Fairmont  Mining  Mach.  Co. 

*  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey  Mfg.   Co. 
Mathews  Gravity  Carrier  Co. 

Conveyors,    Belt 

Fairmont  Mining  Mach.  Co. 
Jeffrey  Manufacturing  Co. 

Conveyors,  Bucket,  Pan  or 
Apron 

Fairmont  Mining  Mach.  Co. 

*  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey  Manufacturing  Co. 

Conveyors,    Gravity 

Mathews  Gravity  Carrier  Co. 
Conveyors,     Gravity     Roller 

Jlathews  Gravity  Carrier  Co. 
C'onveyor.s.    Scre^v 

Jeffrey  Manufacturing  Co. 

Cooling    Ponds.    Spray 

Schutte  &  Koerting  Co. 

Cooling   ToTvers 

*  Wheeler    Condenser    ik     Engi- 

neering Co. 

*  Wheeler  Mfg.  Co..  C.   H. 

Copper,    Dra^vn 

*  Roebling's    Sous   Co.,   John    A. 

Copper    Wire    and    Cables 

(See   Wires   and   Cables.    Elec- 
trical I 

Copper  Converting   Machin- 
ery 

*  .\Ilianee  Machine  Co. 


Catalogue  data  of  firms  marked  *  appears  in  the  A.  S.  M.  E.  Condensed  Catalogues  of  Mechanical  Equipment,   1914   Volume. 
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CLASSIFIED     INDEX 


Corliss    Enelnes 

(See  Engines,  Corliss  l 

Counters,    Revoluiioii 

Asliton  Valvi/  C". 
Bristol  C... 

•  VeediT  Mfg.  Co. 

ConnterslioftM  ami  Belt 

Shifters 
BuiUh-rs   Iron    Kuiirj.lr.v 

Caantinii;     MacUines,      Aato- 
matie 

•  Vccdt-r  Mfg.  Co. 
CoupliiiKH,   Flexible 

•  Falls  Clutcli  &  Machinery  Co. 

•  Ilooveu,  Uwi'ns.  Uontscbler  Co. 

Conplings,    Pipe 

•  Lunkenheimer  Co. 

Couplings,   Shaft 

•  Brown  Co.,  A.  &  1". 
Cumberland  Steel  Co. 

•  Falls  Clutch  &  Macluncry  Co. 
.Ti'lTrev  Mfg.  Co. 

•  Moore  &  White  Co. 
Hoyersford     Foundry     &     Ma- 
chine Co. 

ConpliiiKH,   UmIoii 

(See   Unions) 
Cranes,  Electric  TravelUngr 

•  Alliance  Machine  Co. 
Box  &  Co.,  Alfred 
Manning,    Maxwell    &     Moore, 

Inc. 
Cranes,    Gantry 

•  Alliance  Machine  Co. 
Orton  &  Steiubrenner  Co. 
Manning,    Maxwell    &    Moore, 

Inc. 

Cranes,   Hand    Power 

Box   &  Co.,   Alfred 

•  Clyde  Iron  Works 

Cranes,   Hydranllc 

•  Alliance  Machine  Co. 

•  Wood  &  Co.,  It.  D. 

Cranes,    Jib 

•  Alliance  Machine  Co. 
Box  &  Co..  Alfred 

•  Wood  &  Co..  U.  D. 
Cranes,    Locomotive 

Orton  &  Steiubrenner  Co. 

Cranes,    Pillar 

Urton  &  Steinbrenner  Co. 

Cranes,    Portable 

•  Clyde  Iron  Works 
Crashers,   Roll 

Jeffrey  Manufacturing  Co. 
Orton  &  Steinbrenner  Co. 
Crnshinft  and  Grinrtinji;  Ma- 
chinery 

•  Fulton   Iron  Works. 
Jeffrey  Mfg.  Co. 

Cutters,  Pipe  and  Tnbe 

Ijagouda    .Manufacturing  Co. 


Damper    Re^'ulators 

(See    Regulators.    Damper) 

Derricks    and    Derrick    Fit- 
tings 

•  Clyde  Iron  Works 
Destrnetors,   Refuse 

Power    Specialty   Co. 
Die    Castin!!;s 

(See  Castings,  niel 
Dies,      Screw      and      Thread 
CuttinK  „     ,  . 

•  Jones  &  Lamson   Machine  Co. 
Dies,    Self-openins: 

•  Jones  &  Lamson  Machine  Co. 


Drllllne   Machines,  Vertical 

(jarvin   Machine  Co. 
Drop     ForBings,     Hammers, 
Presses,   etc. 

(See        i'orgings.        Hammers, 
Presses,  etc.   Drop  I 

Dryers,   Rotary 

•  Devine  Co.,  J.  P. 
Dryers,    Vacnuni 

•  Devine  Co.,  J.  1*. 
Dryintr   Apparatus 

•  Devine  Co.,  J.  P. 

Green   Fuel   Economizer  Co. 


Digesters.   Pulp 

•  nooven,  Owens,  Rentschler  Co. 

Discs,    Steel 

•  Aulpurn  Ball  Bearing  Co. 

Discs,   Valve 

(See   Valve    Discs) 
Draft,   Mechanical 

(See     Mechanical     Draft     Ap- 
paratus) 
Dredges,    Hydraulic 

•  Morris  Machine  Works 
Drilling   Machines,   Electric 

l''ortuna    .Macliine  Co. 
Drilling    Machines,    Hand 

I''ortuna   Machine  Co. 
Drilling  Machines.  Multiple 
Spindle 

(Jarvin  Macliine  Co. 

Drilling      Machines,      Pneu- 
matic 

•  Ingersoll-Itand  Co. 
Drilling  Machines.  Portable 

Fortuna    Machine    Co. 
Drilling    Machines,    Rock 

•  Ingersoll-Rand  Co. 


Economizers,   Fuel 

Ureen   Fuel   Economizer  Co. 

Ejectors 

•  Lunkenheimer  Co. 
Manning,    Maxwell    &    Moore, 

Inc. 
Schutte  &  Koertlng  Co. 
Electric  Generators,  Hoists, 
Trucks,    Welding,    etc. 
(.See         Generators.  Hoists. 

Trucks,    Welding,   etc..    Elec- 
tric) 
Electrical    Instruments 
Bristol  Co. 
Brown   Instrument  Co. 

•  General  Electric  Co. 
Weston    Electrical    Instnuiicnt 

Co. 
Electrical    Machinery 

•  General  Electric  Co. 
Elevating      and      Conveying 

Machinery 
Fairmont  Mining  Maeh.  Co. 

•  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey  Manufacturnig  Co. 
Mathews   Gravity   Carrier  Co. 

Elevators,    Inclined 

(See    Carriers    aud    Elevators, 
Freight,   Continuous) 
Emery    Wheels,    Vulcanized 
Rubber 

Manhattan  Rnl)ber  Mfg.  Co. 
Emery   Wheel    Dressers 

Builders    Iron    fmindry 
Engine    Stops 

•  Nordberg  Mfg.   Co. 
Schutte  &  Koertiug  Co. 

Engines,   Automatic 

•  Ball  Engiue  Co. 
Engines,    Blowing 

•  Hooven,  Owens,  Rentschler  Co. 
Mesta  Machine  Co. 

•  Nordberg  Mfg.   Co. 
Engines,    Corliss 

•  Ball  Engine  Co. 
Brown   Engine   Co. 

•  Fulton  Iron  Works 

•  Hooven,  Owens,  Rentschler  Co. 
Mesta  Machine  Co. 

•  Nordberg  Mfg.   Co. 
Providence  Engineering  Works 

Engines,   Gas 

•  De  La  Vergne  Machine  Co. 

»  Hooven,  Owens,  Rentschler  Co. 
Mesta  Machine  Co. 

•  National  Meter  Co. 
Engines,    High    Speed 

•  Bail  Engine  Co. 

•  Fulton  Iron  Works 
(;reen   P'uel  E(  onomizer  Co. 

•  Nordberg  Mfg.  Co. 
Engines.    Hoisting 

(See  Hoi-sts,  Steam) 
Engines,   Oil 

Brown    Engine   Co. 

•  De  La  Vergne  Machine  Co. 

•  Fulton  Iron  Works 

•  Nordberg  Mfg.  Co. 
Engines,    Poppet    Valve,    for 

Su|>erlieated    Steam 
Nordberg   Manufacturing  Co. 


Excavating   Machinery 

*  Clyde  Iron  Works 
Orion  &   Steinbrenner  Co. 

Exhausters,   Gas 

Green    Fuel    Ec<momlzer  Co. 

Schutte  &  Koerting  Co. 
Expansion   Joints 

(See  Joints,  Expansion) 
Extracting   Apparatus 

•  Devine  Co.,  J.  P. 


Fans,    Electric 

Green  Fuel  Economizer  Co. 

Fans,    Exhaust    and    Venti- 
lating 

Green   I'nei  E(  onomizer  Co. 
Jeffrey  Mfg.  Co. 
Feed       'Water       Circulators, 
Heaters,    Heaters  and  Puri- 
Hers,    Regulators,    etc. 
(See       Circulators,       Heaters. 
Heaters  and  Purifiers,   Reg- 
ulators,  etc..    Feed   Water  i 

Filters,    Air 

General  Conden.ser  Co. 
Fire   Tube   Boilers 

(.".ee  Boilers.  Tub\ilar) 
Fire  Brick,  Hydrants,  etc. 

(See  Brick,   Hydrants,  etc.) 
Fittings,    Ammonia 

•  De  La  Vergne  Machine  Co. 
Fittings,    Flanged 

Builders  Iron   I'ouiiilry 

•  Lunkenheimer   Co. 
Nelson  \'alve  Co. 

•  Wood  &  Co..  R.  D. 
Fittings.    Hydraulic 

»  Wood  &  Co.,  R.  D. 
Fittings,    Pipe 

•  Lnnkenheinier  (_'o. 

Fittings,    Steel 

•  Lunkenheimer  (Jo. 
Nelson  Valve  Co. 

Flanges 

•  Lunkenheimer  Co. 

Floor    Stands 

Davis  Regulator  Co..   G.   M. 

•  Lunkenheimer  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 

Forges 

•  IngersoU-Raud  Co. 
Forging    Presses 

(See  Presses,   Forging i 
Friction    Clutches 

(See  Clutches.    Friction) 
Frogs    and    Switches 

Rail  Joint  Co. 
Fuel    Economizers 

(See  Economizers,    l-'uel ) 
Furnace  Linings 

(See  Linings,  Furnace) 
Furnaces,    Boiler 

.\merican  Engineering  Co. 

Babcock  &  Wilcox  Co. 

•  Green  Engineering  Co. 

•  Murphy  Iron  Works 

Furnaces,   OH 

•  Ingersoll-Rand  Co. 

Furnaces,   Smokeless 

American  Engineering  Co. 
Babcock  &  Wilcox    Co. 

•  Green  Engineering  Co. 

•  Murphy  Iron  Works 


Engines,    Pumping 

•  Hooven,  Owens,  Rentschler  Lo. 
Mesta  Machine  Co. 

»  Morris  Machine  Works 

•  Wood  &  Co.,  R.  D. 

Engines,    Stenni 

•  Ball  Engine  Co. 
rirown  Engine  Co. 

•  Clyde  Iron  Works 

•  Fulton  Iron  Works 
Green  I'"uel  Economizer  Co. 

•  Hooven,  Owens,  Rentschler  Co. 
Mesta  Machine  Co. 

•  Morris  Machine  Works 

•  Nordberg  Mfg.  Co. 
Providence  Engineering  Works 

•  Wheeler    Condenser    &    Engi- 

neering  Co. 

Engines,    UnlfloM 

•  Nordberg  Mfg.  Co. 


Gage   Boards 

;\shton  Valve  Co. 

Gage    Testers 

.Ashton  Valve  Co. 
Gages,    Ammonia 

.\shton  Valve  Co. 
Gages,  Differential  Pressure 

Bristol  Co. 

Builders  Iron   Foundry 

Industrial  Instrument  Co. 

Gages,  Draft 

.Vshton  Valve  Co. 
Bristol  Co. 
Brown  Instrument  Co. 
Industrial    Instrument  Co. 
Slmonds  &  Co..  G.  I,. 

•  Tagliabue  Mfg.  Co.,  C.  J. 
Gages,   Hydraulic 

.Vshton  Valve  Co. 
Gages,   Pressure 
Ashton  Valve  Co. 
Bristol  Co. 
Brown  Instrument  Co. 

•  Goulds  Manufacturing  Co. 
Industrial  Instrument  Co. 
Manning.     Maxwell    &    Moore. 

Inc. 


Gages,  Vacuum 

.Ashton  Valve  Co. 
Bristol  Co. 

Brown  Instrument  Co. 
Industrial  Instrument  Co. 

•  Tagliabue  Mfg.  Co.,  C.  J. 

Gages,  Water 

.-\shton  Valve  Co. 

•  Jenkins  Bros. 

•  Lunkenheimer  Co. 

Gages,  Water  Level 

Bristol  Co. 

Industrial   Instrument  Co. 
Gas  Analysis  Instruments 

Slmonds  &  Co..   G.   L. 
Gas     Burners,    Compressors, 
'      Engines,     Exhausters, 
Holders,   Producers,   etc. 
(See      Burners,      Comitressors. 
Engines,    Exhausters,     Ilold- 
',  ers,  Pr(jducers,  etc..  Gasi 

Gas    Cleaning   Plants 

•  Wood  &  Co.,   R.  D. 

I  Gas   Plant   Machinery 

•  Wood  &  Co.,  R.  D. 
Gaskets 

•  Goodrich  Co.,  B.  F. 

•  Jenkins  Bros. 
Manhattan  Rubber  Mfg.  Co. 
Power  Specialty  Co- 
Gasoline 

•  Texas  Co. 
Gates,    Cut-off 

•  Hunt  Co.,  Inc.,  C.  W. 
Gates,    Sluice 

•  Wood  &  Co..  R.  D. 
Gear   Shapers 

»  Fellows   Gear   Shaper  Co. 

Gears,    Cut 

»  Brown  Co..   A.  &  F. 
De   Laval    Steam   Turbine   Co. 
Garvin   Machine  Co. 
James   Mfg.   Co.,    D.   O. 
Jeffrey  Mfg.  Co. 
Mesta  Machine  Co. 
New  Process  Gear  Cor|,. 

Gears,   Fibre 

•  General  Electric  Co. 
James  Mfg.  Co.,  D.  O. 
New  Process  Gear  Corp. 

Gears,  Machine  Molded 

•  Brown  Co..  A.  &  F. 
Mesta  Machine  Co. 

Gears,  Rawhide 

James  Mfg.  Co.,  D.  O. 

New  Process  Gear  Corp. 
Gears.  Speed  Reduction 

De  Laval  Steam  Turbine  Co. 

James  Mfg.  Co..  D.  O. 
Gears,  Worm 

James  Mfg.- Co..   D.  O. 
Generating   Sets 

De  Laval   Steam  Turbine  Co. 

•  General  Electric  Co. 
Generators,   Electric 

De  Laval   Steam  Turbine  Co. 

•  General  Electric  Co. 
Glass  Machinery.  Plate 

•  Hooven,  Owens,  Rentschl-r  Lo. 
Mesta  Machine  Co. 

Governors,  Pump 

Davis  Regulator  Co..  G.  JI. 

Greases 

Royersford     Foundry     &     •>!»- 
chine  Co. 

•  Texas  Co. 

Grease   Cups  „ 

(See  Oil  and  Grease  Cupst 

Grease  Extractors 
(  See  Separators.  Oil) 

Grinders 

•  Brown  Co.,   A.  &  F. 
Grinding    or    Polishing    Ma- 
chines 

Builders  Iron  Foundry 
Garvin  Machine  Co. 
Royersford     Foundry     ,>t     Ma- 
chine Co. 
Grinding      Machines.      Port- 
able. Pneumatic 

•  Ingersoll-Rand  Co. 


Hammers.  Drop 

•  Alliance  Machine  Co. 
Hammers.    Pneumatic 

•  Ingersoll-Rand  Co. 
Hammers,    Steam 

•  Alliance  Machine  Co. 
Hangers,   Shaft 

•  Brown  Co.,  A.  &  F. 

•  Falls  Clutch  &  Machinery  Co. 
Jeffrey  Mfg.  Co. 
Royersford     Foundry     .t     Ma- 
chine Co. 
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HeaterM,       Feed       "W  a  t  e  r 

(Closed) 

Natiuiiul  Pipe   Mending  Co. 
Schutte  &   Koerting  Co. 

*  WlU'clor    Condenser    &    Engi- 

neering Co. 

*  Wbreler  Mfg.   Co.,   C.   H. 
Heaters.  Metering? 

Uarii>>nii    Safity   1' oiler  Works 

Heaters  and  Purifiers,  Feed 
Water    (Open) 

Harrison   f^alciy    Boiler  Works 

National   Pipi'   Bending  Co. 
Heating'   ItoilerM 

(See   I^.oilers,    Heating) 
Heating       and       Ventilating 
Apparatus 

(ireen  Kiiel  Economizer  Co. 

*  Smith   Co..    H.   B. 
Hoisting       and       Conveying 

Slaeliinery 
I  tux   ^  Co..   Alfred 

*  Civile   Iron   Works 

*  Hunt  Co..  In<-.,  C.  W. 
.Jeffrey   Mfg.   Co. 

Ortou   &   Steiiihrenner  Co. 
HoistM.    Air 

*  Ingersoll-Rand  Co. 

*  Nordberg  Mfg.  Co. 
Hoists.   Belt 

Clyde   Iron  Works 
Hoists,    Flectric 
♦Alliance  Machine  Co. 
Box  &  Co..  Alfred 

*  Clyde  Iron  Works 

*  General  Electric  Co. 

*  Hunt  Co.,  Inc..  C.  W. 

*  Nordberg  Mfg.  Co. 
Orton  &   Stciubrenncr  Co. 

Hoists,    Hand 

*  Clyde  Iron   Works 
Hoists,    Sl£ip 

*  Hunt  Co.,   Inc..   C.    W. 
lltti.stN,    Steiiiii 

*  Clyde  Iron  Works 

*  Hunt  Co.,  Inc..  ('.  W. 
Mesta  Macbiue  Co. 

*  Morris  Machine  Works 

*  Nordberg  Mfg.   Co. 
Orton  &   Steinbreuner  Co. 

Holders,   Gas 

*  Wood  &  Co.,    K.    D. 
Kose,    Air 

'■^  Goodrich  Co..    B.  F. 

*  Ingersoll-Rand  Co. 
Manhattan    lUilil>er   Mfg.    Co. 

Hose,    I'inen 

*  Goodrich   Co..    B.    F. 
Manliattaii    lluiibcr   Mfg.    Co. 

Hose,    Oil 

*  Goodricii   <_'(»..    B.    F. 
Manhattan    Kut.b.-r   Mfg.    Co. 

Hose,    Rubber 

*  Goodrich  Co..    B.   F. 
Manhattan    Buiil.-r   Mfg.   C<.- 

Hose,    Steam 

*  Goodrich  C<i..   B.   F. 

*  Ingersoll-Rand  Co. 
Manhattan    Rul'l«'^r  Mfg.   Co. 

Hose,    Snetion 

*  Goodrich   Co..   B.   F. 
Manhattan    Hulib'T   Mfg.    Co. 

Hose  Attaeliments  (Coup- 
liugs.  Hands.  Holders. 
Clumps,  etc.) 

*  Goodrich   Co.,   B.   F. 

*  Ingersoll-Rand   Cr). 
Manhattan    Rubber   Mfg.    Co. 

Hydrants,   Fire 

*  Wood   &   Co.,    R.    D. 
Hydrnnlio        Jaeks,        Ranis, 

Presses,  Turbines,  etc, 
I  See     Jacks,      Rams,      Presses. 
*     Turbines,  etc..    Hydraulic) 
Hydraulic    Machinery 

*  Alliance   Machine   Co. 

*  Wood    &   Co..    R.    D. 

Hydrokineters 

Schutte  ix.  Knerriag  Co. 

Hydrometers 

*  Tagliabue  Mfg.   Co..  C.  .1. 

Hygrometers 

Brown  InstrnmM.t  Co. 
^Tagliabue  Mfg.   I'o.,  C.  .1. 


l-Beam    Trolleys 

'See  Trolleys.  I-P.oam) 

Ice    and    Refrigeration    Ala- 
*'Iiinery 

*  De  Lii  Vergne  Machine  Co. 

Impregnating    Apparatus 

*  Devine  Co.,  J.  P. 

Incandescent  Lanii>s 

(  See   Lamps.   Incandr»seentl 


Indicator    Posts 

*  Wood   &   Co..    R.    1). 
I  ndicators,    Cngine 

Manning,     Maxwell     \     Moori-- 
Inc. 
indicators.    Smoke 

Sini'iuds  &  Cn.     *i     I,. 
Indicators,    Speed 

Brown    Instruiiicnf   Co. 

*  Veedcr  Manufacturing  C<t. 
Westun    Flectrii  al    Instrnineui 

Co. 

Industrial    RailMay    Equip- 
ment 

*  Hunt  Co,,   Inc..   C.   \V. 
Injectors 

Manning,     Maxwell     «.^:     .Moon'. 
Inc. 

*  Lunkenheimer  Co. 
Schutte  &  Koerting  C<i. 


Jigs    and   Fixtures 

Cowdrey  Machine  Works.  C.  H. 

Joints,    Expansion 

*  Lunkenheimer  Co. 
Power  tSpocialty  Co. 

*  Wheeler     Condenser     iV     l-Iiigi- 

neering  Co. 

*  Wheeler  Mfg.  Co.,  <.'.   H. 
Joints,    Rail 

Rail  Joint  Co. 
Jolt  Ramming  MaehineN 
(See    Rammers.    Foundry  • 


Lamps,      Incandescent      and 
Arc 

*  General  Electric  Co. 
Land-Clearing  Machinery 

*  Clyde  Iron  Works 
Lathes 

Builders   Iron   Foundry 
Garvin  Machine  Co. 

*  Jones  &   Lamson   Machine  i'o. 
Manning.    Maxwell    &    Moore, 

Inc. 

*  Warner  &  Swasey  Co. 
Lathes,   Automatic 

♦Jones  lS:   Lamson    Mai  biiM'   i'o. 
Lathes,    Brass 

(iarvin    .Machine  Co. 

*  Warner  &   Swasey  Co. 
Lathes,    Chncking 

'"Junes  A;   Lamson   Machine   Go. 
Latiies.   Turret 

Garvin  Machine  Co, 

*  Jones  &  Lam.sou   Machine   Co. 
^'  Warner  iV;  Swasey  Co. 

Lcjither      Ilelting.      I'arUiiig, 
etc. 

I  See     Belting,      racking,     etc, 
I^eather) 
Leathers,   Automobile 

Schieren  Co..  Chas.  A. 
Leathers,   Pump 

•Schieren  Co..  Chas.   .\. 

Williams  &  Sons.   I.   B, 
Lightning   Arresters 

*  General   Electric  Co. 
Linings,   Furnace 

*  Betson  Plastic  Fire  Brick   Co. 
Loaders,   Box   Car 

Fairmont  Mining  Mach.  Co. 
Locomotives.         Compressed 
Air 

*  iDgersolI-Rand  Co. 
LocomotiT'e,    Kleetric 

*  General  Electric  Co. 

*  Hunt  Co.,   Inc.,  C.  W. 
Jeffrey   Mfg.   Co. 

Logging  Machiner>  * 

*  Clyde  Iron  Works 
Lubricants 

Royersford      Foumiry      vV:      .Ma 
chine  Co. 

*  Texas  Co. 
Lubricators 

*  Lunkenheimer  Co 

Lubricators,  Force-Feed 

*  Lunkenheimer  Co. 

Lubricators,    Hydros  tat  i<- 

*  Lunkenheimer  Co. 


Machinery 

(Is  classified  under   the  head- 
ings  descriptive  of  <■!  :irnc 
ter  thereof  I 
Machinery  Dealers 
Garvin   Machine  Co 
Manning.     Maxwi'll     ^V;     Moor-' 
Inc. 
Machinists  and  Kngineers 
•  Brown   Co..   A.   &  F. 
liiiibicr^    I  roti    I'oMiidry 


Cowdrey  Machine  Works.  C.  H. 

*  Wood  &  Co..   R.   D. 

.tlechanical  Draft  Apparatus 

Green  Fuel   lOi  onoiitiz''!-  Co. 
Mechanical    Stokers 

(See   Sl<tkers) 
Metal   Work,   Plate 

Heine  Safety   Boiler  Co. 

*  Keeler  Co.,  E. 

*  Wood  &  Co.,   R.   I>. 
Meters,   Air,   Steam   anil    tins 

Builders  Iron   Foundry 

*  General  Electric  Co. 

Meters,  Electric 

Bristol    Co. 

Brown    lustrnmei  i    Co. 
•General   Electric  Co. 

Meters,    V-Xotch 

Harrison   Safety    P.-iiler    W.irks 
Yarnall-Waring"  Co. 

Meters,  Venturi 

Builders  Iron   Founihy 

*  National  Meter  Co. 
Meters,  Water 

Builders  Iron   Foundry 

*  General  Electric  Co. 
Harrison   Safety   Boiler    Works 

*  National  Meter  Co. 
Yarnall-Waring   Co. 

Milling   Attachments 

Garvin  Machine  Co, 

Milling   Machines,    Hand 

Garvin  Machine  C< 
Milling    Machines,    lloi-i/.on- 
tal 

Garvin  Machine  Co. 

Milling   Machines,   Plain 

Garvin  Machine  Co. 

*  Warner  &  Swasey  Co. 

Milling  Machines,  Universal 

Garvin   Machine  Co. 

Milling  Machines,   Vertical 

(jarvin   Machine  Co. 

31  ills.     Blooming     and     slub- 
bing 

Mesta   Machine  Co. 

Mills,  Sheet  and  Plate 

Mesta  Machine  Co. 

Mills.    Structural,    Kail     :i  n  I 
Bar 

Mesta   Machine  Co. 

Mills,   Sugar  Cane 

*  Fulton   Iron   Works 
Mesta   Macbiue  Co. 

Monorail  Systems 

(See   Tramrail    Sysrcms.    (tver- 
head) 
Motors,    Compressed    .Vir 

*  Ingersoll-Rand  Co. 
M<»tors,   E^Iectric 

*  General   Electric  Co. 


iXozzles,  Blast 

Schutte  &  Koeniui;  Co. 
\4>zzles.  Sand  and  Air 

*  Ingersoll-Rand  Co. 
^  Lunkenheimer  Co. 

\ozzles.    Spray 

Schutte  &  Koertii  ,:;   Co. 


Odometers 

*  Veeder  Manufacturing  Co. 
Oils,   Fuel 

•'  Texas  Co. 
Oils,  Lubricating 

*  Texas  Co. 

Oil   Burning   Systems 
Schutte  &  Koertiny   Co. 

Oil   Testing   Instruments 

♦Tagliabue  Mfg.  Co..  C.   .1. 
Oil    and   Grease   Clips 

*  Lunkenheimer  Co, 
Oiling   Devices 

*  Lunkenheimer  Co. 
Oiling    Systems 

*  Lunkenheimer  Co. 

Oil  Burners.  E^ngines,  LMl- 
ters.  Pumps,  Separators, 
etc. 

(See  Burners.  Engines.  Filters, 
Pumps.   Separators,  etc..  Oil) 

Ore    Handlinc;   Machinery 

*  Hunt    Co..    Inc..    C.    W. 
Jeffrey   Mfg.   Co. 


"aeking.  Hydraulic 

*  Goodrich  Co.,   B.  F. 
Manhattan    Rubber   Mfg.   Co. 
Power  Specialty   Co. 


Schieren  Co.,  Chas.  .\ 

Williams  &  Sons,  I.  B. 
Packing,    Leather 

Schieren  Co..  Chas.  .\. 

Williams  &  Sons.  I.   l:. 
Packing,  Metallic 

Power  Specialty  Co. 
Packing,     Rod     (Piston     and 
Valve) 

*  Goodrich   Co.,   B.   F. 

*  Jenkins  Bros. 
Manhattan    Rubber  Mfg.    Co. 
Power  Specialty  Co. 

Packing,    Rubber 

*  Goodrich  Co..   B.  F. 

*  Jenkins  Bros. 
Manhattan    Rubber  Mfg.    Co. 

Packing,    Sheet 

*  Goodricii  Co..   B.   F. 

*  Jenkins  Bros. 
Manhattan    Rubber   Mf^.    Co. 

Pans,    Vacuum 

*  Devine  Co.,  J.  P. 

*  Wheeler     Condenser    A:     i-^ngi- 

neering   Co. 
Paper    Machinery 

*  Moore  &  White  Co. 
Petroleum    Products 

*  Texas  Co. 
Piclcling  Machines 

Mesta  Machine  Co. 
Pile    Drivers 

*  Clyde  Iron  Works 

Pile   Drivers,    Sheet 

*  Ingersoll-Rand  Co. 
Pinions,   Rolling   Mi   I 

Mesta  Machine  Co. 
Pinions,    Ra^vhide 

New  Process  Gear  Corp. 
Pipe,  Cast   Iron 

Builders  Iron  Foundr-y 
Pipe,    Riveted    Steel 

*  Keeler  Co.,  E. 

Pipe  Bends   and   Pij>e    Bend- 
ing 
National  Pipe   Bending  Co. 

Pipe     Coils,    Covering,     Cut- 
ters, Fittings,  Joints,  etc. 

(See   Coils,   Covering,   Cutters. 
Fittings.  Joints,  etc..  Pipe) 
Pipe   Joint  Clamps 

(See  Clamps,  Pipe  Joint) 
Piston   Valves 

(See  Valves.  Piston) 
l*laners.    Metal 

Manning.    Maxwell    \     Moore. 
Inc. 
Plate   Metal  Work 

(See  Metal  Work.  Plate) 
Pneumatic      Pumping      Sys- 
tems 
( See    Air    Lift    Pumping    Sys- 
tems ) 
Pneumatic  Tools 

*  Ingersoll-Rand  Co. 
Polishing      Machinery 

I'uilders  Iron   I''ouin!i\ 
Royersford     Foundry     ^V;     Ma- 
chine Co. 
Poppet  Valve  Kngines 

(Sec   Engines,  Popiiet   Valve i 
Poorer      Transmission       .>ia- 
chinery 

*  Brown   Co.,  A.   &  F. 

*  Falls  Clutch  &  Machinery  Co. 
Farrel  Foundry  &  Machine  Co. 
.ieffrey   Mfg.    Co. 

*  Moore  &  White  CN.. 
Royersford      Foundry      **!;      Ma 

chine  Co. 
Presses,  Hydrauli** 

*  Alliance  Machine  Ctt. 

*  Falls  Clutch  &  Machinery  Co. 
Manning,    Maxwell    &    Moore. 

Inc. 
Mesta  Machine  Co. 
^^j^JVpod  &  Co.,   R.   D. 
Presses,      Forging      ( Stejiiu- 
Hydranlic) 
Mesta  Machine  Co. 

*  Wood  &  Co.,   R.   D. 

Presses,     Punching     and 
Trimming 

Royersford  ■  Foundry     &     Ma 
chine   Co. 
Pressure   Regulators 

(See   Regulators.   Pressure) 
Producers.    Gas 

*  De  La  Vergne  Macliine  Co. 

*  Wood  &  Co.,   R.   D. 
Profiling  Machines 

Garvin  Machine  i\i. 
Propellers 

*  Morris   !Machinr   Works 
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I'nileys,   Iron 

•  r.rowii  Co.,  A.  &  I<. 

•  Falls  Clutch  &  Maclnnery  Co. 
.IcITny    Mfg.   Co. 

I'uIverizerB 

•  Hrown  Co.,  A.  &  F. 
,Jeirie.v  -MfK-  Co. 

Pump      Governom,      Valveii, 

( See    Governors.    Valves,    etc.. 
Pump) 
Pmnplng  Engines 

(><ce  Engines,  I'umpmg) 
I'umpinK  Machinery 

lie  I.aviil  Stoani  Turbine  Co. 

•  Coulds   .Manufacturing  Co. 

•  Morris  Co..   1.   1'. 

•  Morris  Machine  Works 
Providence  Knginecring  \Vorks 

•  Wlicclor    Coniienser    &    B^ngi- 

neering  Co. 

•  Wbeelcr  Mfg.  Co.,  C.   11. 

•  Wood  &  Co.,  It.  I). 

Pnmps,    Air 

Cencral  Condenser  Co. 

•  (ioulds   Manufacturing  Co. 

•  Wlieeler     Condenser     &    Engi- 

neering Co. 

•  Wlieeler  Mfg.  Co.,  C.  11. 

PunipH,   Boiler   Feed 

III'  Laval  Steam  'I'urlmic  Li'. 
'ilculds  Manufacturing  Co. 
I'rovidence  Engineering  Works 

•  Wheeler  Mfg.  Co.,  C.  n. 
Pumps,    Centrifugal 

De  Laval  Steam  Turbine  Co. 

•  Ooulds  Manufacturing  Co. 

•  Morris  Co.,   I.   P. 

•  Morris  Machine  Works 
Providence  Engineeriiii:  ^  orks 

•  Wheeler    Condenser    &    Engi- 

neering Co. 

•  Wheeler  Mfg.  Co.,  C.  H. 

•  Wood  &  Co..  K.  D. 
Pnmps,    Condensation,    wltli 

.Automatic   Receivers 

•  Wheeler  Mfg.  Co..  C.  II. 

Pnmps.    Deep   Well 

•  Goulds  Manufacturing  Co. 

•  Ingersoll-Rand  Co. 

•  Morris  Machine   Works 

Pnmps,   Dredsing 

De  Laval    Steam   Turbine  Co. 

•  Morris  Machine  Works 
'  Wood  &  Co..   H.   D. 

Pnmps,   Dry   Vacuum 

(See  Pumps.  Vacuum  I 

Pnmps,    Electric 

De   Laval    Steam   Turbine  Co. 
Fairmont  Mining  Mach.  Co. 

•  Goulds   Manufacturing  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co.,   U.  P. 

Pnmps,   Hand 

•  Goulds   Manulactunng  Co. 

Pnmps,   Hydraulic   Pressure 

•  Goulils  Manufacturing  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co.,   K.   D. 

Pumps.    Oil  ^^ 

•  Goulds   Manufacturing  Co. 

•  Lunkenheimer  Co. 

•  Wood  &  Co.,   R.   D. 
Pnmps.  Oil,  Force-Peed 

•  Lunkenheimer  Co. 

Pnmps,    Po-n-er         ,.     .      „ 

Fairmont  Mining  Mach.  Co. 
•Goulds  Manufacturing  Co. 

•  Wood  &  Co.,   R.  D. 

Pnmps,    Rotary 

•  (Ioulds  Manufacturing  Co. 

Pumps,    Steam 

•  Wheeler    Condenser    &    Engi- 

neering Co. 

•  Wheeler   Mfg.   Co.,   C.    H. 

Pnmps,    Sump  . 

De   Laval    Steam   Turbine   Co. 
Fairmont   Mining  Mach.  Co. 

•  Goulds  Manufacturing  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co.,   R.   D. 
Pumps,   Tank 

•  (Jcmlds  Manufacturing  <^o. 

•  Wheeler  Mfg.    Co.,    C    U. 

•  Wood  &  Co..   R.   D. 
Pumps,   Tnrliine 

De  Laval  Steam  Turbine  Co. 

•  General  Electric  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co..   R.   D. 
Pnmps.   Vacuum 

•  Devine  Co..  .1.  P. 
General  Condenser  Co, 

•  Goulds  Manufacturing  Co. 

•  Nordberg  Mfg.   Co. 


•  Wheeler    (Vindenser    &    Engi- 
neering Co. 

•  Wheeler  Mfg.  Co.,  C.  H. 
Puncbes,    Hydraulic 

.Mliance  Machine  Co. 

•  Wood  &  Co.,  R.   U. 
Punches.   Ponrer 

Koyersford     Foundry     &     -Ma- 
chine  Co. 
Punches,    Multiple 

•  Wood  &  Co.,   R.  U. 
Punches    and    Dies 

lioversford      Foundry     k     Ma- 
chine  Co. 
Punching  and  Shearing  Ma- 
cliifies 

•  Alliance  .Machine  Co. 
Royersford     Foundry     &     Ma- 
chine Co. 

•  Wood  &  Co.,   R.  D. 
Purifying       and       Softening 

Systems.    >Vater 
Harrison   Safety   Boiler  Works 

Pyrometers,   Electric 

Bristol    Co. 

Brown   Instrument  Co. 

Industrial  Instrument  Co. 

•  Tagliabue  Mfg.  C.>.,  C.  .1. 
Pyrometers,    Mercurial 

.\shton  Valve  Co. 
Brown   Instrument  Co. 
Industrial  Instrument  Co. 
»  Tagliabue  Mfg.  Co.,  C.  ,1. 
Pyrometers.    Radiation 
Brown  Instrument  Co. 


Qnnrry   Machinery 

•  Ingersoll-Rand  Co. 


Racks,   Cut  ^ 

.Tames  Mfg.  Co..   D.  O. 
Radiators,   Indirect 

•  Smith   Co.,   H.   B. 

Radiators,    Steam 

•  Smitli  Co.,   H.  B. 

Rail  Joints 

(See  Joints,   Rail) 

Railways       for       Industrial 
Purposes 

»  Hunt   Co..    Inc.,   C.    W. 

Railways,    Cable   and    Auto- 
matic ,     ^ 

Fairmont  Mining  Mach.  Co. 

•  Hunt   Co.,    Inc.,   C.    W. 

Rammers,  Foundry 

•  Ingersoll-Rand  Co. 

Rams,    Hydraulic 

»  Goulds  Manufacturing  Co. 

Receivers.  Air 

•  Devine  Co.,   J.   P. 

•  IngersoU-Kand  Co. 

•  Nordberg  Mfg.   Co. 

Recording  Instruments 

Ashton  Valve  Co. 
Bristol  Co. 

Brown   Instrument  Co. 
Builders  Iron  Foundry 

•  General  Electric  Co. 
Harrison  Safety  Boiler  Works 
Industrial   Instrument  Co. 
Varnall-Waring  Co. 

Refrigerating    Machinery 

•  De  La  Vergne  Machine  Co. 

Refuse  Destructors 

(Sec  Destructors.   Refuse  1 

Regulators.    Blo*ier 

Davis  Regulator  Co.,  G.  M. 
•Tagliabue  Mfg.  Co..   C.   .1. 

Regulators,    Damper 

L>avis  Regulator  Co..  !■.  -M. 

Regulators,   Electric 

•  General   Electric  Co. 
Regulators,    Floiv    (Stenml 

Davis  Regulator  Co..  G.  M. 
Schutte  &  Kocrting  Co. 

Regulators,   Pressure 

Davis  Regulator  Co..  G.  M. 

•  Tagliabue  Mfg.   Co..   C.   .1. 

Regulators,   Pnmp 

(See  Governors,    Pump) 

Regulators,   Temperature 

•  Tagliabue  Mfg.  Co.,   C.   .T. 

Resenting   Machines 

l.agonda    Manufa.  (uring  Co. 

Relardors.    Mine    and     Rail 
rond    Car 

Fairmont  Mining  Mach.  Co. 


Revolution    Counters 

(See  Counters,  Revolution) 

Riveters,    Hydraulic 

•  Alliance  Machine  Co. 

•  Wood  &  Co..   K.   D. 
Riveters,   Pneumatic 

•  Ingersoll-Rand  Co. 
Roller  Bearings 

(See  Bearings,   Roller) 
Rolling    Mill    Machinery 

•  .■Vlliance  Machine  Co. 
Mesta  Machine  Co. 

Rolls,    Forging 

Mesta  Machine  Co. 
Rolls,      Sand,      Chilled      and 
Steel 

Farrel  Foundry  &  Machine  Co. 

Mesta  Machine  Co. 
Rolls,   Rubber 

•  Goodrich   Co.,    B.    F. 
Manhattan    Rubber   Mfg.   Co. 

Roofing 

•  Texas  Co. 
Roi>e   Drives 

•  Brown    Co..    A.   &  F. 

•  Falls  Clutch  &  Machinery  Co. 
Jeffrey   Mfg.  Co. 

Rope,    Hoisting 

•  Clyde   Iron   Works 

•  Hunt  Co.,   Inc.,  C.   W. 
Roebling's  Sons  Co..  John  A. 

Rope,   Transmission 

•  Hunt  Co.,   Inc..  C.   W. 
Roebling's  Sons  Co.,  John  A. 

Rope,   Wire 

•  Clyde  Iron  Works 
Roebling's  Sons  Co.,  John  .\. 

Rubber  Goods,  Mechanical 

•  (joodrich  Co.,   B.  F. 

•  Jenkins  Bros. 
Manhattan    Rubber   Mfg.    Co. 


Sand  Blast  Apparatus 

•  De  La   Vergne  Machine  Co. 

•  Ingersoll-Rand  Co. 
Lunkenheimer  Co. 

Screens,  Revolving 

Fairmont  Mining  Mach.  Co. 
Jeffrey   .Manufacturing  Co. 

Screens,    Shaking 

Fairmont  Mining  Mach.  Co. 

Jeffrey   Manufacturing  Co. 
Screw   Cutting  Dies 

(See   Dies.    Screw   and   Thread 
Cutting) 
Screw  Machines,  Hand 

Garvin  Machine  Co. 

•  Jones  &  Lamson  Mach.  Co. 

•  Warner  &  Swasey  Co. 
Screws,   Safety   Set 

Bristol    Co. 
Separators,  Air 

General  Condenser  Co. 
Separators,    Ammonia 

•  De  La  Vergne  Mai'bine  Co. 

Separators,    Oil  ,,      ,  .        ^ 

•  De  La   Vergne  Machine  Co. 
General  Condenser  Co. 
Harrison   Safety  Boiler  Works 
National  Pipe  Bending  Co 


Slnlce   Gates 

(  See  Gates.  Sluice  I 
Smoke  Indicators 

(See    Indicators,    Smoke) 

Smoke    Stacks   and   Floes 

(See   Stacks,    Steel) 
Special    Machinery 
»  Brown   Co.,   A.   &  F. 
Builders  Iron  Foundry 
Cowdrey  Machine  Works.  C.  II. 
Farrel  Foundry  &  Machine  Co. 
Garvin  Machine  Co. 
Mesta  Machine  Co. 

•  Morris  Co.,  1.  P. 
Providence  Engineering  Works 

•  Wood  &  Co..    R.    D. 

Speed  Transniissions,  Va- 
riable 

•  Moore  &  White  Co. 

Speed  Reducing  Transmis- 
sions 

De  Laval   Steam  Turbine  Co. 
James  .Mfg.  Co..   D.  O. 

Spirals,  Gravity   Roller 

Mathews    Gravity    Carrier   Co. 

Spray  Nozzles 

(See   Nozzles.   Spray) 

Sprockets 

Jelfrey    Manufacturing   Co. 

Sockets,  'Wire  Rope 

(See   Wire    Kope    fastenings) 

Soot  Blowing  Systems 

Simonds  Ac  Co.,  G.   L. 

Stacks,   Steel 

Heine  Safety  Boiler  Co. 

•  Keeler  Co.,  E, 

Stamps.   Steam 

•  Nordberg   Manufacturing   Co. 

Steam  Engines.  Separators. 
Shovels.  Superheaters, 
Traps.  Turbines,  etc, 

( See  Engines.  Separators, 
Shovels,  Superheaters,  Traps, 
Turbines,  etc..  Steam) 

Steam   Specialties 

Davis  Regulator  Co..  G.  M. 
Lagonda  Mfg.  Co. 

•  Lunkenheimer  Co. 
Manning,    Maxwell     &    Moore, 

Inc, 

Steel.   Cold   Rolled 

Cumberland  Steel  Co. 

Steel  Plate  Construction 

Heine  Safety  Boiler  Co. 

•  Keeler  Co.,  E. 

•  Wood  &  Co.,    R.   D. 

Steel   Ties.   Tipples,   etc. 

(See  Ties,  Tipples,  etc..  Steel) 

Stokers 

1         American  Engineering  Co. 
Babcock  &  Wilcox  Co. 

•  (jreen  Engineering  Co. 

•  Murphy  Iron  Works 

Stokers.   Chain  Grate 

Babcock  &  Wilcox  Co. 
Green  Engineering  Co. 

Stokers.  Inclined   Grate 

•  Murphy  Iron  Works 


•  Wheeler    Condenser    &     Engi- 

neering Co. 
Separators.    Steam 

(ieneral  Condenser  Co. 
Harrison   Safety  Boiler  Works 
National  Pipe  Bending  Co. 

Shafting 

•Brown   Co.,   .\.   &   I- 
Cumberland   Steel  Co. 
Shears.   Hydraulic 

•  Alliance  Machine  Co. 
Mesta  Machine  Co. 

•  Wood  &  Co.,  R.   D. 
Shears,   Lever 

Mesta  Machine  Co. 
Shears.   Plate 

•  .\lliance  Machine  (  o. 
Mesta    Machine   Co. 

•  Wood  &  Co.,   R.  D. 
Sheaves.  Rope 

•  Brown   Co.,    A.   &   F. 

•  Clvde  Iron  Works 
P,-iirraont  Mining  Mach.  Co. 

•  Falls  Clutch  &  Machinery  Co. 
Jeffrey  Jtfg.   Co. 

Sheet      and      Tin-Plate      Ma- 
chinery 
'         Mesta  Machine  Co. 

I  Sirens 

(See  Whistles,  Steam  i 
Skiving  Machines 

Fortuna   Machine  Co. 
]  Slide   Valves 

(See  Valves,  Slide i 


Stokers.  Underfeed 

.American  Engineering  Co. 

Strainers,  AVater 

Lagonda   Manufacturing  Co. 
Schutte  i  Koerting  Co. 
Sugar   Machinery 

*  Hooven,  Owens,  Rentschler  Co. 

•  Wood  &  Co.,  R.  D. 
Superheaters,  Air 

Power    Specialty    C't. 
Superheaters.   Steam 

Babcock  &  Wilcox  Co. 

Heine   Safety   Boiler  Co. 

Power  Specialty  Co. 
Switchboards 

*  General  Electric  Co. 
Switches.    Electric 

•  (ieneral  Electric  Co. 
Switches    and    Frogs,    Rail- 
road 

Rail  Joint  Co. 

Svnehronous   Converters 

I  See  Converters.  Synchronous) 

Svphons  (Steam-Jet) 

Schutte  &  Koerting  Co. 


Tachometers 

Brown   Instrument  Co. 
Industrial    Instrument    Co. 
•  Veeder   Mfg.    Co. 
Weston    Electrical    Instrument 
Co. 
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Tackle   Blocks 

ispo   Blocks.   Tackle) 
Tank     Work     (Air.    Gas.     Oil 
and   "Water) 

Heine    Safety    Boiler   Co. 

*  Keeler  Co.,  E. 

*  Wood  &  Co.,   K.  D. 
Tapping   Machines 

Uarviu  Machine  Co. 
Telphers 

(See   Tramrail   Systems,    Over- 
head) 
Ties,    Steel 

Fairmont  Mining  Maeb.  Co. 
Tlienuonieters 

Asbton   Valve  Co. 

Bristol  Co. 

Brown  Instrument  Co. 

Industrial  Instrument  Co. 

*  Tagliabue  Mfg.  Co..  C.  J. 

Thread  Cutting  Tools 

*  .Tones  &  Lamson  Machine  <'<>. 
Time    Controllers 

*  Tagliabue  Mfg.  Co..  C.   J. 
Time   Recorders 

Bristol   Co. 

*  Brown  Instrument  Co. 
Industrial  Instrument  Co. 

Tipples,    Steel 

Fairmont    Mining    Mach.    Co. 
Tools.     Brass-Working     Mn- 

ohiiie 

-  Warner  &  Swasey  Co. 

Track,    Industrial 

*  Hunt    Co.,    Inc.,    C.   W. 
Tramrail  Systems.  Overhea<I 

Box  iV  Co.,   Alfred 
Manning.     Maxwell    &    Moore, 
Inc. 
Trani^vays.    Bridgre 

*  Hunt   Co.,    Inc.,    C.   W. 
Tramv*"ays,  Wire   Rope 

*  Clyde  Iron  Works 

*  Roebling's  Sons  Co.,  John  A. 
Transformers.    Klectrie 

*  General  Electric  Co. 
Transmission    Machinery 

(See  Power  Transmission   Ma 
cliinery  t 
Traps,   Retarn 

(General  Condenser  Co. 
Traps.    Steam 

Davis  Begulator  Co..  G.  M. 

General  Condenser  Co. 

*  Jenkins  Bros. 
Scbutte  &  Koerting  Co. 

Traps,    Vaenum 

General   Condenser   Co, 
Tube   Cleaners,   Boiler 

Lagonda   Manufacturing  Co. 

Simouds  &  Co.,  G.  L. 
Trolleys.  I-Beam 

Box  &  Co..  Alfred 

*  Hunt  Co.,   Inc..  C.  W. 

Tracks.    Electric 

*  Hunt  Co.,  Inc..  C.  W. 

Tube    Cutters 

(See  Cutters.   Pipe  and  Tub.-i 

Tnbing,    Rnbber 

*  Goodrich  Co.,  B.  F. 
Manhattan    Rubber  Mfg.    Co. 

Tumbling  Barrels 

(See  Barrels.  Tumbling) 

Turbines.    Hydraulic 

*  Morris  Co,,  I.  P. 

Turbines,    Steam 

De  Laval   Steam  Turbine  Co. 

*  General   Electric  Co. 


Turbo-Generators 

De  Lava!   steam  Turbine  Co. 

*  (General   Electric  Co. 
Turntables 

*  Hunt  Co.,   Inc.,   C.   W. 

Ttirret  Machines 

Garvin  Machine  Co. 

*  Jones  &  Lamson  Machine  Co. 

*  Warner  &  Swasey  Co. 

Unions 

*  Lunkenheimer  Co. 
L  niflo^v    Kngines 

(See    Engines,    fniflow) 
I' lid er feed    Stokers 

(See    Stokers.    Underfeed  t 
I' II loaders.   Air   Compres?4or 

Yarnall-Waring  Co. 

Vacuum       Dryers.       Puns, 
Pumps,    Traps,    etc. 

(See  Pans,  Pumps.  Traps,  etc.. 
Vacuum ) 
Valve    Balls 

*  Auburn   Ball   Bearing  Co. 

*  Goodrich  Co.,  B.  F. 
Manhattan   Rubber  Mfg.   Co. 

Valve    Discs 

*  Goodrich  Co.,   B.  F. 

*  Jenkins  Bros. 
Manhattan    Rubber  Mfg.   Co. 

Valve    Boxes 

*  Wood  &  Co.,    R.   D. 
Valves,    Air,    Automatic 

Davis  Regulator  Co..   (i.   .M. 

*  Jenkins  Bros. 

*  Smith  Co.,  H.  B. 
Valves,    Air    Relief 

*  Lunkenheimer  Co. 
Schutte  &  Koerting  Cu, 

Valves,    Ammonia 
■*  De  La  Vergne  Machine  Co. 

*  Jenkins  Bros. 

*  Lunkenheimer  Co, 
\'alves.    Angle    Gate 

'  Lunkenheimer  Co. 
Nelson  Valve  Co. 

*  Wood  &  Co.,  R.  D. 
Valves,  Automatic  Cat-Off 

(See   Valves.    Non-return) 
Valves.    Back    Pressure 
l)avis   Regulator  Co.,    G.   M. 
Harrisou   Safety  Boiler  Works 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 
Nelson  Valvo  Co. 
Schutte  &  Koerting  Co. 

X'alves,    Balanced 

Davis  Regulator  Co.,  G.  M. 

*  Lunkenheimer  Co. 
Schutte  &  Koerting  Co. 

Valves,    Balanced    Distribu- 
tion 

*  American    Balance    Valve    Co. 

Valves,    Blowoff 

Asbton  \alve  Co. 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 
Yaruall-Waring  Co. 

Valves,    Butterfly 

*  Lunkenheimer  Co. 
Schutte  tS:  Koerting  Co. 

Valves,    By-Pass 

*  Jenkins  Bros, 

*  Lunkenheimer  Co. 
Nelson   Valve   Co. 

Valves,    Check 

*  Jenkins  Bros. 


*  Lunkenheimer  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 

*  Wood  &  Co.,  R.  D. 

Valves,  Kxhaust  Relief 

Davis  Regulator  Co.,  G.  .M- 
Harrison   Safety  Boiler   Works 

*  Jenkins  Bros. 
Schutte  &  Koerting  Co. 

*  Wheeler    Condenser    &    Engi 

neering  Co. 

*  Wheeler  Mfg.  Co.,  C.  H. 
Valves,    Float 

Davis  Regulator  Co.,  (i.   M. 
Schutte  &  Koerting  Co. 

Valves.    Foot 

*  Wood  &  Co..  R.  D. 
Valves,   Gate 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co 

*  Wood  &  Co.,  R.  D. 
Valves,     Globe,     Angle     and 

Cross 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 
Manning,    Maxwell    &    Moore. 

Inc. 
Nelson  Valve  Co. 
Valves.    Hose 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 
Nelson  Valve  Co. 

Valves,    Hydraulic 

*  Lunkenheimer  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 

*  Wood  &  Co.,  R.  D. 
Yarnall-Waring  Co. 

Valves.     Hydraulic     Operat- 
ing 

*  Lunkenheimer  Co. 
Schutte   &   Koerting  Co. 

'  Wood  &  Co.,  R.  D. 
Valves.    Non-Retnrn 

Davis  Regulator  Co.,  (..    \\. 

*  Jenkins  Bros. 
Lagonda  Mfg.  Co. 

*  Lunkenheimer  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 

Valves.    Piston 

*  American    Balance    Valve    Co. 
Valves,   Pop   Safety 

Ashton  Valve  Co. 

*  Lunkenheimer  Co. 
Manning,     Maxwell    &    Moore. 

Inc. 
Valves,    Pump 

*  (Joodrich  Co..  B.  F. 

*  Goulds  Manufacturing  Co. 

*  Jenkins  Bros. 
Manhattan  Rubber  Mfg.  Co. 

Valves.    Radiator 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 
Valves,    Redaeing 

Davis  Regulator  Co.,  G.  M. 
Valves.    Regain  ting 

Davis  Regulator  Co..  G.  M. 

*  Lunkenheimer  Co. 
Valves.    Relief    (T^^ater) 

Ashton   Valve  Co. 
=*  Lunkenheimer  Co. 

*  Wood  &  Co.,  R.  D. 
Valves,    Safety 

*  .Teukins  Bros. 

*  Lunkenheimer  Co. 
Valves.    Slide 

*  American    Balance    Valve    Co. 


Valves,     Steel     (Superheated 
Steam) 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 
Nelson  Valve  Co. 
Schutte  &  Koerting  Co. 

Valves,    Stop    and    Check 
I>avis  Regulator  Co..  <;.   .\i. 

*  Jenkins  Bros. 
I^agonda   Mfg.  Co. 

*  Lunkenheimer  Co. 
Nelson   Valve  Co. 
Schutte  &   Koerting  C<i. 

Valves.    Throttle 

*  Jenkins  Bros. 

*  Lunkenneimer  Co. 
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Schutte  &  Koerting  Co. 

Ventilating       and       Heating 
Apparatus 

(See   Heating   and    Ventilating 
Apparatus  I 
Voltmeters 

(See  Electrical  Instiuments) 


Washers.    Rubber 

*  Goodrich  Co..  B.  F. 
Manhattan  Rubber  Mfg.  Co. 

Washers,    Leather 

Schieren  Co..  Chas.   A. 
Williams  &  Sons.  I.   B. 

Washers,    Steel 

*  Auburn   Ball   Bearing  Co. 
Water    Circnlators,    Filters, 

Gages.       Heaters,       Meters, 
Strainers,   etc. 
( See        Circulators,        Filters, 
Gages.        Heaters.        Meters. 
Strainers,  etc..  Water) 
Water    Columns 
Ashton   Valve  Co. 

*  Lunkenheimer  Co. 

Water   Softening   Apparatus 

Harrison   Safety   Boiler  Works 
Water    Tube    Boilers 

(See   Boilers,   Water  Tiibei 
W^ater   Wheels.    Tarbine 

*  Morris  Co..  I.  P. 
Waterproofing  Materials 

*  Texas  Co. 
Wattmeters 

(See  Electrical  Instruments) 
W^heels.    Self-Oiling 

Fairmont  Mining  Mach.  Co. 
Whistles.    Steam 

.-Vshton   Valve  Co. 

Brown   Co..   A.  &   F. 
■  *  Lunkenheimer  Co. 
"W^ire.   Brass   and   Copper 

*  Roebling's    Sons   Co.,   John   A. 
W^ire.    Flat 

*  Roebling's    Sons  Co.,   John   A. 
Wire.   Iron   and   Steel 

*  Roebling's    Sons   Co..    John    A. 
Wire  and  Cables,  E^lectrieal 

*  General  Electric  Co. 

*  Roebling's    Sons   Co.,   John   A. 
W^ire    Cloth 

*  Roebling's   Sons   Co.,   John   A. 
W^ire    Rope 

(See  Rope,  Wire) 
"Wire    Rope    Fastenings 

*  Roebling's    Sons   Co.,   John   A. 
Wire    Specialties 

*  Roebling's    Sons   Co.,   John   A. 
W^iring    Devices 

*  General  Electric  Co. 
W^renches 

*  Roebling's   Sons   Co.,    John    A. 
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i  One  of  the  larg-est  collections  of  engfineering^  literature  in  the  world  is  the 

I  Eng-ineering^   Library   in   the    Engineering   Societies   Building,    2Q   West  39th 

i  Street,  New  York. 

j  It  comprises  65,000  volumes,  including  many  rare  and  valuable  reference 

j  works  not  readily  accessible  elsewhere.      Over  700  technical  journals  and  mag-- 

-  azines  are  regularly  received,  including  every  important  eng-ineering  journal  in 

I  the  world  in  the  mechanical,  electrical   and   mining-  fields. 

I  The  library  is  open  from  g  a.m.  to  9  p.m,  with  trained  librarians  in  constant  at- 

I  tendance.     Its  resources  are  at  the  service  of  the  engineering  and  scientific  public. 
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A  Distinctive  American  Product 

DUXBAK  Leather  Belting  has  won  an 
immense  trade  in  all  countries  of  the  world 
because  it  gives  the  maximum  return  for  its  cost. 
Compared  with  ordinar}-  leather  belting  or  with 
canvas  or  rubber  beltings  it  is  far  more  economi- 
cal and  gives  much  more  efficient  service. 

DUXBAK  was  designed  primarily  for  use  in  damp 
climates,  or  where  water,  steam,  oil  or  acid  fumes  de- 
stroyed ordinary  belting.  But  the  waterproofing  treat- 
ment, through  which  DUXBAK  leather  is  put,  so  in- 
creased its  flexibility  and  pulley  gripping  qualities  that 
we  soon  found  power  users  applying  it  to  all  their  drives. 

This  double  quality  makes  DUXBAK  the  best  belting 
for.  the  dealer  to  sell  as  it  supplies,  in  itself,  every  belting 
requirement  of  any  belt  user,  whatever  his  industry 
may  be. 

We  have  many  interesting  features  to  tell  you  about 
the  sale  and  uses  of  DUXBAK  Belting,  \\rite  us  for 
full  particulars,  sample  and  prices  on  an\  size  and  any 
quantity  you  require. 


TRADE    Mi-VRK. 

••Reg.  US  Pat.  Off." 


Prompt    deliveries    made    from    our   various 
depots  in  the  world's  principal  trade  centers. 


(3m^!:f{/i/m/i(^fmfia/i// 


Tanners,  Belt  Manufacturers  25  Ferry  Street,  New  York 

Chicago  128  W.  Kinzie  St.  |  Denver  I7S3  .\rapahoe  St.  |  Pittsburgh  205  Wood  St. 


F'hiladelphia     226  North  3d  St.  I  Boston      641-643  Atlantic  Ave.  I  Seattle 
Oak  Leather  Tanneries.  Bristol,  Tenn. 


620  Fourth  Ave. 
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WHY  ATTEND  THE  ANNUAL  MEETING 

The  program  for  the  35th  Annual  Meeting  (see  Page  IV) 
includes  a  number  of  subjects  of  particular  interest  to  the  various 
industries  of  the  country — Boiler  Code,  Building  Construction, 
Management,  Grinding,  Steam  Locomotives,  all-day  session  on 
Engineering  in  the  Administration  of  a  City,  Iron  and  Steel,  Air 
Compressors,  etc, — and  on  December  1-4  the  Headquarters  of  the 
Society  will  be  the  rendezvous  of  the  mechanical  engineering 
profession. 

The  following  analysis  shows  the  various  divisions  of  engineer- 
ing work  represented  by  our  membership: 

Executives:  President,  Vice-President,  Treasurer,  Director, 

Member  of  Firm,  General  Manager 1202 

Consulting  Engineers,  Contracting  and  Constructing 

Engineers 566 

General  Superintendent,  Superintendent,  Assistant 

Superintendent,   Mechanical   Superintendent 615 

Chief  Engineers,  Assistant  Chief  Engineers. 36 1 

Mechanical  Engineers,  Engineers,  Assistant  Engineers 1900 

Chief  Draftsmen,  Assistant  Chief  Draftsmen,  Designing 

Engineers,    Estimators 326 

Managers,  Assistant  Managers,  Sales  Managers,  Sales 

Engineers 594 

Other  classifications 440 

Total  membership,  November  1, 1914 6004 

No  member  can  fail  to  profit  by  the  opportunity  aiForded  for 
making  new  acquaintances  and  renewing  old  friendships  among 
this  great  body  of  engineers,  and  all  should  take  advantage  of 
the  excellent  opportunity  afforded  to  extend  the  hospitality  of 
the  Society  to  professional  associates  and  acquaintances. 


CHANGE   OF  ADDRESS 

Members  who  have  changed  their  addresses  during  the  past  year 
and  who  have  not  notified  the  Society  are  requested  to  fill  out  the  blank 
below  as  indicated  and  return  it  to  the  Society.  These  corrections  are 
for  use  in  the  Year  Book  for  1915,  and  should  be  received  by  December 
15  to  insure  their  appearance. 


(Cut  off  along;  this  line) 
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THE    ANNUAL    MEETINCx 

DECEMBER    1-4,  kji^ 


THE  feature  of  the  professional  sessions  of  tlie 
Annual  Meeting  will  be  the  sessions  on  Thurs- 
day, December  3,  relating  to  the  work  of  the  Engineer 
in  Public  Service.  The  session  in  the  morning  will  be 
opened  by  the  Hon.  John  Purroy  Mitchel,  Mayor  of 
the  City  of  New  York,  and  papers  will  be  presented 
by  Henrj'  Bruere,  City  Chamberlain  of  New  York  City 
and  director  of  the  National  Bureau  of  Municipal  Re- 
search; Morris  L.  Cooke,  director  of  the  Department 
of  Public  Works  of  Philadelphia;  Edward  Flad,  con- 
sulting engineer,  St.  Louis ;  and  C.  E.  Drayer,  cliairman 
of  the  Publicity  Committee  of  the  Cleveland  Engineer- 
ing Society.  At  the  afternoon  session  papers  will  be 
presented  by  Frederick  W.  Ballard,  Commissioner  of 
Lighting  of  the  Department  of  Public  Utilities  of 
Cleveland ;  George  S.  Webster,  chief  engineer  of  the 
Bureau  of  Sui-veys  of  Philadelphia;  Clyde  Lj-ndon 
King,  assistant  professor  in  Political  Science  of  the 
University  of  Pennsylvania;  and  Sanford  E.  Thomp- 
son, consulting  engineer,  Newton  Highlands,  Mass. 

These  Public  Service  sessions  have  been  arranged  by 
the  Public  Relations  Committee  of  the  Society  and  will 
draw  to  the  attention  of  engineers  the  opportunities 
for  the  application  of  their  special  training  and  knowl- 
edge to  the  better  solution  of  the  many  important  engi- 
neering problems  that  confront  the  large  municipality. 

In  the  sessions  devoted  to  miscellaneous  engineering 
subjects,  it  will  be  noted  by  reference  to  the  program 
that  several  of  the  papers  have  been  contributed  by 
sub-committees  of  the  Society,  which  emphasizes  the 
woi-k  which  the  Society  is  doing  in  presenting  authori- 
tative contributions  on  different  phases  of  a  variety  of 
engineering  subjects.  There  are  to  be  sis  professional 
sessions  on  the  technical  side  of  mechanical  engineer- 
ing, in  which  the  variety  of  papers  is  so  great  that  they 
are  bound  to  appeal  to  the  membership  in  one  way  or 
another.  One  of  these  sessions,  as  at  recent  meetings, 
will  be  devoted  to  a  discussion  of  raih'oad  subjects. 
The  sub-committee  on  Railroads  has  prepax-ed  a  report 
on  Steam  Locomotives  of  Today,  upon  which  discus- 


sion has  been  invited  from  railroad  men  who  have 
specialized  on  different  aspects  of  the  subject. 

All  of  the  papers  listed  in  the  program  are  now  avail- 
able for  distribution  and  copies  of  any  of  them  will  be 
mailed  free  to  members  requesting  them  in  advance. 

On  Wednesday  moiiiing  at  the  business  session  the 
pi'ogress  report  of  the  Boiler  Specifications  Committee 
will  come  up  for  discussion.  This  report,  which  has 
been  in  preparation  for  the  past  three  years,  is  one  of 
the  most  important  ever  issued  by  the  Society,  and  has 
required  weeks  of  devoted  labor  on  the  part  of  the  com- 
mittee. During  the  past  two  months  tliere  have  been 
cilmost  constant  conferences  with  engineers,  manufac- 
turers and  professional  organizations,  and  the  report 
has  been  studied  from  every  angle,  with  a  view  to  estab- 
lisliing  a  standard  that  may  form  the  basis  for  uniform 
and  safe  practice  in  the  construction  and  operation  of 
steam  boilers  throughout  the  country. 

On  Wednesday  evening,  the  John  Fritz  Medal  will 
Ise  awarded  to  Prof.  John  E.  Sweet,  Honorary  Member 
and  Past-President  of  the  Society,  "  for  his  achieve- 
ments in  machine  design  and  for  his  pioneer  work  in 
applying  sound  engineering  principles  to  the  construc- 
tion and  development  of  the  high-speed  steam  engine." 
To  Professor  Sweet  more  than  to  any  other  living  man 
the  foi-mation  of  the  Society  is  due,  through  his  per- 
sonal work  in  visiting  engineers  throughout  the  coun- 
try and  interesting  them  in  the  possibilities  of  a  na- 
tional organization  for  the  advancement  of  mechanical 
engineering.  The  John  Fritz  Medal  is  awarded  by  the 
four  national  engijieering  societies.  Following  the 
presentation  there  will  be  addresses  by  Dr.  James 
Douglas,  Honorary  Member  and  Past-President  of  the 
x\merican  Institute  of  Mining  Engineers,  and  by  Dr. 
S.  W.  Stratton,  Director  of  the  Bureau  of  Standards, 
on  the  Development  of  Engineering  in  the  United 
States,  Dr.  Stratton  speaking  especially  of  the  relation 
of  the  Bureau  of  Standards  to  such  development. 

On  Tliursday  evening  the  chief  social  event  of  the 
meeting  will  take  the  form  of  a  dinner  dance.    Covers 
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will  be  laid  in  the  main  ballroom  of  the  Hotel  Astor 
and  tliere  will  be  dancing  between  courses.  A  large 
attendance  is  expected. 

The  Ladies  Committee  is  arranging  for  a  reception 
and  tlie  dansant  to  be  licld  on  Wednesday  afternoon  in 
the  rooms  of  the  Society,  at  which  both  members  and 
guests  will  be  welcomed. 

Tlie  Excursion  Committee  lias  arranged  as  usual  for 
visits  of  interest  about  the  city,  including  manufactur- 
ing plants  and  power  stations,  so  that  those  who  so 
desire  will  be  able  to  see  as  much  of  the  important  engi- 
neering features  in  this  vicinity  as  time  will  permit. 

PROGRAM 

Tuesday  Afternoon,  Dectmbcr  1 
Hegistration.    Council  Meeting  at  4.00  p.m. 

Tuesday  Evening 

OPENING  SESSION,  8.30  P.M. 

President's  Address,  The  Hum.4X  Ei.esiext  the  Key  to 
JvoxoMic  Problems,  -James  Hartness 

Report  of  Tellers  of  election  of  officers 

Tiitvoduction  of  President-elect 

lieeeption  by  the  Society  to  the  President,  I'resident-elect, 
ladies,  members  and  guests  in  the  rooms  of  the  Society. 
Jfnsie  and  refreshments.     Open  to  all  members  and  guests. 

Wednesday  Morning,  Decemher  2 

BUSINESS  MEETING.  10.00  .\.M. 

Reports  of  the  Council  and  Standing  Committees.  Amend- 
ment to  C  4.5  of  the  Constitution.  ProgTess  Report  of  the 
Holier  Specifications  Committee 

PROFESSION.\L   SESSION 

Floor   Surfaces   in   Fireproof   BriLDixGS,   Sanford   E. 
Thompson 
(Contributed  by  the  Sub-Committee  o-s  Industrial  Building.) 
Reixforced-Concrete  Factory  Buildix'gs,  F.  W.  Dean 

(COMRIBUTED   BV    THE    SOB-COMM ITTEE   ON    TEXTILES.) 

Wednesday  Afternoon 

PROFESSIONAL  SESSION,  2.00  P.M. 

Mea-surixg  Efficiexcv,  H.  L.  (Jantt 

StAXDARDIZATIOX  IX  THE  FACTORY,  C.  B.  Auel 

(COXTKIBUTED  BY  THE  SUB-COMMITTEE  ON  M.iCHINE  SHOP  PRAC- 
TIIE.) 

Operation  op  Grinding  Wheels  ix  Machine  Grinding, 
Goo.  I.  Alden 

Frictiox  Losses  in  the  Uxiver,sal  Joixt,  P.  F.  Walker 
and  \\ .  3.  Malcolmson 

KAILUOAD  SESSION   (SIMULTANEOUS),  2.00  P.M. 

Steam  Locomotives  of  Today:  Report  of  the  Sub-Com- 
mittee on  Railroads 

Wednesday  Evening 

JOHN  fritz  medal  award,  8.30  P.M. 

The  .John  Fritz  Medal  will  be  awarded  to  Prof.  John  E. 
Sweet,  Honorary  Member  and  Past-President  of  the  Society. 
Addresses  by  Dr.  James  Douglas,  Honorary  IMember  and 
Past-President  of  the  American  Institute  of  INIining  Engi- 
neers and  Dr.  S.  W.  Stratton,  Director  of  the  Bureau  of 
Standards. 


Thursday,  December  3 

There  will  be  an  all-day  PubUc  Service  Meeting  on  the 
subject  of  Engineering  in  the  Administration  of  a  City,  with 
papers  contributed  by  the  Committee  on  Public  Relations. 
The  following  is  a  tentative  ]>rogram: 

PUIILIC  SERVICE  SESSIOX,  10.00  A.M. 

Opexixg  Resiarks,  Uon.  John  Purroy  Mitehel,  Mayor  of 
I  lie  City  of  New  York 

The  Future  of  the  Police  Arm  from  ax  Engineerixg 
Standpoint,  Henry  Bruere 

Some  Factors  ix  Municipal  Exgixeerixg,  Morris  L. 
Cooke 

The  New  Charter  for  St.  Louls,  Edward  Flad 
The  Exgineeu  and  Publicity,  C.  E.  Drayer 
Snow  Removal:  A  h'eport  of  the  Committee  on  Resolu- 
tions of  the  Snow  Remo\al  Conference  held  in  Philadelphia. 
April  IG  and  17,  1914  . 

Tliitrsdiiij  Afternoon 
puulic  service  session  (continued),  2.00  p.m. 

The  Desklx  and  Operation  of  the  Cleveland  Muni- 
cipal Electric  Light  Plaxt,  Frederick  W.  Ballard 

The  Handlixg  of  Sewage  Sludge,  George  S.  Webster 

Training  for  the  Muxicipal  Service  in  Germaxy,  Clyde 
Lyndon  King 

A  Study  of  Cleaxixg  Filter  Saxds  with  xo  Opportu- 
xiTY  for  Bonus  Paymexts,  Sanford  E.  Thompson 

PROFESSIONAL   SESSIOX    (SIMULTANEOUS),  2.00  P.M. 

Factors  ix  Hardexixg  Tool  Steel,  John  A.  Mathews 
and  Howard  J.  Stagg,  Jr. 

(Contributed  by  the  SubCcm.mittee  on  Iron  and  Steel.) 

Standardizatiox  of  Chilled  Iron  Crane  Wheels,  F.  K. 
\ml 

(Contributed  by  the  Sdb-Committee  on  Hoisting  and  Con- 
veying.) 

The  Mechanical  Elimination  op  Seams  in  Steel  Prod- 
ucts, Notably  Steel  Rails,  R.  W.  Hunt 

CEMENT  SESSION   (SIMULTANEOUS).  2.00  P.M. 
Informal  gatliering  of  those  interested  in  the  Manufacture 
of  Cement,  with  paper  on  Electric  Drive  for  Economic 
Operation  axd  Developmext  op  Cemext  Mills,  J.  Ben- 
Ion  Porter 

STUDENT  branch    CONFERENCE,  4.00  P.M. 
A  conference  of  the   honorary  chairmen   of  the   Student 
Branches    will    be    held    with    the    Committee    on    Student 
Branches 

Thursday  Evening 

DINNER  DANCE,  7.00  P.M. 
This  is  the  main  social  event  of  the  Annual  Meeting  and 
will  be  held  in  the  grand  ballroom  of  the  Hotel  Astor. 

Friday  Morning,  December  4 

PROFESSIONAL   SESSION,    10.00    A.M. 

A  Rate-Flow  Meter,  H.  C.  Hayes 

Laboratory  for  Testing  and  Investigating  Liquid  Flow 

Meters  of  Large  Capacity.  W.  S.  Giele 
A  New  Volume  Regulator  for  Air  Compressors,  Rag- 

nar  Wikander 
Physical  Laws  of  Methane  Gas,  P.  F.  Walker 
The  Clinkering  of  Coal,  Lionel  S.  Marks 
Damages  for  Loss  of  Water  Power,  F.  W.  Dean 

Friday  Afternoon 
Council  Jleeting  at  "i.OO  p.m. 
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COLLEGE   REUNIONS 

It  luis  bi'eii  the  custom  of  certain  of  the  technical 
schools  to  hold  reiuiious  in  New  York  on  the  last  day  of 
the  Annual  Meeting  (which  this  year  will  be  December 
-t).  to  wi'Iconie  the  largt^  number  of  out-of-towu  mem- 
bers. Complete  details  will  be  given  in  the  program 
distributed  at  the  Annual  Meeting.  The  following  re- 
unions liave  been  planned  for  that  evening: 

BROWN    UNIVERSITY 

The  Engineering  Alumni  will  hold  a  reunion  dinner  at  the 
Brown  Club,  West  4J:th  Street,  at  6.30  o'clock.  It  is  expected 
that  Professor  Win.  H.  Kenerson  will  be  toastmaster.  Those 
desiring  to  attend  are  requested  to  communicate  with 
Allred  i\  Masury,  Chairman,  care  of  International  Motor 
Cdrnpiinv,  64th  Street  and  West  End  Avenue,  New  York. 

I^ORNELL  UNIVERSITY 

The  Alumni  of  Cornell  University  are  planning  a  reunion 
at  tlie  Cornell  Club  in  wliieh  Cornell  members  of  the  Society 
and  their  guests  are  invited  to  participate.  Fui'ther  informa- 
tion may  be  obtained  from  H.  0.  Pond,  care  of  West- 
inghduse.  Church,  Kerr  &  Co.,  37  Wall  Street,  New  Y'ork. 

KENTUCKY    STATE    UNIVERSITY 

The  Iventucky  State  University  Club  of  New  Y'ork  will 
hold  a  meeting  on  Friday  evening,  and  invite  all  members 
of  the  Alumni  to  plan  to  be  present  as  an  enjoyable  evening- 
is  anticipated.  Information  may  be  obtained  from  C.  E. 
Daniel,  101  Park  Avenue,  New  York. 

ilASSACHUSETTS    INSTITUTE   OF    TECHNOLOGY 

An  informal  dinner  and  "  smoker "  will  be  held  at  the 
Technology  Club,  17  Gramercy  Park,  New  York.  All  mem- 
bers of  the  Alumni  Association  of  Massachusetts  Institute 
of  Technology  are  earnestly  in\'ited  to  be  ijresent.  Full  in- 
formation can  be  secured  by  addressing  G.  F.  Shaffer,  Tech- 
nology Club,  New  Y'ork  City. 

POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

The  Mechanical  Engineering  Alumni  of  the  Polytechnic 
Institute  of  Brooklyn  will  hold  a  reunion  in  the  rooms  of 
the  Society  at  8.15  o'clock. 

Edwin  B.  Katte,  Vice-President  of  The  American  Society 
of  Mechanical  Engineers,  will  present  an  illustrated  lec- 
ture on  Electrification  of  the  Grand  Central  Terminal. 
An  invitation  to  attend  is  extended  to  all  members  of  the 
Society  as  well  as  the  Ahunni  of  Polyteclniic  Institute. 

PURDUE    UNIVERSITY 

The  Purdue  Club  of  New  York  City  will  hold  its  annual 
election  of  officers  on  the  evening  of  December  4,  1914,  and 
extend  a  cordial  invitation  to  the  Alumni  of  Purdue  Uni- 
versity to  be  present.  This  e\'ent  always  brings  out  a  large 
attendance  and  affords  an  excellent  opportunity  for  a  re- 
union. El.  W.  Davis,  Room  2101,  165  Broadway,  New 
Y'ork.  will  furnish  further  details. 

STEVENS   INSTITUTE   OF   TECHNOLOGY 

All  members  of  The  American  Society  of  Mechanical 
Engineers  and  their  guests  are  cordially  invited  to  join  with 
the  Alumni  of  Stevens  Institute  of  Technology  in  their  an- 
nual  theatre  party   on   Friday   evening,  December  4,   1914, 


at  the  Knickerbocker  Theater.  After  the  show,  there  will 
be  a  supper  and  dance  at  the  Hotel  Astor.  Tickets  may 
be  obtained  from  the  Tyson  Company,  Hotel  Astor.  B. 
Franklin  Hart,  Jr.,  50  Church  Street,  New  Y'ork,  is  Cliair- 
man  of  the  Committee  in  charge  of  the  details. 

WORCESTER    POLYTECHNIC    INSTITI.'TE 

The  Alumni  of  Worcester  Polytechnic  Institute  will  hold 
a  bau(iuet  at  the  Machinery  Club,  50  Clun-ch  Street,  New 
^'ork,  at  6.30  p.m.  President  Ira  N.  HoUis  has  promised 
to  be  present  and  Professor  Harold  B.  Smith  will  make  an 
address  on  Rambles  in  the  Orient.  Special  aiTangements 
are  being  made  for  a  large  reunion  of  all  Worcester  Poly- 
technic Alumni.  F.  O.  Price,  Pratt  Institute,  Brooklyn,  has 
charge  of  the  arrangements. 

Y'ALE    UNIVERSITY 

Tentative  jilans  liave  been  made  for  a  reunion  dinner  to 
be  liehl  at  the  Yale  Club.  All  graduates  are  invited  to  at- 
tend and  participate  in  the  formation  of  a  Yale  Engineering 
Society,  which  will  take  place  on  that  evening.  E.  G. 
Williams,  care  of  J.  G.  AVhite  Engrg.  Corp.,  43  Exchange 
Place,  New  Y'ork,  will  gi\'e  desired  information. 

TRANSACTIONS  AND  THE  JOURNAL 

In  accordance  with  the  vote  of  the  Council  the  an- 
nual volume  of  Transactions  in  the  6  by  9  size  with 
the  usual  library  binding  will  be  issued  to  the  entire 
membership  during  the  coming  year.  This  volume  will 
cover  the  activities  of  the  Society  during  the  year  end- 
ing with  the  present  Annual  Meeting. 

In  the  January  number  of  The  Journal  an  Index 
for  the  twelve  preceding  numbers  will  be  published, 
together  with  complete  directions  for  binding. 

COUNCIL  NOTES 

At  a  meeting  of  the  Council  on  November  13,  1914, 
the  reports  of  the  Standing  Committees  wei'e  presented. 
These  appear  in  this  issue  of  The  Journal. 

The  rules  governing  the  award  of  the  Henry  Hess 
Prizes  for  Juniors  and  Student  Members  were  ap- 
proved as  drafted  by  the  Committee  on  Meetings  and 
the  chairman  of  the  Committee  on  Student  Branches. 

It  was  voted  to  approve  the  formation  of  a  student 
branch  of  the  Society  at  Throop  College  of  Technology, 
Pasadena,  Cal. 

The  Committee  on  Constitution  and  By-Laws  was 
requested  to  prepare  amendments  to  the  Constitution 
changing  the  present  method  of  nominating  officers. 

The  following  Committee  on  Meetings  in  Milwaukee 
was  approved:  L.  E.  Strothman,  Chairman;  P.  H. 
Dorner,  Secretary;  M.  A.  Beck,  Henry  Weickel,  R.  H. 
Robinson,  W.  C.  Lindemann,  Arthur  Simons. 

The  Boiler  Code  again  came  up  for  discussion,  and 
it  was  voted  that  the  Code  be  reprinted  after  the  inser- 
tion of  certain  corrections  and  that  it  be  presented  as 
a  progress  report  at  the  Annual  Meeting. 

Calvin  W.  Rice,  Secretary. 
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HEXRY  HESS  PRIZES  FOR  TECHNICAL  PAPERS 

In  the  March  issue  of  The  Joui-iial  was  aiinoiineed  the 
generous  gift  of  Mr.  Henry  Hess  of  $2000,  tiie  income 
to  be  used  for  the  awarding  of  prizes  for  technical  pa- 
pers from  Junioi-  and  Student  Members.  Such  an 
award  offers  a  valuable  aid  to  the  young  engineer  to 
undertake  original  woi-k  and  is  in  line  with  the  practice 
of  many  foreign  societies. 

Rules  have  been  di'awii  up  and  approved  liy  the 
Council  with  reference  to  tiie  disti'ibiit  ion  of  these 
prizes,  those  governing  the  Junior  papers  liaving  been 
formulated  by  the  Committee  on  Meetings  and  those 
for  the  Student  papers  by  the  Committee  on  Student 
Branches.  It  is  the  hope  of  the  Council  that  there  will 
be  a  large  number  of  papers  submitted  for  the  decision 
of  the  Committee  on  Prizes. 

The  conditions  governing  the  award  are  as  follows: 

COMMITTEE  ON  PRIZES  FOR  JUNIORS 

(1)  The  Council  shall  appoint  annually,  not  later  than 
its  regular  meeting  in  January  of  each  year,  tliree  members 
of  tlie  Society,  not  members  of  the  Council,  who  shall  form  a 
Committee  to  recommend  the  award  of  prizes  for  Juniors 
during  the  year.  This  Committee  shall  include  one  member 
of  the  Meetings  Committee  of  the  Society. 

(2)  The  papers  considered  shall  include  all  papers  pre- 
sented to  the  Society  by  Juniors  during  the  year  ending  with 
the  month  of  August. 

(3)  The  Committee  on  Prizes  shall  report  its  recommen- 
dation to  the  Council  on  or  before  October — the  findings  of 
the  Committee  shall  be  final.  Prizes  shall  be  awarded  by  the 
Council.  The  awards  shall  be  announced  at  the  Annual 
Meeting  and  shall  also  be  published  in  The  Journal. 

(4)  The  Secretary  of  the  Society  shall  act  as  Secretarj- 
to  the  Coramittee  on  Prizes,  but  shall  not  be  a  member  of  the 
Committee. 

RULES    OF   AWARD 

(1)  The  competition  for  the  prize  shall  be  restricted  to 
the  Juniors  of  the  Society. 

(2)  The  prize  shall  consist  of  fifty  dollai-s  in  cash  and  an 
engraved  certificate,  signed  by  the  President  and  Secretary 
of  the  Society. 

(3)  The  prize  shall  be  awarded  for  the  best  paper  of  the 
year,  provided  such  paper  shall  be  adjudged  of  sufficient 
merit  as  a  contribution  to  the  literature  of  the  profession 
of  Mechanical  Engineering,  but  not  otherwise. 

(4)  Papers  to  be  eUgible  for  competition  must  be  the 
bona  flde  production  of  those  contributing  tliem  and  must 
not  have  been  previously  made  public  nor  contributed  to  any 
other  society  in  whole  or  in  part. 

(5)  If  in  any  one  year,  no  award  be  made,  it  shall  be  in 
the  power  of  the  Committee  to  award  in  the  following  year 
or  years  the  accumulated  prizes  to  the  authors  of  the  dif- 
ferent papers  deemed  of  sufficient  merit. 

(6)  These  rules  may  be  modified  by  the  Coimcil. 

COMMITTEE  ON  PRIZES  FOR  MEMBERS  OF   STU- 
DENT BRANCHES 

(1)  The  Council  shall  a]i])oiii|.  anmiMlly,  not  later  than 
its  regular  meeting  in  January  of  eacli  year,  three  members 


of  the  Society  not  members  of  the  Council,  who  shall  form 
the  Committee  of  Award  to  recommend  the  award  of  jjrizes 
from  the  Henrj'  Hess  Fund  for  Members  of  Student 
Brandies  of  the  Society  during  the  year.  This  Committee 
shall  include  the  Chainnan  of  the  Standing  Committee  on 
Student  Branches. 

(2)  The  H(jnorary  Presidents  of  the  Student  Branches 
submitting  papers  in  competition  shall  be  asked  to  sit  as 
Advisoiy  Members  to  the  Committee  on  Award. 

(3)  The  papers  considered  shall  include  papers  submit- 
ted by  Memhei-s  of  Student  Branr-hes  in  competition  during 
the  year  ending  on  August  31. 

(4)  The  Committee  on  Award  shall  report  its  recommen- 
dations to  the  Council  on  or  before  October  1.  The  find- 
ings of  the  Committee  shall  be  final.  Prizes  shall  be  awarded 
by  the  Council.  The  awards  shall  be  announced  at  the 
Annual  Meeting  and  shall  also  be  published  in  The  Journal. 

(5)  The  Secretary  of  the  Society  shall  act  as  Secretary 
to  the  Committee  on  Prizes,  but  shall  not  be  a  member  of 
the  Committee. 

RULES   OF   AWARD 

(1)  The  competition  for  the  prizes  shall  be  restricted  to 
enrolled  memhei-s  of  the  Student  Branches  of  the  Society  in 
good  standing. 

(2)  The  two  prizes  shall  consist  of  twenty-five  dollars 
each  in  cash,  with  an  engraved  certificate  signed  by  the  Presi- 
dent and  Secretary  of  the  Society. 

(3)  The  prizes  shall  be  awarded  for  the  best  two  papers 
jn-esented  during  the  year  from  October  1  to  September  30 
following,  provided  such  paper  shall  be  adjudged  of  suffi- 
cient merit  to  be  a  contribution  to  the  hterature  of  the  pro- 
fession of  mechanical  engineering,  but  not  otherwise. 

(4)  Papers  to  be  eligible  to  consideration  in  the  competi- 
tion must  be  the  bona  fide  production  of  those  contributing 
them;  and  must  not  have  been  made  public  nor  contributed 
in  whole  or  in  part  to  any  other  body  than  the  Student 
Branch  in  which  they  have  originated. 

(5)  If  no  award  of  a  prize  is  made  in  any  year,  it  shall 
be  within  the  power  of  the  Committee  on  Award  hereafter 
provided,  to  award  in  the  following  year  or  years  the  ac- 
cumulated prizes  to  more  than  the  two  authors  above  speci- 
fied, provided  the  papers  in  competition  be  deemed  of  suffi- 
cient merit. 

(6)  These  rules  may  be  modified  by  the  Council,  to  take 
effect  on  the  first  of  October  next  ensuing. 

APPLICATIONS  FOR  MEMBERSHIP 

Membei's  ai'e  requested  to  scrutinize  with  the  utmost 
care  the  following  list  of  candidates  who  have  filed  ap- 
plications for  membership  in  the  Society.  These  are 
sub-divided  according  to  the  grades  for  which  their  age 
would  qualify  them  and  not  with  regard  to  professional 
qualifications,  i.e.,  the  age  of  those  under  the  first  head- 
ing wovdd  place  them  under  either  Member,  Associate 
or  Associate-Member,  those  in  the  next  class  under 
Associate-Member  or  Junior,  while  those  in  the  third 
class  are  qualified  for  Junior  grade  oidy.  The  Mem- 
bership Committee,  and  in  turn  the  Council,  urge  the 
Hiendjcrs  to  assume  their  share  of  the  responsibility  of 
receiving  these  candidates  into  the  ^Membership  by  ad- 
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visiug  tlie  Seci-etary  pi-omptly  of  any  one  whose  eligi- 
bility for  membership  is  in  any  way  questioned.  All 
correspondejiee  in  regard  to  STich  matters  is  strictly 
confidential  and  is  solely  for  the  good  of  the  Society, 
which  it  is  tlie  duty  of  evei-y  member  to  jji-oiiiote. 
'riiese  candidates  will  be  balloted  upon  by  the  Council 
unless  objection  is  received  before  January  10,  1915. 

NEW  APPLICATIONS 

FOR     CONSIDERATION     AS     IIEMBER,     ASSOCIATE     OR     ASSOCIATE- 
JIE3IBER 

Allen,  Harvey,  Development  Engr.,  Pressed  Steel  Car  Co., 

and  Western  Steel  Car  &  Fdy.  Co.,  Pittsburgh,  Pa. 
Barba,  Williaji  p.,  Genl.  Mgr.,  Midvale  Steel  Co.,  Phila- 

delpliia,  Pa. 
Brenzixger,  Julius,  Vice-Pres.  and  Genl.  Supt.,  Max  Ams 

Mch.  Co.,  Mt.  Vernon,  N.  Y. 
FoERSTERLiNG,   Hans,   Second   Vice-Pres.,   The   Roessler  & 

Hasslacher  Chemical  Co.,  Perth  Amboy,  N.  J. 
FooRD,   James   L.,   Ch.   Inspector,   Hartford    Steam   Boiler 

Inspc.  &  Ins.  Co.,  Chicago,  lU. 
GoLDSBOROUGH,   WINDER   E.,   Cons.    Engr.,   30    Church   St., 

New  York. 
Habley,  Leon  J.,  Jr.,  Pres.,  Harley  Co.,  Sringfield,  Mass. 
IvELLEY,  Wir.  D.,  Genl.  Supt.,  Meters,  Consolidated  Gas  Co. 

of  N.  Y.,  New  York. 
Knowlton,  Edward  K.,  Supt.  of  Pwr.,  Standard  (Jil  Co., 

Bayonne,  N.  J. 
LuCEY,  Ediiund  a.,  with  H.  L.   Gantt,  Cons.  Engr.,  New 

York. 
LuCKETT,  GusTAVus  T.,  Commercial  Engr.,  The  M.  W.  Kel- 
logg Co.,  New  York. 
RLacbeth,  George  T.,  Engr.,  Gas  Dept.,  Westchester  Ltg. 

Co.,  Mt.  Vernon,  N.  Y. 
Macintosh,  Walter  L.,  Ch.  Draftsman,  Consolidated  Gas 

Co.  of  N.  Y.,  New  York. 
Mayland,  G.  Alfred,  Engr.  &  Ch.  Draftsman,  Los  Angeles 

Gas  &  Elec.  Corp.,  Los  Angeles,  Cal. 
MiLLiKBN,  Albert  D.,  Agent,  Hamilton  Mfg.  Co.,  Lowell, 

Mass. 
Mills,  Anson  C,  Supt.,  Jackson  Fence  Co.,  Jackson,  Mich. 
Morhous,    Oakley    A.,    Chemist   in    Charge,    Consolidated 

Laboratory,  Consolidated  Gas  Co.  of  N.  Y.,  New  York. 
MuscHENHEiM,  Frederick  A.,  Vice-Pres.,  Hotel  Astor,  New 

Y^ork. 
Neeland,  Marvin   A.,  Asst.   to   Vice-Pres.,   LTnited    States 

Steel  Corp.,  New  York. 
Nelson,  Charles,  Ch.  Engr.  and  Supt.,  Boiler  &  Fly  Wheel 

Dept.,  Royal  Indemnity  Co.,  New  York. 
Oakley,  Clifford  H.,  Principal  Owner,  Pres.  &  Factory 

Mgr.,  Essex  Rubber  Co.,  Inc.,  Trenton,  N.  J. 
Pressinger,  Harry-  E.,  Deisuty,  Charge  of  Boiler  Inspec- 
tion, Industrial  Couunission  of  Wis.,  Milwaukee,  Wis. 
Radcliffe,  Robert  L.,  Mgr.,   St.   Louis   Office,  Henry   R. 

Worthington,  St.  Louis,  Mo. 
ScHAEFFER,    Chables    F.,    Prop.    &    Mgr.,    Schaeffer    Mch. 

Wks.,  Philadelphia,  Pa. 
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Scofield,   Edward   H.,    Engr.   of    I'wr.,    Twin    City    Rapid 

Transit  Co.,  Minneapolis,  Minn. 
Spear,  Maynaed   H.,   Secy.   &   Genl.   Mgr.,   New   York   & 

Queens  Gas  Co.,  Flushing,  N.  Y. 
Stevens,  Everett  M.,  Asst.  Mgr.  of  Sales,  Nashua  Mch. 

Co.,  Boston,  Mass. 
Tappan,  Cuaeles  0.,  Cons,  and  Constr.  Engr.,  2  Rector  St., 

New  York. 
Thomas,  Albert  C,  Resident  Ch.  Engr.,  iVlpha   Purthiud 

Cement  Co.,  Easton,  Pa. 
Underbill,  Henry  L.,  Asst.  Engr.  of  Manufacture,  Con- 
solidated Gas  Co.  of  N.  Y.,  Astoria,  L.  I.,  N.  Y. 
Woods,  George  E.,  Asst.  Ch.  Engr.,  Consolidated  Gas  Co. 

of  N.  Y.,  New  York. 

FOR  consideration  as  as.-<ociate-member  or  junior 

Fry,  Henry  S.,  Div.  Supt.,  H.  C.  Fry  Co.,  Rochester,  Pa. 

Jablow,  Charles,  Associate  Prof,  of  Meeh.  Engrg..  Okla- 
homa Agri.  &  Mech.  College,  Stillwater,  Okla. 

Leslie,  Bernard  S.,  Asst.  to  Supt.  of  Factoi-y,  United  Shoe 
Mchy.  Co.,  Beverly,  Mass. 

MacNaughton,  Edgar,  Instr.  in  Mech.  Engrg.,  Tufts  Col- 
lege, Tufts  College,  ]\Iass. 

FOR  consideration  as  junior 

Conner,  B.  Franklin,  Jr.,  Engr.,  Alberger  Pump  &  Con- 
denser Co.,  Newburgh,  N.  Y. 

Dalrymple,  Philip  AV.,  Ch.  Engr.,  Factory  No.  10,  The 
Singer  Mfg.  Co.,  Bridgeport,  Conn. 

Herr,  George  D.,  Mech.  Engr.,  Savles  Bleacheries,  Sayles- 
ville,  R.  I. 

McKendrick,  Leslie,  Engrg.  Rep.,  Wheeler  Condenser  & 
Engrg.  Co.,  New  York. 

Malone,  John  A.,  Asst.,  Standard  Oil  Co.  of  N.  Y.,  Bom- 
bay, India. 

Penney,  Charles  F.,  Sales  Engr.,  Combusto  Devices  Corp., 
care  R.  Leudermann,  New  Haven,  Conn. 

APPLICATIONS   FOR    CHANGE   OF  GRADING 

PRO  .motion  from  associate 

Graves,  James  M.,  Supt.,  Pwr.  Sta..  Duquesne  Light  Co., 
Pittsburgh,  Pa. 

PRO.MOTIOX    FROM    JUNIOR 

Greger,  Heneik,  Asst.  Ch.  Engr.,  Epping-Carpenter  Pump 
Co.,  Pittsburgh,  Pa. 

Mtjerat,  Arthur  F.,  Rep..  International  Steam  Pump  Co., 
St.  Paul,  Minn. 

Seaton,  Rot  A.,  Prof.,  Kansas  State  Agricultural  College, 
Manhattan,  Kansas. 

Tracy,  Lyndon  S.,  Mgr.,  Soda  Ash  Dept.,  The  Solvay  Proc- 
ess Co.,  SjTracuse,  N.  Y. 

SUMMARY 

New  applications 41 

Applications  for  change  of  grading : 

Promotion   from  Associate 1 

Promotion    from    .Junior 4 

46 


REPORTS  OF  STANDING  COMMITTEES 

Presented  at  the  Council  Meeting,  November  i::,  lull 


COMMITTEE  ON  CONSTITUTION  AND  BY-LAWS 

The  President  appointed  as  members  o!  the  Committee  on 
Constitution  and  By-Laws,  Jesse  M.  Smith,  Chairman, 
F.  E.  Hutton,  Alfred  Noble. 

The  Committee  has  recommended  and  the  Council  ap- 
proved the  amendments  to  By-Laws  2  and  3,  whereby  By- 
Law  3  is  renumbered  By-Law  2  as  a  more  logical  arrange- 
ment; former  By-Law  2  is  renumbered  By-Law  3  and 
reworded,  and  permits  the  use  of  non-members  as  references 
for  a  candidate  who  is  so  situated  as  not  to  know  or  come  in 
contact  with  racmbere  of  the  Society,  yet  in  every  other  way 
is  eligible  to  membership. 

B  3  Applications  for  membership  from  candidates  who  may  be 
so  situated  as  not  to  be  personally  known  to  the  necessary  number 
of  members  of  the  Society  may  be  recommended  by  the  Member- 
ship Committee  for  ballot,  after  sufficient  evidence  has  been  se- 
ciu-ed  to  show  that  in  its  opinion  the  applicant  is  worthy  of  admis- 
sion to  membership.  Such  applicant  for  membership  may  refer 
to  officers  or  voting  members  of  other  engineering  societies  of  like 
standing. 

The  Amendments  to  the  Constitution  as  announced  by 
ballot  at  the  Spring  Meeting  in  St.  Paul-Minneapolis  are 
now  in  effect,  and  are  as  follows : 

C  9  A  Member  shall  be  an  Engineer  or  Teacher  of  AppUed 
Science  of  tliirty-two  years  of  age,  or  over,  and  shall  have  been  in 
the  active  practice  of  his  profession  for  at  least  ten  years  and  in 
responsible  charge  of  important  work  for  five  years,  and  shall  be 
qualified  lo  design  as  well  as  to  direct  engineering  work.  Fulfilling 
the  duties  of  a  Professor  of  Engineering  who  is  in  charge  of  a  de- 
partment in  a  college  or  school  of  accepted  standing  shall  be  taken 
as  an  equivalent  to  an  equal  number  of  years  of  active  practice. 
Graduation  from  a  school  of  engineering  of  recognized  standing 
shall  Ije  considered  as  equivalent  to  two  years  of  active  practice. 

Oil  An  Associate-Member  shall  be  a  professional  engineer  not 
less  than  twenty-seven  years  of  age,  who  shall  have  been  in  the 
actual  practice  of  his  profession  for  at  least  si.x  years,  and  who 
shall  have  had  responsible  charge  of  work  as  principal  or  assistant 
for  at  least  one  year.  Graduation  from  a  school  of  engineering  of 
recognized  reputation  shall  be  considered  as  equivalent  to  two 
years'  active  practice. 

Respectfully  submitted, 

Jesse  M.  Smith,  Chmn.  \     Committee  on  Con- 
Fhederick  R.  Hutton  j  stilution  and  By-Laws 

REPORT  OF  FINANCE  COMMITTEE 

Your  Finance  Committee  reports  that  the  income  of  the 
Society  for  the  year  ending  September  30,  1914,  was  .$125.- 
454.11;  the  total  expenditures  chargeable  to  income,  $116,- 
001.67,  leaving  an  excess  over  income  of  $9,452.44.  Of 
this  amount,  it  is  recommended  that  $1000  be  reserved  for 
distributing  Vol.  35  of  the  Transactions  and  $3500  for  com- 
pleting the  September  1914,  issue  of  Condensed  Catalogues, 
leaving  $4,952.44,  which  it  is  recommended  be  turned  into 
reserve  fund.  It  is  further  recommended  that  all  aiipro- 
ju-iations  in  excess  of  actual  expenditures  be  cancelled. 

Your  Finance  Committee  recommends  for  the  budget  for 
the  year  to  end  September  30,  1915,  as  follows : 


Finance  Committee -520,960 

Membership  Committee 2,000 

I  ncrease  of  Membership  Committee 5,000 

Council 7,.')00 

House  Committee 1,750 

Meetings  Committee 7,200 

PubUcation  Committee 55,500 

Research  Committee 100 

Public  Relation  Committee 500 

John  Fritz  Medal 150 

Engineering  Congress 2,000 

Sales 8,000 

Total $116,660 

It  is  estimated  that  the  income  will  be  .$130,500. 

It  has  been  the  policy  of  the  Finance  Committee  to  regu- 
late the  disbursements  of  the  Society  each  year  so  that  they 
will  be  but  90  per  cent  of  the  income.  During  the  year 
just  closed,  these  expenses  amounted  to  approximately  95 
per  cent  of  the  income. 

On  an  expected  income  for  the  current  fiscal  year  of  $130,- 
500,  the  aggregate  of  appropriations  is  $116,660,  or  approx- 
imately 90  per  cent.  It  should  be  understood  that  as  the 
year  progi-esses,  if  the  income  of  the  Society  shall  give  evi- 
dence of  exceeding  the  above  estimate,  then,  in  case  of  ne- 
cessity, appropriations  may  be  increased ;  but  if,  on  the 
other  hand,  there  will  be  evidence  of  a  falling  off  in  the 
estimated  income,  the  activities  of  the  Society  should  be  reg- 
ulated so  that  the  expenses  will,  as  far  as  possible,  be  pro- 
portionately decreased. 

Appended  will  be  found  a  report  of  the  accounts  of  the 
Society  as  shown  in  the  books  for  the  fiscal  year  ending  Sep- 
tember 30,  1914. 

Respectfully'  submitted, 

R.  M.  Dexon,  Chmn.  \ 

W.  H.  Marshall  f      „■ 

TT    T     T^  \     rinance 

H.  L.  DoHERTT  /  Committee 

V, .  L.  Saunders  I 

W.  D.  Sargent  / 

APPENDIX  TO  REPORT 

October  U,  1914 
Mr.  R.  INI.  Dixon, 

Chairman,  Financk  Committee 
Dear  Sir: — 

In  accordance  with  yom'  instructions,  we  have  examined  the 
books  and  accounts  of  The  .American  Societj'  of  Mechanical  En- 
gineers, for  the  twelve  months  ended  September  30,  1914. 

The  results  of  this  examination  are  set  forth  in  the  three  ex- 
hibits, attached  hereto,  as  follows: 

Exhibit  A     Balance  Sheet,  September  30.  1914. 

Exhibit  B     Income    and    Expenses    for   the    twelve    months 

ended  September  30,  1914. 
Exhibit  C     Receipts    and     Disbursements     for    the     twelve 
months  ended  September  30,  1914. 
We  hereby  certify  that  the  accompanying  Balance  Sheet  is  a 
true  exhibit  of  its  financial  conditions  as  of  September  30,  1914, 
and  that  the  attached  statements  of  Income  and  Expenses,  and 
Receipts  and  Disbursements  are  correct. 

Respectfully  submitted, 

Wm.  J.  Struss  &  Co. 

Certified  Public  Accountants 
III 


EXHIBIT   ,1 
Balance  Sheet.  September  30.   1914 

ASSETS 

Equity  in  Society's  Building  (No.  25  to 

:«  W.  39th  St.) $3.53,346.62 

Equity  one-third  of  Cost  of  Land  (No.  25 

33  W.  39th  St.) 180,000.00 

Libiary  Books 13,000.00 

Furniture  and  Fixture.s 5,000.00 

Stores,    inchiding    Plates    and    Finished 

Publications 

Trust  Fund  Investment 

New  York  City  S'^'Ix  Bonds  1954 

(Par  .$45,000) $39,696.81 

St.  Louis,  Peoria  &  N.  W.  1st  o's 

1948  (Par  $10,000) 10,613.89 

Cash   in   Banks  representing  Trust 

Fimds 31,977.41 

Cash  in  Banks  for  General  Purposes       $7,374.92 
Petty  Cash  on  hand 500.00 

Accounts  Receivable 

Membership  Dues $10,079.79 

Initiation  Fees 4,080.00 

Sales   of   Publications,    Advertising, 
etc 21,960.46 

Total 

Advance  Payments 

LIABILITIES 

Certificates  of  Indebtedness 

Trust  Funds 

Life  Membership  Fund $43,500.00 

Library  Development  Fund 4,902.71 

Weeks  Legacy  Fund 1,957.00 

Initiation  Fee  Fund 29,928.40 

Henry  Hess  Prize  for  Juniors 1,000.00 

Henry  Hess  Prize  for  Students 1,000.00 

Duos  Paid  La  Advance 

Initiation  Fees  L'ncoUected 

Initiation  Fees  paid  before  due 

Unexpended  Appropriation  1913-14. .  .  . 

Unappropriated  Revenue  1918-14 

U.  S.  Internal  Revenue  Account 

Accounts  Payable 

Capital  Investment 8491,046.62 

Surplus  and  Reserves 42,721.19 


EXHIBIT  B 

Income   and  Expenses,  foe  the   12   Months 
September  30,  1914 

income 

Membership  Dues $73,541.35 

Sales,  Gross  Receipts 10,055.42 
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Advertising 39,578.99 

Interest  and  Discount 2,278.35 

Total $125,4.54.11 

expenses 

Finance  Committee $23,003.91 

Membership  Committee 2,138.47 

Council 7,169.31 

$533  346  62       Increase  of  Membership  Committee..  .  .  6,182.93 

'       '          House  Committee 2,270.49 

Library  Comrmttee 4,127.50 

18  000  00      Meetings  Committee 7,379.51 

Pubhcation  Committee 56,205.24 

16  58161                   Advertising 22,343.76 

Journal  Text 21,084.15 

Revises 181 .57 

Transactions 8,694.64 

Year  Book 3,901.12 

Research  Committee 18.11 

Boiler  Specifications  Committee 1,227.35 

Power  Test  Committee 895.61 

8'^  288  11       German  Resolution  Fund  and  Dinner..  281.48 

Annual  Meeting  Social 182.74 

Sales  Expenditures 6,419.02 

7  874  92      Engineering  Congre.ss 1,250.00 

Total $118,751.67 

Expenses  Chargeable  to  Reserve 2,750.00 

116,001.67 

Excess  of  Income  over  Expenses..  $9,452.44 

SIOOO.OO  to  be  reserved  for  distributing  Vol.  3.5  Transactions. 

S3500.00  to  be  reserved  for  completing  Sept.  I'.U4.  Condensed    Catalogues. 

EXHIBIT  C 

Receipts  and  Disbursements  for  the  12  Months  Ended 
September  30,  1914 

receipts 

Membership  Dues $69,516.27 

Initiation  Fees 27,085.00 

Membership  Dues,  Initiation  Fees  paid 

in  advance 2,546.93 

Sales  of  Publications,  Badges,  Advertis- 
ing, etc 41,667.19 

Interest 3,414.49 

U.  S.  Internal  Revenue 10.76 

$144,240.64 
Cash  in  Banks  and  on  hand  General 
and  Trust  Funds,  September  30, 
1913 39,905.52 

$184,146.16 

disbtjrsements 

Disbursements  for  general  purposes $117,108.13 

Bonds  Purchased 19,385.70 

Certificates  of  Indebtedness  Redeemed .  .         7,800.00 

$144,293.83 
Cash  in  Banks  and  on  hand  General 
and  Trust  Funds,  September  30, 
1914 39,852.33 

$184,146.16 

REPORT  OF  THE  HOUSE  COMMITTEE 

Again  as  in  recent  years,  the  House  Committee,  in  addi- 
tion to  its  routine  duties,  was  responsible  for  the  manage- 


36,120.25 
1,569.52 

$695,781.03 


$60,300.00 


82,288.11 

1,951.75 

4,080.00 

25.00 

4,704.39 

4,748.05 

10.64 

3,905.28 

$162,013.22 

533,767.81 

$695,781.03 

Ended 
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ment  anil  eondivct  ot  the  President's  reception  on  the  occa- 
sion of  the  Annual  Meeting  of  1913. 

Several  new  portraits  of  honorary  members  have  been 
hung  in  tlie  Secretary's  olfice  and  the  collection  is  now  prac- 
tically complete. 

The  oflice  eiiuipment  has  been  augmented  by  the  addition 
of  several  desks,  filing  cabinets  and  the  replacing  of  worn 
typewriters,  etc. 

The  inventory  of  the  pictures,  equipment,  books,  stores 
and  i)ublications  belonging  to  the  Society,  begun  in  Febru- 
ary 1913,  has  been  maintained  and  brought  up  to  date. 

Plans  have  been  formulated  for  certain  alterations  in  the 

Society's  rooms  whereby  three   rooms   will   be   thrown    into 

one  large  room  for  use  as  a  business  olTice  by  the  Society, 

but  the  w<irk  has  been  deferred  until  more  favorable  times. 

Respectfully  submitted, 

H.  R.  CoBLEiGH,  Chmn. 

S.    D.    COLLETT 

W.  N.  Dickinson  ^     House 

F.  A.  ScHEFFLER  \  CommiUec 

J.  W.  Nelson 

REPORT  OF  THE  LIBRARY  COMMITTEE 

It  is  with  drcp  regret  that  the  Lilmiry  Committee  is 
obliged  to  report  the  death  of  one  of  its  most  valued  mem- 
bers, Mr.  Alfred  Noble,  on  April  19,  1914.  From  the  or- 
ganization of  the  Library  Board  of  the  United  Engineering 
Society  he  took  the  liveliest  interest  in  the  library,  devoting 
much  time  and  thought  to  its  activities.  The  Board  has 
adopted  appropriate  resolutions,  an  engrossed  copy  of  which 
has  been  presented  to  Mr.  Noble's  family. 

During  the  year  ended  September  30,  1914,  there  has  been 
added  to  the  library  of  the  Society,  1039  volumes  and  185 
pamphlets.  Of  the  bound  volumes,  303  were  purcha,sed,  302 
•  were  received  in  exchange  for  The  Journal  and  Transactions, 
and  327  were  presented.  The  pamphlets  were  largely  re- 
ceived in  exchange. 

The  attendance  during  the  year  has  substantially  in- 
creased; 13,485  persons  used  the  library  durmg  the  year, 
as  compared  with  10,357  last  year,  a  gain  of  about  30  per 
cent.  The  library  hours  have  been  extended  until  10  p.m., 
instead  of  9  p.m.,  and  tlie  evening  attendance  has  propor- 
tionately increased. 

A  catalogue  of  the  sets  of  technical  periodicals  in  the 
libraries  of  New  York  and  vicinity  is  nearing  completion. 
It  will  be  ready  for  the  printer  about  January  1,  1915. 

A  large  amount  of  research  work  has  been  carried  on,  in 
the  preparation  of  reference  lists  for  members  and  others. 
Respectfully  submitted, 


Leonard  Waldo,  Chmn. 
Jesse   M.   Smith 
W.  M.  McFarland 
J.  W.  LiEB,  Jr. 

The  Secretary 


)'■' 


Library 
'ommiltee 


REPORT  OP  THE  COJIMITTEE  ON  MEETINGS 

During  the  year  19i;Mni4  the  Committee  on  Meetings  has 
met  six  times  and  purposes  to  liold  several  more  committee 
meetings  before  the  Annual  Meeting  of  the  Society  in  De- 
cember. One  of  the  important  features  of  this  year's  work 
has  been  the  unusually  early  prejiaration  of  the  programs 
of  the  Spring  and  Annual  Meetings  of  this  year  and  the 
Spring  Meeting  of  1915.  This  action  has  been  taken  with 
the  belief  that  through  it  a  better  average  quality  of  papers 


and  more  comprehensive  treatment  of  subjects  can  be  ob- 
tained. This  has  involved  somewhat  more  work  during  this 
year  than  usual,  but  this  will  clear  the  ground  for  a  con- 
tinuation of  the  policy  in  the  future,  without  unusual  ef- 
fort. This  policy  follows  the  admirable  example  set  by  some 
of  the  gi-eat  British  societies. 

Three  professional  sessions  were  arranged  for  at  the 
Spring  Meeting  in  St.  Paul  and  Minneapolis:  one  was  a 
symposium  dealing  with  the  use  of  powdered  coal  fuel;  an- 
other was  devoted  to  miscellaneous  papers;  the  third  related 
to  engineering  work  in  the  vicinity  of  the  Twin  Cities.  The 
papers  for  this  last  session  were  solicited  by  the  Local  Com- 
mittee, and  it  is  a  pleasant  duty  to  acknowledge  tlie  hearty 
coojieration  of  its  members. 

.  The  plans  for  the  Annual  Meeting  were  worked  out  as 
early  as  January  2,  1914,  and  a  tentative  program  pub- 
lished in  the  February  issue  of  The  Journal.  A  request  was 
made  to  have  as  many  of  the  papers  as  possible  in  the  hands 
of  the  Committee  by  September  1,  or  immediately  thereafter. 
At  tht  date  of  writing  this  report  (October  1),  the  greater 
part  of  the  papei-s  for  the  Annual  Meeting  have  been  re- 
ceived, and  many  of  these  have  already  received  final  action. 

Committee  meetings  between  this  date  and  the  Annual 
Meeting  will  be  devoted  largely  to  the  program  for  the 
Spring  Meeting  of  1915. 

The  importance  and  value  of  the  work  of  the  sub-com- 
mitte(!S  is  becoming  more  and  more  evident.  In  working 
out  the  program  for  the  Annual  Meeting,  the  cooperation  of 
four  sub-committees  deserves  especial  mention  and  a  large 
measure  of  appreciation,  namely,  that  of  the  Machine  Shop 
Practice,  Railroads,  H<iisting  and  Conveying,  and  Iron  and 
Steel  Committees. 

In  addition,  the  standing  Committee  on  Public  Relations 
has  carried  forward  the  preparations  for  one  session  to  be 
devoted  to  the  subject  of  the  Engineering  in  Connection 
with  the  Administration  of  Cities, 

The  results  of  the  past  year,  combined  with  former  accu- 
mulated experience  in  the  work  of  sub-committees  and  their 
relations  to  the  Committee  on  Meetings,  show  the  need  of 
a  more  clearly  defined  policy  to  bring  about  uniformity  of 
action  and  the  largest  measure  of  effectiveness  in  those  re- 
lations. To  point  out  a  single  feature,  there  should  be  a  uni- 
form time  and  method  for  reconstituting  the  membership  of 
the  sub-committees.  This  wiU  bring  more  of  our  members 
into  active  Society  work  and  should  tend  to  enrich  and  in- 
crease the  technical  value  of  the  papers  and  reports  brought 
forth. 

The  committee  feels  coin])elled  to  ])oint  out  that  the  rap- 
idly growing  membership  of  the  Society  requires  a  more 
and  more  diversified  engineering  program  for  the  meetings, 
and  this  in  turn  requires  increasing  apjiropriations  to  carry 
on  the  work. 

Respectfully  submitted, 

L.  P.  Alford,  Chmn.  \ 
H.  E.  Longwell  I  CommiUee 

H.  L.  Gantt  ^         on 

R.  H.  Fernald  I    Meetings 

3.  H.  Barr  ; 

REPORT  OF  COMMITTEE  ON  MEMBERSHIP 

During  the  past  year  the  Committee  on  Membership  has 
held  12  meetings  for  the  transaction  of  its  work. 

The  number  of  applications  acted  upon  during  the  fiscal 
year  1913-14  are  as  follows : 
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Applications  pending  October  1,  1913 329 

Applications  received  during  fiscal  year 1192 

Total 1521 

Of  these  applications  the  follmviiig-  action  was  taken: 

Recommended  for  membership 1318 

Withdrawn  for  various  reasons 1 

Deferred  indefinitely 9 

Denied  promotion 2 

Deferred  for  sjjecial  investigations 48 

Irregular  course  of  procedure 143 

Total 1521 

This  total  was  divided  into  the  fullowuig  gradings : 

Members 588 

Promotions  to  Member 81 

Associates 59 

Associate-Members 245 

Promotion  to  Associate-Members 57 

Juniors 288 

Total 1318 

It  was  also  voted  to  recommend  to  the  Council  the  rein- 
statement of  15  members. 

The  Committee  maintained  and  continued  the  careful  scru- 
tiny of  the  ]iast  in  the  admission  of  members  and  yet  has 
simplified  and  standardized  the  procedure  so  that  the  cost 
has  been  reduced.  The  success  may  be  measured  by  the 
following  figures: 

No.  AppUca-         Cost,         Reduction, 
Year  Cost  tions  each  Per  Cent 

1911-1912  $3567  694  $5.14 

1912-1913  3281  868  3.78  26 

1913-1914  2171  1330  1.63  68 

During  the  year  the  Committee  voted  against  granting  the 
Junior  grade  to  any  applicant  thirty  years  of  age  or  over 
on  the  ground  that  a  candidate  who  at  thirty  years  of  age 
does  not  possess  qualifications  for  a  grade  higher  than 
Junior  wUi  not  be  a  credit  to  the  Society  or  help  to  keep 
up  the  present  high  standard  of  membership. 

During  the  year  a  woman  was  admitted  to  membership 
for  the  first  time  in  the  histoi'y  of  the  Society. 

It  wUI  be  observed  that  the  number  of  applications 
greatly  exceeds  the  numbers  of  previous  years,  and  that  the 
applicants  include  many  prominent  engineers.  The  Society 
is  being  strengthened  thereby  and  aided  towards  a  much 
needed  occupation  of  the  wider  fields  of  activity  appropriate 
to  the  profession.  For  this  growth  of  numbers  we  are  all 
largely  indebted  to  the  fruitful  activities  of  the  Committee 
on  Increase  of  Membership  and  its  Chairman. 
Respectfully  submitted, 

Theo.  Stebbins,  Chmn.  \ 

W.    H.    BOEHM  /    ,,       ,        , 

H.  C.  Meyer,  Jr.  )  Membershrp 

L.  R.  PoMEROY  (    CommiUee 

HoSEA  Webster  / 

REPORT  OF  THE  PUBLICATION  COMMITTEE 

In  accordance  with  the  recommendations  of  the  Committee 
in  its  last  annual  rejioi-t,  several  imisortant  changes  in  the 
jiublications  of  the  Society  were  effected  in  January  1914. 
For  several  years  the  Publication  Committee  has  sought  to 
devise  a  plan  which  would  eliminate  the  duplicate  publica- 
tion of  papers  in  the  Transactions  and  in  The  Journal.     In 


October  1913  the  Committee  ijrcsented  a  plan  to  the  Council 
jH-oviding  for  the  increase  in  size  of  The  Journal  and  the 
abolishment  of  the  Transactions,  with  the  I'ecommendation 
that  the  cjuestion  of  abolishing  the  Transactions  be  refeiTcd 
to  the  members.  The  CouncO  approved  the  entire  recom- 
mendations except  the  rtiferendum  to  the  members." 

The  result  has  been  the  issuing  of  The  Jom-nal  in  its  new 
form  in  the  9  in.  by  12  in.  size,  which  is  gradually  becoming 
the  standard  for  technical  periodicals.  The  matter  in  The 
Journal  is  so  arranged  that  the  jjapers  and  discussions  are 
brought  together  in  the  same  issue  after  a  meeting  instead 
of  being  separated  in  different  issues  as  heretofore.  When 
published  in  this  manner  The  Journal  becomes  the  Trans- 
actions of  the  Societj'  and  has  the  advantage  of  bringing 
the  reports  of  meetings  to  the  attention  of  the  membership 
when  the  matter  is  new,  instead  of  a  year  after  presentation. 

In  its  mechanical  make-up,  The  Journal  is  produced  in 
sections  to  facilitate  binding.  The  first  part  contains  infor- 
mation upon  Society  affairs  and  announcements  of  meet- 
ings. Previous  to  the  Annual  and  Spring  meetings  abstracts 
are  published  of  the  papers  to  be  presented  so  that  members 
may  be  informed  and  may  send  for  such  pamphlet  copies 
of  the  papers  as  they  may  desire.  The  second  section  con- 
tains the  papers  and  discussion  given  at  meetings,  after 
which  is  the  Foreign  Review  Section. 

A  gratifjang  commentary  on  the  foregoing  plan  has  been 
the  recent  adoption  by  the  British  Institution  of  Mechanical 
Engineers  of  the  same  plan,  except  that  the  small  size  of 
page  has  been  maintained  for  their  Journal. 

An  alternative  plan  jireferred  by  Mr.  Low  of  tlie  Com- 
mittee, outlined  in  The  Journal  for  April  1914,  lias  been 
carefully  considered.    This  involves: 

a  Printing  the  papers  separately,  as  usual,  for  distribu- 
tion before  the  meeting 

b  Making  The  Journal's  treatment  of  the  papers  and  the 
meetings  a  readable  account  of  what  they  contain  and 
accomplish 

c  Binding  the  papers  separately  in  paper  covers,  each  with 
its  discussions,  rather  than  binding  them  all  together 
in  the  Transactions 

Members  will  be  advised  in  The  Journal  of  the  papers 
which  are  to  be  presented  at  a  coming  meeting  and  can  ob- 
tain gratis  copies  of  any  or  all  of  them  by  addressing  the 
Secretary.  They  will  thus  have  in  The  Journal  (a)  a  copy 
of  each  paper  in  full  or  in  abstract;  (b)  an  account  of 
its  presentation  at  the  meeting  and  of  the  discussion  which 
it  brought  forth;  and  in  addition  they  can  have  upon  request 
(c)  complete  finished  copies  of  the  papers  neatly  bound  with 
their  discussions. 

A  member  wlio  wants  to  keep  the  Transactions  as  he  has 
been  doing  can  simply  request  a  copy  of  each  paper  pre- 
sented during  the  year  with  its  discussions,  and  get  them 
bound  in  the  style  of  former  years.  Those  who  want  to  spe- 
cialize more  can  order  the  paj^ers  in  which  they  are  espe- 
cially interested,  and  bind  or  file  them  as  they  see  fit.  Pa- 
pers upon  the  same  or  similar  subjects  can  be  bound  to- 
gether into  monographs  or  syonposiums,  and  in  addition  the 
members  can  bind  their  Journals  if  they  wish,  either  in  whole 
or  in  part,  provision  having  been  made  in  the  paging  for 
eliminating  conveniently  the  several  departments  and  the 
matter  of  merely  present  or  passing  interest. 


'  Tlif    OoiiiK-il    at    its    Octohnr    iiicctitiK 
tious  in   till'   usu:il   form   in    llil,",. 


voti'd    to    issiii-    Ti-ansnc- 
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During  the  year  approximately  75  letters  of  criticism  have 
been  received  from  the  membership  of  5500  and  in  three 
eases  from  grroups  of  members,  in  which  the  chief  objections 
have  been  the  abolishment  of  the  bound  volumes  of  Trans- 
actions and  the  fact  that  if  bound  copies  of  The  Journal 
were  to  constitute  the  Transactions,  they  would  be  an  in- 
convenient size  for  book  shelves.  Although  the  number  of 
objections  is  small  in  projiortion  to  the  membership,  the 
earnestness  of  the  coniiiiunications  and  the  preference  ex- 
pressed in  them  for  the  established  custom  of  issuing  Trans- 
actions in  an  annual  volume  convinces  the  Committee  that 
the  decision  to  retain  t)r  discontinue  the  annual  volume 
should  be  mmh'.  bj-  tlie  membership  at  large. 

Tlie  Committee  has  made  such  provision  that  the  contin- 
uance of  Transactions  in  its  old  form  shall  be  possible.  The 
volume  has  recently  been  issued  for  1913-1914  and  through- 
out the  year  the  papers  have  been  printed  in  pamphlet  form 
in  the  small  size  and  the  type  kept  standing.  These  pam- 
phlets are  available  for  a  1914-1915  volume  of  Transactions, 
should  the  Council  or  the  membership  so  elect. 

The  Index  for  the  first  35  volumes  of  Transactions,  with 
the  exception  of  Vols.  31,  32  and  33,  which  was  prepared 
for  the  printer  over  a  year  ago,  is  still  unpublished  because 
iif  tlic  lack  of  funds  at  the  disposal  of  the  Committee. 
Rcsijectfully  submitted, 

Chas.  I.  Earll,  Chmn.  \ 
Geo.  M.  Basford 
i.  e.  modltrop 
Fred.  R.  Low 
Fred  J.  Miller 


Publication 
Committee 


REPORT  OF  THE  RESEARCH  COMMITTEE 

During  the  year,  the  Committee  has  appointed,  subject  to 
the  approval  of  the  Council,  a  committee  on  research  into 
tlie  subject  of  Fuel  Oils. 

This  committee  has  organized  and  begun  work,  but  no  re- 
sults have  been  obtained  which  are  sufficient  to  warrant  a 
report.  The  committee  is,  however,  active  and  enthusiastic, 
and  it  is  expected  that  it  will  be  able  to  show  at  the  end  of 
another  year  excellent  results. 

The  Sub-Committee  on  Safety  Valves,  appointed  by  the 
Committee  and  sanctioned  by  the  Council,  organized  with 
P.  G.  Darling  as  chairman.  In  resjwnse  to  a  request  for  a 
report  of  the  activities  of  the  sub-committee,  Mr.  Darling 
writes  that  his  location  for  the  ensuing  year  will  be  so  in- 
accessible that  he  will  be  unable  to  take  part  in  the  activi- 
ties of  the  committee,  and  that  Edward  F.  Miller  has  been 
appointed  as  chairman  pro  tem.  Professor  Miller  reports 
lliat  considerable  work  has  been  done  and  that  a  more  com- 
plete report  will  be  made  later. 

The  Sub-Committee  on  Materials  of  Electrical  Engineer- 
ing, consisting  of  Ralph  D.  Mershon,  reports  that  Professor 
Boyd  of  the  Ohio  State  University  has  been  doing,  on  the 
request  of  the  committee,  some  experimental  work  on  porce- 
lain and  other  ceramic  material  in  order  to  determine  their 
meehan  ieal  characteristics. 

Tlie  Sub-Coiiiinitteo  on  Steam  has  not  been  able  to  make 
any  progress  during  the-  year  on  account  ol'  (lie  aliseiicc  of 
material. 


So  far  as  the  activities  of  the  Research  Committee  itself 
are  concerned,  a  communication  was  recently  received  from 
an  engineer  of  the  highest  standing,  who  desires  to  make 
research  on  the  properties  of  worm  gearing.  Conespond- 
ence  on  this  subject  has  been  taken  up  with  a  prominent 
manufacturer,  and,  under  certain  conditions,  the  assent  of 
this  company  has  been  secured  to  a  monetary  contribution. 
The  matter  is  being  acti\ely  prosecuted  and  it  is  believed 
that  funds  can  be  secured  for  this  investigation. 

The  membership  of  the  Society  does  not  seem  to  appre- 
ciate the  existence  of  the  Research  Committee  or  avail  itself 
of  the  facilities  which  the  Committee  offers.  Great  acti\ity 
has  been  shown  by  various  members  of  the  Committee  and  its 
sub-committees  in  the  suggestion  of  directions  in  which  the 
work  of  the  Committee  could  be  carried  on,  but  these  sug- 
gestions on  the  whole  have  not  borne  definite  fruit.  The 
Research  Committee  feels  that  if  it  is  to  be  of  real  use  to 
the  Society  the  stimulus  to  such  use  must  come  from  the 
members  themselves  in  bringing  before  the  Committee  prob- 
lems which  need  solution,  and  in  notifying  the  Committee 
of  desire  to  make  investigations,  and  taking  advantage  of 
the  Committee's  facilities  for  enlisting  the  cooperation,  both 
financial  and  otherwise,  of  manufacturers  and  others  inter- 
ested in  the  subjects  under  investigation. 
Respectfully  submitted, 

Richard  H.  Rice,  Chmr, 

A.  L.  De  Leeuw  l^    Research 

RoLLA  C.  Carpenter  1  Cornmillee 

Ralph  D.  Mershon  / 
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REPORT  OF  PUBLIC  RELATIONS  COMMITTEE 

Arrangements  are  being  made  for  conducting,  under  the 
guidance  of  the  Committee,  a  session  of  the  Society  to  be 
held  at  the  coming  Annual  Meeting,  at  which  session  sub- 
jects dealing  with  the  relation  of  the  engineer  to  public 
work,  and  especially  to  such  engineering  work  as  is  done 
by  municipalities,  will  be  presented  and  discussed,  not  from 
the  political  point  of  view,  but  from  the  engineer's  side. 

This  action  ha.s  been  taken  by  the  Committee  in  the  be- 
lief that  the  Society  should  take  note  of  the  fact  that  the 
engineer  is  being  more  and  more  recognized  as  a  \ery  im- 
jiortant  factor  in  conducting  such  work  as  is  done  by  mu- 
nicipalities in  the  interest  of  the  public:  that  the  day  has 
gone  by  when  his  only  function  will  be  employment  as  a 
consultant  or  expert;  and  that  he  will  be  increasingly  called 
upon  to  serve  in  positions  of  general  executive  character 
where  his  training  and  special  knowledge  will  be  available 
and  can  be  api)lied  in  direct  service  to  the  public. 

The  Committee  believes  that  it  will  be  wise  for  the  So- 
ciety, \\h'\\e  avoiding  the  discussion  of  the  political  side  of 
this  matter,  to  recognize  the  facts  of  the  situation  and  to 
advance,  so  far  as  may  bo  possible,  this  general  movement 
toward  a  greater  recognition  of  the  valuable  services  that 
can  be  rendered  by  engineers  in  executive  positions. 
Respectfully  submitted, 

Fred  J.  Miller, 

Jas.  M.  Dodge  I      Public 

Worcester  R.  Warner   ,-    Relations 
Geo.  M.  Brill  I  Committee 


;,  Chmn.  \ 


Morris  L.  Cooke 


PANIC    ECONOMIES    AND    EMERGENCY    PROBLEMS    WITH 
ESPECIAL    REFERENCE    TO    THE    PRESENT 
INDUSTRIAL    SITUATION 


BY    F.   A.   WALUllON,    NF.W   YORK 


Member   of   the    Society 


T)  ANICS,  business  depi'essions  or  finaiu-ial  string- 
A  encies  are  primarily  due  to  the  suspension  of 
credits  in  one  form  or  other.  From  eighty  to  ninety 
per  cent  of  the  business  in  this  eountiy  is  done  upon  a 
thirty  to  ninety  days'  credit,  and  where  a  condition 
arises  whieli  causes  a  disturbance  of  these  credits,  natu- 
}'ally  there  is  a  rush  to  conserve,  or  hold  cash,  and  be 
131'epared  for  an.y  unusual  demand  that  may  be  made 
for  coin  of  the  realm. 

Many  theoi'ies  have  been  advanced  as  to  the  repeti- 
tion and  psychology'  of  these  depressions,  all  of  which 
have  been  more  or  less  exploded  in  the  last  texi  years. 

Securities,  or  collateral,  in  themselves  are  credits  of 
indefinite  amounts  on  which  the  borrower  agrees  to  pay 
a  certain  interest.  These  are  termed  investments  in 
wliich  the  accumulated  cash  or  credit  of  the  individual 
are  transferred  from  financial  institutions  to  the  pur- 
cliase  of  such  securities.  These  again  appear  as  credits 
when  banks  loan  on  them  a  per  cent  of  their  value. 

Securities,  like  any  other  commodity,  have  a  fluctuat- 
ing price  aside  from  their  interest-bearing  value 
largely  dependent  on  the  supply  and  demand.  On  gilt 
edge  securities  in  prosperous  times,  financial  institu- 
tions will  loan  from  seventy  to  eighty  per  cent  of  the 
market  value.  When  an  emergency  arises  demanding 
the  coin  of  the  realm  or  gold  payments  on  all  business 
transactions,  there  is  a  rush  on  the  part  of  those  hold- 
ing securities  to  turn  them  into  cash.  This  rush  natu- 
rally floods  the  market  and  causes  a  serious  drop  in 
prices  whicli  in  turn  require  the  banks  to  demand  pay- 
ments to  protect  resources  and  cash  loans  on  such  se- 
curities. This  is  termed  "  the  calling  of  loans,"  in 
which  the  one  borrow^ing  is  obliged  to  pay  the  borrowed 
money  in  cash  and  receives  in  return  liis  securities.  If 
this  payment  cannot  be  met,  the  securities  are  imme- 
diately sold,  which  increases  the  supply  and  helps  the 
downward  trend. 

The  above  is  what  might  be  termed  tlie  initial  sus- 
pension of  credits  in  wliich  long  terra  credits  are  sus- 
pended at  their  source  and  its  effect  on  the  entire  in- 
dustrial situation  is  generally  widespread  and  harm- 
ful, as  it  affects  commercial  paper  issued  by  industrials 
in  obtaining  ready  cash  for  payrolls  and  materials. 

This  results  in  curtailing  expenses  by  purchasing 
materials  in  smaller  quantities  and  reducing  payrolls, 
which  in  turn  produces  another  reactive  and  accumu- 
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lative  feature,  as  each  person  thrown  out  of  employ- 
ment reduces  the  purchasing  power  of  a  community, 
curtails  the  amount  of  money  in  circulation  and  affects 
directly  the  volume  of  business  done.  Therefore,  when 
tliese  persons  are  unemployed,  they  are  dependent  on 
odd  jobs  at  reduced  rates,  savings  banks  deposits  or 
other  small  investments,  the  kindness  of  friends  and 
relatives,  and,  in  many  cases,  all  club  together  and  re- 
duce living  expenses  to  a  minimum. 

To  meet  the  demands  of  depositors  in  savings  and 
other  banks  or  holders  of  securities  in  small  amounts, 
it  is  necessary  that  financial  institutions  conserve  cash 
to  meet  demands  and  hold  heavy  cash  reserves.  There- 
fore, when  a  depression  or  panic  starts,  it  is  like  a  e.y- 
clone,  as  there  is  added  to  the  pressure  or  velocity  of 
the  wind,  the  falling  weight  of  houses  or  trees  upon 
those  that  are  standing  in  its  path,  and  only  the 
strongest  are  able  to  resist.  Channels  of  circulation 
are  then  narrowed  down,  credits  withdrawn  and  the 
efforts  of  financial  institutions  are  concentrated  and 
localized  in  order  to  meet  demands  upon  cash  reserves 
demanded  by  depositors. 

Realizing  that  the  savings  banks  deposits  of  this 
counti\v  are  about  $1,500,000,000,  in  amounts  of  one 
dollar  to  $3,000,  the  result  of  2,000,000  men  drawing 
from  these  institutions  at  the  rate  of  $10  per  week  each, 
will  give  some  idea  of  the  amount  needed.  Most  of  the 
money  thus  withdrawn  finds  its  way  back  to  usual 
channels  of  circulation,  but  the  "  volume  and  rate  of 
flow  ' '  is  greatly  reduced,  resulting  in  tight  money  and 
slow  collections. 

In  considering  scientific  adjustment  of  indu.strial 
finances  during  times  of  depression,  there  are  a  few 
elementary  facts  that  control,  all  of  which  can  be  en- 
larged upon,  almost  to  infinity.  It  is  the  purpose  of 
this  paper  to  place  before  you  a  few  principles,  leaving 
personality  secondary;  and  if  correct  assumptions  are 
made,  the  personal  equation  can  be  adjusted  closely 
and  satisfactorily  with  practical  and  reasonable  accu- 
racy. 

The  present  situation  has  been  suddenly  and  with- 
out warning  forced  upon  us  and  we  are  at  present  fac- 
ing a  "  condition  and  not  a  theory."  That  there  is 
something  wrong  we  all  know,  but  what  is  it  and  how- 
can  it  be  remedied  or  made  the  least  harmful,  and  what 
lesson  can  we  learn?  The  question  now  is  how  to  meet 
it  and  the  problem  is  liow  can  a  recurrence  be  less 
harmful  in  the  future. 
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To  meet  the  question  requires  immediate  and  drastic 
action  in  most  cases,  but  this  action  should  be  taken 
with  due  care  and  scientifically  lest  the  pendulum 
swing  too  far.  This  is  the  industrial  age  in  which 
I)roduets  of  the  base  metals  arc  paramount  and  any 
permanent  setback  will  be  sufficient  to  stop  the  wlieels 
of  progress  for  some  years  to  come.  Therefoi-e,  it 
should  be  emphasized  that  whatever  is  done  should  be 
done  scientifically  with  a  broad  spirit  and  a  regard  for 
the  future. 

There  has  been  a  decided  tendency  in  the  last  few 
years  for  our  industries  to  take  too  liberal  view  as  to 
future  possibilities,  and  instead  of  stoi-iug  up  in  their 
organization  kinetic  energy  by  impartial  and  broad 
methods,  stock  dividends  have  been  declared,  and  large 
and  extravagant  buildings  have  been  erected  witliout 
regard  to  the  maximum  possibilities  obtainable  by  a 
broad  and  flexible  common  sense  management  and  the 
natural  healthy  growth  of  the  market  conditions.  In 
fact,  some  are  or  have  been  hypnotized  by  ' '  systems  ' ' 
until  it  is  hard  for  them  to  find  out  where  they  are  at. 
Many  believe  that  when  a  system  is  installed  that  is 
all;  but  a  system,  however  good,  is  dangerous  unless  it 
has  at  its  head  a  man  with  broad  experience  and  hard 
business  common  sense.  It  is  in  just  such  emergencies 
as  the  present  one  that  such  a  man  is  the  most  valu- 
able and  saves  his  salaiy  many  times  over,  and  those 
who  have  not  such  are  now  feeling  the  greatest  pres- 
sure. 

In  order  that  a  preliminaiy  sur\-ey  may  be  made  of 
the  condition  confronting  an  industry,  the  following 
facts  should  be  determined  as  closely  as  possible : 

1  Duration  of  period  of  depression  and  earning 

power ; 

2  Attitude  of  banks  towards  you  and  their  con- 

dition ; 

3  Resources  and  liabilities ; 

4  Cash  on  hand  and  available ; 

5  Realization  of  cash  from  resources ; 

6  Attitude  and  condition  of  competitors; 

7  Possibilities  of  market  by  reducing  prices ; 

8  Flexibility  of  organization. 

The  extent  of  a  period  of  depression  is  placed  first, 
as  the  net  resources  divided  by  this  time  regulate  the 
daily  or  weekly  expenditures. 

The  attitude  and  eondition  of  banks  directly  affects 
resources,  as  excessive  rates  of  interest,  refusal  to  loan 
on  commercial  paper  or  collateral,  in  usual  amounts, 
means  a  serious  reduction  in  net  resources,  as  it  not 
only  affects  you  direct,  but  also  your  debtors  and  cr;  d- 
itors. 

Resources  and  liabilities  are  then  largely  dependent 
on  items  1  and  2  as  to  the  amount  and  time. 

As  90  per  cent  of  the  business  in  this  country  is  done 
on  credit  and  is  effected  by  items  1,  2  and  3,  the  cash 
on  hand  and  available  becomes  the  next  in  importance 


and  blessed  be  he  who  has  enough  "  to  keep  the  wolf 
from  the  door." 

In  business  as  well  as  private  life,  the  cash  in  hand 
is  small  in  proportion  to  the  amounts  required  to  con- 
duct business  or  live.  Therefore,  the  next  step  is  real- 
izing  on  commercial  paper,  collateral  and  other  se- 
curity. 

Having  determined  how  internal  and  outside  influ- 
ences will  affect  the  financial  question,  it  can  generally 
be  assumed  that  most  competitors  arc  in  the  same  posi- 
tion, but  not  always.  It  is  his  preparedness  to  con- 
tinue business  tliat  will  influence  the  rate  of  operation 
and  the  reducing  of  salaries,  wages,  and  material  costs, 
as  very  few  people  care  to  lay  off  in  the  mosft  depress- 
ing periods,  men  who  are  indispensable  to  their  organ- 
ization. 

Some  enterprising  finns  have  gone  out  in  times  of 
depression,  reduced  prices  and  compelled  purchase  of 
tlieir  product.  While  this  has  kept  the  wheels  turn- 
ing, it  has  also  stocked  up  the  market  and  simply  de- 
fers the  recoveiy  of  normal  prices. 

In  economizing  in  item  No.  5,  efficiency  as  a  work- 
man should  be  considered  fii-st  and  where  efficiency  is 
equal,  married  men  should  be  given  preference. 
Where  records  of  performance  are  kept,  this  becomes 
an  easy  task  and  is  less  likely  to  be  unfair  than  where 
personal  influences  of  foremen  or  gang  bosses  are  the 
criterion  of  retention  of  employees. 

The  reduction  of  salaries  is  a  delicate  question,  as 
there  is  no  measure  of  efficiency  other  than  the  general 
results ;  these  results  are  oftentimes  absolutely  depend- 
ent on  the  judgment  of  the  ability,  knowledge  and  per- 
sonality and  capacity  for  growth  and  time  of  employ- 
ment. It  may  also  involve  a  question  of  contract  or 
the  demand  by  competitors  for  the  services  of  the  in- 
dividual. This  situation  is  generally  handled  with 
temporally  reductions  by  mutual  consent  of  both  par- 
ties, such  i-eduction  to  be  restored  wheu  times  will 
warrant. 

Frequently  an  executive  can  make  a  good  showing 
the  first  or  second  year,  but  he  has  sacrificed  other 
things  to  do  it  and  the  ensuing  years  show  a  drop 
wliich  is  so  well  covered  as  to  be  hard  to  locate,  and 
the  process  of  applying  the  remedy  is  involved  and  dif- 
ficult. Sometimes  it  is  a  gradual  running  down  of 
quality  resulting  in  heavy  expense  for  travel  and  trou- 
ble of  investigation.  I  know  of  one  case  where  it  took 
thousands  of  dollars  and  five  years  for  a  company  to 
gain  tlie  prestige  back  that  it  lost  in  two  years  of  so- 
called  factory  management,  in  which  rates  were  in- 
discriminately cut  and  the  quality  of  work  thereby 
slighted. 

Flesibility  of  organization  is  last  but  not  least,  on 
the  list.  With  proper  arrangement  of  duties  and  the 
training  of  chiefs  of  divisions,  superintendents  and 
workmen,    the   contracting   of   the    working   force   be- 


PANIC     ECONOMIES     AND     EMERGENCY     PROBLEMS,     F.     A.     WALDRON 


415 


comes  easy,  not  only  from  a  financial  standpoint,  but 
an  equitable  one. 

After  the   conditions  of   resources  have  been   care- 
fully reviewed  and  considered,  the  present  rate  of  ex- 
penditures should   be   tabulated   in   detail  and   shown 
graphically,  under  the  following  headings : 
A  Executive — including  salaries  of  all  officers  of  the 

company :  fixed  corporate  charges. 
B  Sales — including    advertising,    development    work, 
managers,  salesmen,  traveling  expenses,  rents,  etc. 
C  Manufacturing — including   all   fixed    charges,    such 
as  rent,  taxes,  depreciation,  etc. ;  all  non-produc- 
tive wages;  all  productive  wages. 
With  resources  detennined  and  present  rate  of  ex- 
penditure and  the  time  which  the  depression  is  likely 
to  last,  a  rate  of  reduction  is  determined  which  is  to 
be  applied  to  each  of  these  three  divisions,  in  propor- 
tion to  the  value  of  the  .services  in  each,  eliminating 
all  expense  not  absolutely  required  to  conduct  business 
through   the   depression.     The   best   way  to   approach 
this  is  as  follows: 

a  Eliminate  all  work  which  is  not  profitable,  such  as 
inventions,    new   product,    new   design,    indiscreet 
advertising,  traveling  expenses ; 
b  Cut  do\\^l,   if  necessary,   working   hours,   especially 
where  it  relates  to  reserve  stock  on  hand,  work- 
ing on  orders  only ; 
c  Study  tlie  possibility  of  combination  and  rearrange- 
ment of  duties  in  executive,  sales  and  manufac- 
turing ; 
Note:  Flexibility  of  organization  is  very  helpful  at  this  point. 
d  Temporary  reduction  of  executive  salaries; 
e  Temporary  reduction  of  all  salaried  employees,  re- 
ceiving above  a  certain  amount   ($100  per  month 
is  the  usual  limit)  ; 
/  Reduce  the  number  of  non-producers  to  a  minimum ; 
g  Reduce  the  number  of  producers ; 
h  Reduce  wages  (to  be  avoided  if  possible). 

Having  reviewed  the  causes  and  effects,  let  us  now 
analyze  the  best  way  of  meeting  the  question  of  reduc- 
ing number  of  employees,  by  a  fair  valuation  of  serv- 
ice and  a  consideration  of  the  infiuenees  at  work  to  re- 
tain or  discliarge  an  employee  with  the  idea  in  view  of 
obtaining  the  most  efficient  results  and  of  being  just. 
Influences:  Influences  as  to  the  retention  of  em- 
ployees are  often  inductive  and  subtle  when  analyzed, 
much  more  so  than  most  employers  care  to  admit  in 
public,  and  may  be  classified  as  follows:  1,  Nepotism; 
2,  Sentiment ;  3,  Influence  and  friendship ;  4,  Politics ; 
5,  Lack  of  inei-tia  (laziness)  ;  6,  Misguided  judgment; 
7,  Improper  placing  of  individual ;  8,  Technicalities ; 
9,  Disease  and  old  age ;  and  10,  Ability. 

Ability  is  placed  last,  as  the  others  are  generally 
mentally  fonnulated  and  cause  a  plus  and  minus  sign 
to  be  affixed  to  it.  If  a  man  gets  "  in  Dutch,"  it  is 
easy  to  find  some  excuse  to  "  fire  "  him. 


Kinetic  Energy  of  Production:  In  principle  there  is 
vei-y  little  difference  between  the  demands  made  on  the 
manufacturer  of  a  commodity  and  a  public  service  cor- 
poration as  eacli,  in  order  to  be  successful,  must  be 
prepared  to  meet  promptly  and  efficiently  at  reason- 
able profit  the  demands  of  the  consumer.  The  manu- 
facturer may  well  study  the  public  service  corporation 
and  obtain  many  helpful  points  in  keeping  investment 
in  plant  down  and  yet  be  able  to  supply  the  peak  load 
demand. 

The  old  plan  was  to  have  large  plants  and  invest- 
ment with  ample  margin  for  peak  loads,  which  re- 
sulted in  heavy  depreciation  charges,  increasing  cost 
of  power  as  the  load  factor  was  low.  This  is  now 
changed.  Turbines  and  generators  are  put  in  to  stand 
an  overload;  boilers  are  placed  with  regard  to  eco- 
nomic fuel  consumption  for  average  load  with  organi- 
zation and  facilities  for  forcing  boilers  at  time  of  peak 
load  to  twice  their  nonmal  capacity  or  more,  by  auto 
stokers,  forced  draft  and  high  grade  coals.  These  ele- 
ments of  quick  response  to  urgent  demand  might  be 
termed  the  Kinetic  Energy  of  an  Organization,  and 
applying  the  parallel  to  industries,  we  have  roughly 
the  following : 

a  Specific  assignment  of  duties  to  men  and  machines; 
h  Currency  of  tools  ; 
c  Flexible  methods  of  detail  accounting  tied  in  with 

manufacturing ; 
d  Uniformity  of  machine  tools,  to  receive  jigs,  cutters 

and  fixtures ; 
*    Preparation  of  methods  for  compensating  labor; 
/  Maintaining  buildings  and  equipment  in  first-class 
condition   that  have  to  do  directly  or  indirectly 
with  the  turning  out  of  product ;  and 
g  Accessible  supply  of  raw  materials. 

Items  a  to  /,  inclusive,  are  within  the  control  of  the 
manufacturer.  Item  g  should  be  looked  at  from  a 
broader  viewpoint.  Manufacturing  is  a  business  on 
which  a  reasonable  profit  is  expected  and  yet  many 
firms  make,  while  more  loose,  on  speculative  buying  of 
pig  iron,  copper,  tin,  zinc  and  other  raw  materials. 

a — Specific  Assignment  of  Duties  to  Men  and  Ma- 
chines: The  duties  of  various  executives  of  important 
and  minor  responsibilities  sliould  be  studied  carefully 
and  arrangement  made  by  which  these  duties  can  be 
analyzed.  Prom  this  analysis  the  ones  that  are  abso- 
lutely necessary  should  be  kept  in  mind  and  the  unim- 
portant ones  eliminated.  From  this,  duties  can  be  as- 
signed and  rearranged  and  tlie  working  force  reduced, 
either  by  the  laying  off  of  those  not  required  or  tem- 
porarily reducing  them  to  the  ranks  until  such  time  as 
business  may  warrant  reinstatement. 

The  capacity  of  machines  should  be  carefully 
studied,  togetlier  with  the  operations,  and  such  opera- 
tions assigned  as  will  enable  one  man  to  run  as  many 
machines  as  he  possibly  can  with  a  view  of  obtaining 
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the  proper  quality  of  work  at  a  reduced  rate  and  re- 
duction in  the  number  of  the  working  force.  This  is 
a  most  important  item  and  should  be  studied  with  tlie 
idea  of  making  the  changes  in  such  a  way  that  they 
will  admit  of  prompt  rearrangement  and  enlargement 
as  business  demands  increase. 

b — Currency  of  Tools:  One  of  the  most  defective 
points  to-day  in  the  development  of  the  kinetic  energy 
of  an  organization  is  the  lack  of  supply,  arrangement 
and  assignment  of  tools,  jigs  and  fixtures.  Special  ef- 
fort should  be  made  to  study  production  and  see  that 
the  standards,  methods  of  making  tools,  stock  carried, 
etc.,  should  be  such  as  to  insure  the  continuous  opera- 
tion of  the  machines  on  which  they  are  used. 

c — Flexible  Methods  of  Detail  Accounting  Tied  in 
with  Manufacturing  Processes:  A  flexible  method  of 
detail  accounting  devoid  of  red  tape  and  arranged  so 
as  to  give  tlie  most  efficient  factoiy  operation,  is  of 
paramount  importance  when  a  period  of  depression 
appears.  If  the  method  is  flexible,  it  allows  of  prompt 
elimination  of  numerous  clerks  without  interfering 
with  the  accuracy  of  the  data  which  the  proper  shop 
aeeounting  method  gives.  It  also  eliminates  at  all 
times  unnecessary  red  tape  and  influences  the  manu- 
facturer to  study  closely  and  scientifically  the  require- 
ments of  his  factoiy  by  a  simple  review  of  manufac- 
turing and  stock  records. 

d — Uniformity  of  Machine  Tools:  This  item  is  prob- 
ably one  of  the  most  important,  as  it  affects  items  a,  h 
and  c.  By  having  Tiniform  tapei-s,  width  of  tee  slots, 
speed  and  feed  mechanisms,  co\inter  shafts,  etc.,  alike, 
it  enables  the  manufacturer  to  respond  promptly  to  an 
increased  demand  and  also  to  spread  work  over  a  large 
number  of  machines  operated  by  one  man  in  times  of 
depression. 

e — Preparation  of  Methods  for  Compensating  La- 
bor: With  the  four  items  above  carefully  arranged,  it 
becomes  comparatively  easy  to  outline  the  best  rates, 
premium  and  bonus  methods  readil>-  adjustable  to 
business  conditions. 

f— Maintaining  Buildings  and  Equipment:  If  build- 
ings and  equipment  are  maintained  to  the  highest  de- 
gree of  efficiency  during  strenuous  times,  oftentimes 
during  a  period  of  depression  the  expense  involved  can 
be  eliminated,  provided  that  this  depression  does  not 
last  too  long,  but  it  should  not  be  carried  to  the  point 
where  the  property  has  run  down  too  far  and  requires 
a  large  amount  of  time  and  money  to  bring  back  to  a 
proper  stage. 

g— Accessible  Supply  of  Raw  Materials:  If  a  factory 
is  remote  from  tlie  supply  and  transportation  compa- 
nies and  the  latter  are  slow  in  making  deliveries,  it  is 
quite  necessary  to  carry  a  large  anioiuit  of  reserve  raw 
materials  in  stoek.  To  those  that  are  near  supply 
points,  however,  it  is  possible  to  reduce  the  amount  of 
materials  carried  to  a  minimum  and  buy  on  short  no- 


tice such  materials  as  are  required  for  plant  operation. 
The  six  items  above  mentioned,  if  carried  to  reason- 
able perfection,  place  a  factory  in  condition  of  pre- 
paredness and  the  maximum  amount  of  kinetic  energy 
is  available  in  an  organization,  leaving  the  question  of 
materials  on  which  the  work  is  to  be  perfonned  to  com- 
plete the  problem. 

Stock  on  Hand:  Having  decided  on  readjustment  of 
duties  and  schedule  of  working  hours,  rates  to  be  paid 
and  reduction  in  working  force,  the  problem  of  turn- 
ing quick  assets  of  the  business  into  ready  money  is  a 
much  more  difficult  one.  Shrinkage  in  values  of  the 
natural  products,  such  as  pig  iron,  copper,  tin,  leather, 
zinc,  etc..  are  such  as  to  make  wholesale  sacrifices  in 
prices  almost  impossible  unless  this  shrinkage  be  off- 
set by  reduction  in  overhead  and  labor  charges. 

Articles  showing  least  shrinkage  in  materials  costs 
should  be  pushed  and  sold  as  rapidly  as  possible  urdess 
there  is  an  abnoi-mal  profit  on  articles  where  materials 
show  a  greater  shrinkage.  All  doubtful  stoek  shoidd 
be  sold  as  scrap  and  tui'ned  into  cash.  Work  in  pi-oeess 
should  be  finished  and  shipped  at  once,  beginning  with 
that  which  has  the  lea.st  labor  to  complete  and  working 
down  to  orders  just  started.  Profit  and  ability  of  pur- 
chaser to  pay  promptly  in  cash  should  also  guide  in 
this. 

Efforts  should  be  made  to  get  business  of  some  kind 
to  fill  \-our  plant,  even  if  it  is  a  little  out  of  the  regu- 
lar line  and  somewhat  special.  With  an  overeold  prod- 
uct and  output,  special  work  is  not  wanted,  but  with 
an  output  undersold  to  point  of  no  profit  or  actual 
financial  loss,  special  work  will  help  absorb  the  over- 
head; further,  if  we  expect  to  obtain  foreign  trade,  we 
must  furnish  what  they  want  and  not  what  we  think 
they  ought  to  have.  To  accomplish  this,  it  is  quite  nec- 
essaiy  to  have  accurate  records  of  costs  and  selling 
prices  and  a  curve  should  be  plotted  showing  how  far 
reductions  in  price  can  be  carried,  bearing  in  mind 
that  when  ovei'head  has  been  absorbed  for  the  period 
of  depression,  gross  profit  turns  to  net,  or,  if  it  is  im- 
possible to  do  this,  look  at  the  curve  with  the  idea  of 
reducing  overhead  to  correspond  to  reduction  in  busi- 
ness so  you  will  break  even  or  with  a  minimum  loss. 
See  the  curve  in  Vol.  34,  of  Transactions  of  The  Amer- 
ican Society  of  Mechanical  Engineers,  page  1193. 

Purchasing:  There  is  no  doubt  but  that  a  good  pur- 
chasing agent  saves  his  salary  directly  or  indirectly, 
but  in  the  case  of  the  average-sized  plant,  where  the 
volume  of  business  does  not  warrant  a  purchasing 
agent,  such  plants  could  obtain  the  benefits  of  whole- 
sale purchasing  and  keep  in  touch  with  the  market  by 
combining  and  hiring  one  good  man  to  purchase  all 
supplies  and  materials.  The  same  applies  to  stock- 
keeping  methods  and  stock  handling. 

Some,  if  not  all,  would  say  that  this  is  impossible. 
True  it  is  if  that  is  the  mental  attitude,  but,  from  an 
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economical  and  business  standpoint,  it  is  not,  and 
would  compel  the  training  of  sidesteppers  who  are 
evading  their  real  responsibilities,  to  use  more  care 
and  energy-  in  their  work  and  eliminate  what  is  tenned 
'■'  shop  politics  "  in  organization.  Tiiith  and  facts  can 
be  dodged  for  a  while,  but  in  the  long  run  they  will 
corner  the  dodger. 

If  the  rate  of  production  of  all  raw  materials  for 
manufacture  could  be  brought  to  an  even  basis,  either 
by  arrangement  or  a  fixed  valuation  basis,  accumula- 
tion of  stock  on  hand  of  raw  materials,  work  in  process 
or  finished,  that  have  accumulated  with  copper  at  16 
cents  would  not  shrink  in  value  33  V.-i  P^i"  cent  when 
the  price  of  copper  dropped  to  liy2  cents. 

If  our  banking  systems  at  large  were  more  favor- 
ably disposed  towards,  or  valuations  fixed,  these  spec- 
ulative losses  and  hardships  would  be  eliminated  and 
it  would  be  unnecessary  for  individual  manufacturers 
to  cany  so  much  raw  stock.  If  materials  were  han- 
dled the  same  as  money  and  distributed  from  territo- 
rial storehouses  as  requirements  demanded,  tliis  bur- 
den would  be  equalized  and  carry  with  it  a  much  more 
stable  condition  of  market. 

This  has  practically  been  done  with  steel.  Why 
should  it  not  be  done  with  cotton,  wool,  copper,  tin, 
zinc,  lead,  etc?  It  could  be  done  if  sound  and  broad 
business  methods  were  substituted  for  tlie  speculative 
craze  of  the  individual  who  lives  by  his  wits  at  the  ex- 
pense of  some  loser,  and  these  conditions  would  be- 
come more  stable. 

Engineering  Service:  Many  finns  have  an  engineer- 
ing organization  for  the  supervision  of  power  and 
plant  work  and  the  design  and  construction  of  build- 
ings. Where  operations  are  on  a  large  scale  this  is  un- 
doubtedly the  most  convenient  method,  but  not  always 
tlie  most  economical,  as  there  is  a  tendency  towards  ex- 
travagances and  oftentimes  the  buildings  cost  much 
more  than  to  have  this  work  done  by  an  engineer  with 
much  broader  experience. 

In  times  of  depression  a  number  of  factories  could 
get  together  and  retain  an  engineer  for  much  less  than 
their  organization  is  costing  even  though  the  per  diem 
charge  for  work  is  greater,  but  they  would  be  receiv- 
ing a  broader  and  more  efficient  service.  There  are 
veiy  many  shrewd  business  concerns  in  this  city  that 
do  this  and  their  total  bills  for  a  year  amount  to  about 
half  what  the  engineering  organization  is  costing  com- 
panies doing  less  business. 

Lessons  to  be  Learned: 
1st :    That  the  world  is  growing  smaller ; 
2nd:  That  nations  are  more  interdependent  for  inter- 
nal financial  and  industrial  prosperity; 
3rd :  The  more  civilization  advances,  the  more  nations 

cooperate  in  this  advance ; 
4th :  The   lessons    of   thoroughness    and   preparedness 
are  driven  home ; 


5th:  That  this  country  is  deficient  in  merchant  ma- 
rine ; 
Gth:  That  shipping  and  banking  facilities  with  coun- 
tries wliich  are  used  as  a  basis  for  the  Monroe 
Doctrine,  are  controlled  by  the  English, 
French  and  the  German ; 
7th:  That  our  factories  are  not  prepared  to  meet  the 

demands  of  trade  for  such  countries ; 
8th :  That  the  mental  attitude  of  taking  what  is  made 
' '  or  leave  it, ' '  must  be  changed  if  we  expect  to 
obtain  and  hold  the  trade  of  other  American 
nations ; 
9th :  That  whatever  the  outcome  of  this  war  may  be, 
it  will  be   the  engineering  of  the  past   forty 
years  that  develops  the  successful  nation. 
In  prosperous  times  we  go  on  in  the  even  tenor  of 
our  ways  and  live  our  own  lives  as  to  personal  and 
business    expenditures,    some    saving    systematically, 
others  always  living  up  to  and  beyond  their  income. 
Conveniences  and  luxuries  which  appear  as  necessities 
when  the  income  account  is  liberal,  appear  as  extrava- 
gances when  the  income  account  is  suddenly  reduced. 
The  platitudes  and  complaints  of  our  troubles  in  pros- 
perous times  are  loud  and  numerous,  but  let  depres- 
sion come  on  apace  and  we  become  meek  and  chast- 
ened, thankful  for  small  favors  and  more  content  with 
our  lot  and  sorry  for  those  who  are  infinitely  worse  off 
than  we  are. 

So  panics  and  depressions  have  their  good  points  in 
at  least  giving  us  a  chance  to  look  around  and  see  how 
much  we  can  get  along  without,  to  inspire  economies 
and  less  wasteful  habits,  to  allow  the  physical  and  ner- 
vous system  a  diversion  and  rest,  to  make  us  more 
thankfiil  for  what  we  have,  and,  last  but  not  least, 
more  thoughtful  and  considerate  towards  others,  thus 
building  up  charac.t-er  to  a  higher  and  nobler  plane. 

DISCUSSION 

William  Kent:  After  the  Civil  War  it  was  thought 
there  would  be  a  great  depression  in  this  country  owing  to 
the  discharge  of  so  many  men  engaged  in  the  activities  of 
war,  and  putting  them  into  channels  of  business.  But  they 
went  back  to  work  again  and  produced  wealth  faster  than 
it  had  ever  been  produced  before.  Then  followed  an  era  of 
speculation  and  of  rapid  railroad  building.  Suddenly,  in 
1873,  like  a  bolt  from  the  blue,  came  the  failure  of  Jay 
Cooke  &  Co.  and  the  long  five-year  period  of  depression  set 
in.  We  were  paying  $1.75  for  common  labor  at  that  time 
in  New  Jersey,  and  inside  of  one  year  the  same  men  were 
glad  to  get  87  cents  a  day. 

The  first  thing  that  happened  when  the  panic  set  in  was 
to  throw  men  out  of  employment,  and  the  second  thing  was 
to  put  those  men  at  work  at  87  cents  a  day.  The  depression 
lasted  five  or  six  years.  It  lasted  so  long  that  people  got 
accustomed  to  it  and  thought  it  was  a  normal  thing.  In 
July,  1879,  I  went  into  tlie  steel  business,  when  we  were  sell- 


418 


PANIC     ECONOMIES     AND     EMERGENCY     PROBLEMS,     F.     A.     WALUKON 


ing  pig  iron  at  $14  a  ton.  Then  suddenly  people  woke  up 
to  the  fact  that  the  depression  was  over,  that  the  country 
■was  short  of  pig  iron,  and  the  boom  of  1879  was  started. 
The  same  .steel  billets  that  1  sold  in  .luly  for  $60  per  ton  1 
sold  the  following  January  at  $110.  In  July  we  were  selling 
pig  iron  at  $14,  and  in  January  at  $40  a  ton.  If  we  do  not 
look  out,  we  will  get  caught  the  same  way  again. 

In  189.3  we  had  another  panic,  followed  by  another  five 
years  of  depression.  As  to  what  we  should  do  in  times  of 
depression,  let  me  say  tliat  after  the  panic  of  1893  I  visited 
the  Baldwin  Locomotive  Works,  and  at  fhat  time  the  nor- 
mal payroll  wa.s  about  8,000  men.  Hut  then  they  liad  only 
about  800  men  at  work,  one-tenth  of  the  normal  payroll, 
and  the  works  were  whitewashed  and  looked  like  a  ceme- 
tery. They  had  reserve  capital,  so  could  wait  patiently  for 
better  times. 

During  the  panic  of  1907,  one  of  the  smaller  ones,  when 
most  people  were  pretty  blue,  I  met  one  of  the  leading  man- 
ufacturers of  machine  tools  in  New  York,  and  asked  him  if 
he  felt  alarmed  over  tlie  business  prospect.  He  replied: 
"  Mr.  Kent,  I  never  sell  the  United  States  of  America  short." 
I  visited  liis  big  machine  works  and  found  them  fairly  busy. 
I  asked  the  superintendent.  "  Are  you  doing  all  this  work 
on  orders?"  "No,"  said  he,  "we  are  working  on  stock. 
There  is  a  quarter  of  million  dollars  worth  of  goods  piled 
up  there  at  the  end  of  the  building.  It  will  all  sell  at  good 
prices  in  a  year  or  so."  And  it  did.  That  is  the  kind  of 
courage  we  want  now.  We  must  not  shut  down  production 
if  it  can  possibly  be  helped.  Tlie  danger  is  that  the  present 
depression  will  be  followed  by  a  sudden  boom,  and  carry 
prices  too  high  if  we  have  not  got  stock  on  hand  to  meet  llie 
sudden  rush  which  follows  the  panic. 

I  liad  occasion  to  write  an  article  on  pig  iron  two  or  three 
months  before  the  panic  of  1907,  when  pig  iron  had  dropped 
from  $25  a  ton  to  $24;  and  people  began  to  wonder  whetliei 
it  was  not  gomg  to  rise.  I  said  that  $25  is  a  danger  signal, 
and  ]iig  iron  will  not  rise  again  until  it  goes  to  $17  a  ton. 
The  editorial  department  thonsht  I  was  crazy,  and  they 
were  not  going  to  publisli  the  article;  but  tliey  finally  ]iub- 
lished  it,  and  pig  iron  went  down  to  $15  before  it  started  to 
recover.  When  pig  iron  is  .$25  a  ton,  it  must  go  down  to 
$15.  And  when  pig  iron  is  $10  a  Ion  it  must  <j-o  up  to  $15 
or  $20  at  least. 

Our  farmers  are  doing  very  well,  and  peoiile  arc  wearing 
out  shoes  and  clothes  all  the  time,  and  they  will  need  more 
when  the  )iresent  ones  are  worn  out.  The  general  business 
of  tliis  country,  tlie  priiiluction  and  consumistion  of  foods 
and  cars  and  building  railroads  and  houses  should  go  on ; 
things  are  being  worn  out  and  they  must  be  i-eplaced.  If 
we  do  not  arrange  to  replace  them  soon,  we  will  have  to 
replace  them  later,  and  at  liigher  cost.  Tliat  is  the  boom 
period  of  unduly  high  jirices.  Begin  to  replace  those  things 
now. 

In  rei;ard  In  (liis  l)aid<int;'  trouble.  I  am  in  harmony  with 
what  Mr.  Waldron  said.  I  think  one  of  the  troubles  of  this 
■country  is  that  the  l)ankers  and  financiers  have  not  yet 
learned  the  true  principles  of  finance.  The  psychological 
condition  President  W^ilson  spoke  of,  is  an  absolute  fact. 
Nervous  prostration  is  notliing'  but  nerves;  but  it  is  a  serious 
condition  that  throws  the  whole  system  out   of  onler. 

Why  can't  we  get  money?  Go  back  to  the  Civil  War, 
when  the  question  was,  how  could  that  tremendous  war  be 


financed  when  everybody  was  scared  and  the  bankers  were 
locking  up  money.  The  Secretary  of  the  Treasury  went  to 
Wall  Street,  and  the  Wall  Street  bankers  named  their  terms 
for  a  loan,  and  they  said  that  was  their  ultimatum.  The 
Secretary  of  the  Treasury  said :  "  Gentlemen,  it  is  not  the 
bankers  of  the  nation  that  make  ultimatums.  It  is  the  Gov- 
ernment of  the  United  States  that  makes  ultimatums.  And 
if  you  do  not  make  this  loan  we  will  issue  money,  emer- 
gency currency,  so  much  that  it  will  take  a  basketful  of  it 
to  buy  a  breakfast."  And  the  Government  issued  the  green- 
backs. Finally  it  struck  the  bankers  that  they  had  gotten 
in  wrong  and  they  were  glad  to  buy  the  Go\ernment's  7-30 
bonds.  Now  the  bankers  are  learning  something.  They 
take  out  clearing  house  certificates  and  emergency  currency 
to  tide  them  over  the  time  of  trouble ;  but  yet  they  say  "  it 
is  infiation,  and  the  people  will  get  extravagant."  The  peo- 
ple do  not  get  extravagant  in  panic  times,  when  this  emer- 
gency currency  is  being  issued,  but  in  times  of  inflation  fol- 
lowing good  times,  when  credit  is  good;  and  there  is  no  rea- 
son why  we  should  not  have  emergency  currency  to  tide  us 
over  panics  or  periods  of  depression.  I  believe  the  bankers 
are  all  wrong  with  this  whole  idea  of  holding  tight  to  a 
twenty-five  per  cent  reserve  during  panic  times.  It  is  all 
right  under  ordinary  conditions  to  have  a  twenty-five  per 
cent  reserve.  If  you  engineers  build  a  reser\oir  for  sup- 
plying a  city  with  water,  you  would  not  expect  the  city  gov- 
ernment to  pass  a  resolution  that  twenty-five  per  cent  of  that 
water  must  always  be  kept  in  the  reservoir,  and  that  we 
could  not  use  water  when  it  got  down  to  the  twenty-five  per 
cent  level,  for  when  a  big  fii'e  or  a  long  drought  comes  we 
will  draw  water  until  the  reservoir  is  empty,  if  necessary. 
Why  do  we  want  to  keep  a  reserve  in  the  banks?  "  Because 
tlie  law  says  we  must,"  is  what  the  banker  replies;  "if  we 
do  not,  some  State  official  will  come  down  on  us  for  not  hav- 
ing that  much  reserve."  "  What  is  the  reserve  for  ?  "  we  ask 
the  banker.  "  We  must  have  the  reserve  there,"  he  replies. 
"  What  is  it  for?  "  we  ask.    "  It  is  to  have  a  reserve." 

It  is  a  nice  thing  to  have  reserve  money  in  your  pockets. 
Suppose  you  say  to  yourself  that  you  will  never  have  less 
than  twenty  dollars  in  your  pocketbook.  What  good  would 
that  twenty  dollars  do  your  pocketbook.  if.  when  you  needed 
it,  you  did  not  use  it?  The  rea-son  for  the  reseiwe  is  for  the 
purpose  of  having  the  money  when  you  need  it  to  spend. 
Hut  the  bankers  say,  "  It  is  a  terrible  thing  to  loan  money 
on  copper  and  cotton,"  as  was  suggested  to  them.  I  saV, 
"  Why  not  loan  on  copper  and  cotton  just  as  well  as  you 
loan  on  gold?  Suppose  a  bank  would  loan  on  copper  cer- 
tificates say  at  5  cents  a  pound.  Copper  never  sold  below 
10  cents  a  pound,  so  it  wouli  be  perfectly  safe  to  loan  money 
on  copper  at  5  cents  a  p(unid  and  then  issue  emergency  cur- 
rency, and  have  it  carry  a  discount  of  one  per  cent  a  month, 
so  that  it  would  not  be  held  longer  than  was  absolutely  nec- 
essary. That  would  make  twelve  per  cent  a  year."  "  That 
is  terrible,  that  one  per  cent  a  month  interest,"  they  say. 
"  But."  1  reply,  "  it  would  tide  you  over  a  month  or  two  or 
three  months  of  trouble."  So  nobody  would  hold  that  money 
for  a  year,  as  it  would  decrease  in  value  at  the  rate  of  one 
per  cent  a  month. 

We  have  heard  about  the  need  of  elastic  currency  for  the 
last  ten  years.  We  are  going  to  have  the  reserve  banks; 
that  will  help  us.  Very  good.  We  have  gone  that  far,  and 
some  day  we  will  get  a  more  sensible  set  of  ideas  about  these 
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emergency  issues,  and  these  United  States  can  be  carried  on 
in  periods  of  depression  without  any  trouble  or  worry  what- 
ever. That  same  banker  said,  "  We  cannot  loan  money  on 
collateral,  because  we  haven't  got  the  money.  We  have  to 
protect  our  reserve."  I  said,  "  Where  is  aU  the  money  now'? 
Is  it  hoarded  up  ?  "  He  said.  '"  Ves ;  it  is  hoarded.  Thou- 
sands of  people  are  hanging  on  to  their  money." 

A  man  told  me  tlie  other  day.  "'  If  you  iiave  any  money  in 
the  bank,  draw  it  out."  I  said.  "  [f  you  liave  any  money, 
put  it  in  the  bank  and  let  the  banker  loan  it  out  and  get 
business  started."  I  said,  "  If  you  are  going  to  buy  a  suit 
of  clothes  next  month,  go  and  order  it  now;  that  will  put 
the  tailor  to  work.  If  you  are  going  to  build  a  house  next 
year,  start  on  it  now.  That  will  put  a  lot  of  men  at  wt)rk. 
If  you  have  any  debts  and  can  raise  the  money,  go  and  pay 
them  off.  If  you  owe  a  man  a  dollar,  pay  it  to  him,  and  it 
will  rtoat  around  and  pay  other  men's  debts.  We  want  stim- 
ulation, and  people  putting  the  money  in  the  banks  and  the 
banks  being  as  liberal  as  possible,  instead  of  as  stingy  as 
possible."  That  will  tide  us  ovei-  this  emergency.  That  is 
what  should  be  done. 

Selby  Haar:  Referring  to  one  point  of  Mr.  Waldron's 
conclusions,  to  the  effect  that  it  will  be  rather  difficult  for 
us  to  capture  the  trade  of  South  America.  I  believe  it  can 
almost  be  stated  as  an  axiom  that  our  foreign  trade  wiU  be 
the  more  profitable  to  us,  the  more  closely  we  can  adhere 
to  standard  goods,  which  are  manufactured  in  Cjuantities. 
At  any  rate,  it  should  be  most  nearly  true  in  the  machinei-y 
trade  which  I  have  particularly  in  mind  at  present.  We 
differ  from  all  other  manufacturing  nations  in  that  work- 
men's wages  are  high  here,  in  consequence  of  which  our 
standard  machine  is  designed  to  reduce  the  labor  cost  of  the 
article  produced  by  the  machine  either  by  the  principles  ac- 
cording to  which  it  is  constructed  or  the  attachments  with 
which  it  is  fitted.  Our  competitors,  however,  have  not  con- 
sidered it  necessary  to  manufacture  machines  for  their  own 
use  which  are  so  sparing  of  the  attendant's  labor,  and  for 
that  reason  they  have  developed  lines  of  machinery  of  mini- 
mum manufacturing  cost.  We  are  seeking  trade  in  South 
America  and  other  countries  wliicli  industrially  are  not  as 
highly  developed  as  we  are  and  where  labor  is  cheap,  a  fact 
that  favors  our  competitors,  as  it  weakens  our  diief  argu- 
ment in  justification  of  the  higher  price  of  our  goods.  More- 
over, since  the  standard  article  of  the  European   manufac- 


turer more  nearly  meets  tlie  requirements  of  foreign  trade 
than  ours  does,  our  competitors  can  adapt  their  machines  to 
meet  the  special  conditions  of  different  countries  more 
cheaply  than  we  can.  Thus  the  argument  of  purchase  price 
is  likely  to  be  against  us. 

To  overcome  these  handicaps,  let  us,  if  necessary,  offer 
new  lines  of  machinery  especially  for  foreign  trade,  utiliz- 
ing such  prmciples  of  operation  and  attachments  as  are  in- 
dicated by  a  thorough  study  of  the  actual  conditions  of  use. 
We  cannot  expect  the  South  American  or  the  Asiatic  to 
conduct  his  business  as  we  do  ours,  but  with  our  manufac- 
turing experience  and  inventive  genius  we  can  help  him  to 
carry  on  business  in  his  own  way  more  successfully,  and  in 
this  competition  of  brains  we  can  hold  our  own. 

Frederick  A.  Waldron  :  In  regard  to  the  remarks  of  the 
last  speaker,  Mr.  Haar  (I  will  pass  Mr.  Kent's  remarks,  for 
I  agree  with  him)  it  brings  home  to  me  an  experience  I  had 
about  a  month  ago.  While  what  he  says  in  regard  to  labor- 
saving,  price,  etc.,  the  cheapness  of  labor  in  South  America 
and  other  countries  is  all  true,  yet  their  unit  cost  of  labor 
is  higher.  A  gentleman  came  into  our  office  five  weeks  ago 
in  an  indignant  frame  of  mind.  He  came  to  the  United 
States  with  .$500,000  to  purchase  supplies  (not  machinery), 
such  as  nails,  steel  pipe,  etc.  He  went  to  one  concern,  I 
think  the  largest  in  this  counti-y  in  its  line,  and  asked  for  a 
quotation  on  steel-wire  nails.  The  English  practice  is  dif- 
ferent from  ours,  as  to  the  length  of  nail  and  weight  of 
package.  They  require  112  pounds,  while  our  standard 
package  is  100  pounds.  This  large  company  would  furnish 
them  at  a  price;  he  also  went  to  five  other  corporations  run- 
ning at  forty  or  fifty  per  cent  capacity,  and  asked  them  to 
famish  these  nails  of  a  given  length  put  up  in  112  pound 
packages.  They  replied,  "  We  are  very  sorry,  we  cannot 
take  the  order:  we  don't  make  them  that  size,  and  we  pack 
in  100  pound  packages."  Is  not  this  high  treason  to  Amer- 
ican industries? 

The  same  gentleman  wanted  steel  tubes,  wrought  iron  pipe 
size  in  18-foot  leng-ths.  Receiving  the  following  reply:  "  No, 
we  cannot  furnish  unless  you  take  it  in  20-foot  lengths,"  he 
replied,  "  Well,  T  will  take  them  in  two  10-foot  lengths." 
They  said,  "  No,  you  will  have  to  take  it  as  we  make  it  or 
leave  it." 

Now,  if  tales  of  that  kind  get  abroad,  the  eft'ect  is  very 
harmful. 
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IT  is  iiiy  inteutiou  to  emphasize  fully  the  importance 
of  a  careful  study  of  the  engineering  principles  in 
general  involved  in  the  construction  of  oil  engines  of 
the  Diesel  tj'pe.  It  is  a  well-known  fact  that,  compared 
with  what  has  been  accomplished  with  this  prime 
mover  in  other  countries,  the  United  States  has  re- 
mained far  behind,  although  conditions  are  in  a  large 
part  of  this  country  ideal  for  its  extensive  use.  Aside 
from  a  number  of  other  unfortunate  circumstances, 
this  condition  is  primarily  due  to  a  lack  of  apprecia- 
tion of  sound  engineering  practice. 

There  is  hardly  a  problem  that  commands  the  atten- 
tion of  engineers  at  the  present  time  more  than  that  of 
tile  Diesel  engine,  which  in  certain  fields  at  least,  is  giv- 
ing an  entirely  new  aspect  to  the  manufacture  of  power 
machinery  and  to  power-hous(>  engineering  as  well  as 
to  the  commercial  use  of  power.  Tlie  importance  of 
this  problem  is  emphasized  by  the  typical  American 
aggressiveness  with  which  the  manufacture  of  this 
prime  mover  has  lately  been  taken  up  since  the  expi- 
ration of  the  principal  Diesel  patents.  If  conscien- 
tiously pursued,  with  carefid  consideration  of  the  most 
minute  details,  there  is  eveiy  reason  to  believe  that 
this  new  entei"prise  will  develop  into  one  of  the  most 
stable  industries.  Signs  are  beginning  to  appear,  how- 
ever, indicating  that  this  is  not  always  being  done. 
Merely  for  the  sake  of  cheapness,  practices  have  in 
some  eases  been  adopted  which,  being  evideutlj^  uncon- 
ditionally taken  over  from  gas  engine  and  even  steam 
engine  experience,  are  of  more  than  questionable  merit. 

The  Diesel  engine  works  under  a  maximum  pressure 
of  from  450  to  470  lb.  per  sq.  in. ;  this  is  only  15  to  20 
per  cent  higher  than  what  is  customary  in  gas  engine 
practice.  As  far  as  control  of  the  resulting  strains  in 
the  various  engine  parts  is  concerned,  no  more  diiBcult 
pi-oblems  would,  therefore,  present  themselves  than  in 
gas  engine  design.  Unlike  in  the  gas  engine,  however, 
it  is  imperative  with  the  Diesel  engine  tliat  this  max- 
imum pressure  be  attained  with  compression  alone. 
Extreme  accuracy  of  fits  as  well  as  alignment  of  the 
various  engine  parts  must  therefore  be  one  of  the  first 
rc((uiremeuts  in  Diesel  engine  constniction.  This  is 
not,  as  might  at  first  appear,  merely  a  shop  question; 
the  highest  standard  of  workmanship  cannot  prevent 
rapid  deterioration  if  unsuitable  materials  are  used  or 
features  of  design  resorted  to  that  result  in  excessive 
or  unfavorable   strains.     Strength   computations   are 
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onlj-  one  part  of  the  designer's  work;  a  more  imjioi'- 
tant  tiisk  is  to  study  and  if  possible  detenuine  elastic 
defomiations  and  their  possible  effect  upon  co-related 
parts.  It  is  here  where  the  designer's  skill  and  expe- 
rience manifests  itself ;  by  judicious  distribution  of  ma- 
terial or  form  of  constructive  elements  these  deforma- 
tions can  be  greatly  reduced  and  transmitted  in  such 
a  way  as  not  to  affect  vital  i)oints  of  the  engine.  The 
unusual  amount  of  painstaking  work  involved  in  in- 
vestigations of  tliis  nature  is  well  repaid  by  the  satis- 
faction and  insurance  of  having  produced  an  engine 
that  will  meet  the  most  exacting  requirements.  An 
engine  built  with  such  care  will  be  as  reliable  as  a 
steam  engine  and  considerably  simpler  than  the  appa- 
i-atus  of  a  steam  plant  and  the  operator  will  be  una- 
ware of  the  high  temperatui'es  or  pressures  Tinder 
which  it  works.  In  view  of  past  experiences,  this 
statement  may  sound  Utopian  to  American  engineers; 
nevertheless  it  is  being  proved  daily  and  accounts  for 
the  fact  that  the  aggregate  horse-power  of  Diesel  en- 
gines in  operation  today  in  Eiiropean  countries  ap- 
proaches the  one  and  one-half  million  mark. 

We  are  in  the  fortitnate  position  of  being  able  to 
draw  from  the  \\ealth  of  information  and  experience 
accumulated  during  the  last  ten  years  in  all  these 
Diesel  engine  installations  under  the  most  vaiying  con- 
ditions. This  experience  manifests  itself  in  certain 
typical  foi'ms  of  constructional  elements  ^\hich  have 
been  found  to  give  the  best  security  for  continuous 
service,  even  under  adverse  conditions.  Information 
of  this  nature  is  accessible  to  every  engineer  through 
the  technical  press  and  I  cannot  but  urgently  plead 
for  its  careful  study.  By  this,  I  do  not  wish  to  be  un- 
derstood to  advocate  blindly  following  practices  which 
have  been  developed  by  one  or  two  leading  European 
conceiTis  and  adopted  since  then  with  very  few  modi- 
fications by  later  manufacturers.  The  cost  of  labor 
and  its  relation  to  the  cost  of  raw  materials  are  so  dif- 
ferent here  from  what  they  are  abroad,  that  they  in- 
vite certain  departures  from  European  practice.  The 
idtimate  aim,  however,  must  be  always  a  product 
which  is  first  of  all  reliable ;  we  must  endeavor  to  in- 
corporate those  features  which  make  for  long  life,  not 
only  under  intennittent  periods  of  operation,  but  un- 
der requirements  such  as  have  to  be  met  with  in  indus- 
trial installations  with  as  high  as  144  operating  hours 
per  week. 

As  an  example  to  illustrate  this  point.  Fig.  1  shows 
a  fonn  of  adjustable  bearing  which  to  many  engineers 


420 


RECENT     DEVELOPMENTS     IN     THE     DIESEL     ENGINE,     H.     R.     SETZ 


421 


still  represents  the  ne-plus-ultra  of  meelianieal  per- 
fection. With  the  pressures  acting  mostly  downwards, 
the  idea  is  to  take  up  any  wear  in  the  lower  box  B  by 
drawing  up  wedge  W.  Considering  the  fact  that  a 
slight  clearance  c  must  be  maintained  between  shaft  or 
pin  and  bearing  to  allow  for  lubricating  oil,  it  can 
readily  be  seen  that  even  under  veiy  best  conditions, 
box  B  is  alwaj's  loose  or  floating  between  the  moving 
shaft  above  and  the  wedge  underneath  it.  That  the 
latter,  -with  its  varying  position  according  to  adjust- 
ment and  duty  of  transmitting  all  the  forces  acting 
upon  box  B,  is  not  an  ideal  supjjort  for  a  bearing  box, 
is  quite  evident.  Utter  lack  of  rigidity  in  the  very  di- 
rection where  it  is  most  required  is  therefore  the  first 
criticism  of  this  construction. 

An  equally  bad  feature  is  the  uncei'tainty  of  effec- 
tive lubrication.  Owing  to  the  gap  g  between  the  two 
box  halves  which,  of  course,  is  necessaiy  to  facilitate 


Fig.  1     A  Generally  used  form  of  Adjustable  Bearing 

adjustment,  a  comparatively  low  bearing  pressure, 
combined  with  the  rotation  or  oscillations  at  the  bear- 
ing surface  is  required  to  reduce  the  thickness  of  the 
oil  film  sufficiently  to  cause  excessive  wear.  A  third 
drawback,  which  applies  to  a  great  number  of  modifi- 
cations of  this  fonn  of  bearing,  is  the  danger  of  shift- 
ing in  regard  to  the  shaft  or  pin  axis.  This  is  brought 
about  by  the  lack  of  adequate  mechanical  means  and 
therefore  impossibility  to  maintain  absolutely  with 
any  degree  of  certainty  time  alignment,  either  in  op- 
eration or  wdiile  adjustments  on  the  wedge  are  being 
made;  an  error  of  only  a  very  few  thousandths  of  an 
inch  can  cause  disastrous  results.  In  view  of  these  pos- 
sibilities, the  use  of  any  fonn  of  wedge  adjusted  bear- 
ings, either  as  crank  shaft  bearings  or  crank-pin  and 
piston-pin  boxes,  is  to  be  condemned ;  experience  even 
on  gas  engines  has  sho^\^l  that  they  lack  all  the  essen- 
tial features  that  insure  reliability  in  continuous  op- 
eration and  this  will  to  an  even  greater  extent  be  true 
in  Diesel  engine  practice. 

Fig.  2  shows  the  form  of  bearing  wliich  has  fulfilled 
all  reqiiirements  of  continuox;s  service  in  a  most  suc- 
cessful manner.     Rigidity  is  insured  by  the  bearing 


shells  being  fitted  over  their  whole  circumference  di- 
rectly into  the  main  structure  without  any  intermedi- 
ate parts.  Furthermore,  they  are  drawn  down  tight 
on  each  other  by  means  of  the  bearing  cap,  usually 
with  shims  s  between  tlie  joint,  so  that  a  continuous  oil 
film  of  ample  thickness  can  be  maintained  over  the 
wdiole  bearing  surface.  The  pin  or  shaft  is  thus  ac- 
tually kept  floating  on  oil  so  that  wear  will  be  reduced 
to  a  minimum.  It  is  even  conceivable  that  with  clean 
lubricating  oil  and  a  proper  lubricating  system,  wear 
might  be  entirely  eliminated.  Cases  ai'e  known  where 
Diesel  engine  main  bearings  of  this  form  still  showed 
original  scraper  marks  after  two  years  of  operation. 
It  is  due  to  these  features  that  accuracy  and  mainte- 
nance of  alignment  are  insured  to  a  degree  not  obtain- 
able with  any  other  form  of  bearing  known  today. 

Vertical,  moderate-speed  four-cycle  engines,  with 
rotative  speeds  ranging  from  150  to  200  r.p.m.,  and 
piston  speeds  from  6.50  to  750  ft.  per  min.  are  consid- 
ei'ed  here  as  the  one  type  which  experience  has  proved 


Fig.  2    A  form  of  Rigid  Bearing  that  s.atisfies  Diesel  Engine 
Requirements 

to  be  more  than  any  other  adapted  to  meet  successfully 
genei'al  industrial  conditions  in  sizes  uji  to  175  to  200 
li.p.  per  cylinder.  For  veiy  small  sizes  or  installations 
where  the  load  factor  is  low,  two  of  the  leading  Ger- 
man makers  have,  within  the  last  few  years,  developed 
a  line  of  horizontal  engines  of  the  Diesel  type.  This 
form  is  somewhat  lower  in  first  cost  and  there- 
fore better  adapted  for  conditions  where  the  fixed 
charges  have  to  be  distributed  over  comparatively  few 
operating  hours.  Under  these  conditions,  the  inherent 
disadvantages  of  horizontal  engines  probably  ^^•ill  not 
manifest  themselves  sufficiently  to  cause  excessive 
maintenance  expenses,  although  naturally  experience 
extending  over  sufficiently  long  periods  to  furnish  con- 
clusive data  is  at  the  present  time  still  lacking.  The 
two  concerns  refeiTed  to  above,  although  being  the 
largest  manufacturers  of  horizontal  engines,  have  at 
the  same  time  a  far  larger  output  in  vertical  units. 

As  regards  vertical  engines,  distinction  must  be 
made  again  between  the  moderate-speed  and  the  high- 
speed t.^^)e,  running  anywhere  from  200  to  400  r.p.m.. 
with  piston  speeds  ranging  from  800  to  900  ft.  per 
min.  and  more.    These  were  brought  oxit  lately  to  meet 
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a  dfiuaiid  for  compact  and  light  prime  movers  to  be 
used  as  auxiliaries  on  board  ships  or  as  a  standby  for 
lighting,  power  and  jximping  plants,  wiiere  space  is 
limited.  I'nfoiliinately  not  enough  information  is 
generally  available  whereby  a  relation  between  most 
favorable  operating  conditions  and  rotative  oi-  i)iston 
speeds  can  be  definitely  establislied,  but  this  much  is 
known,  liowever.  that  high  j)ist()n  speeds  ai-e  decidedly 
detrimental  to  continuous  satisfactoi'\  operation.  It 
is  only  under  conditions  su<'li  as  rather  infrequent  and 
short  operating  pei'iods,  theivfore.  that  the  liigh-speed 
engines  can  give  a  fairly  good  account  of  themselves 
and  even  then  tlieir  depreciation  is  (juit*'  I'apid. 

The  characteristic  features  of  tlie  Diesel  cycle  of  op- 
eration cannot  be  moi-e  (luiekiy  ^■i'asi)e(l  than  by  refer- 
ence to  the  comparative  indicatoi-  diagrams.  Fig.  ;5,  of 
a  Diesel  engine,  a  gas  engine  and  a  steam  engine,  all 


pound  in  the  gas  engine,  which  is  not  noticeable  in  the 
Diesel  engine.  Due  to  the  higlier  compression,  the 
clearance  volume  of  the  Diesel  engine  is  about  8  per 
cent  of  the  displacement  volume,  compared  with  20  to 
25  per  cent  in  the  gas  engine.  In  the  unitiow  engine, 
witii  the  steam  exhausting  into  the  condenser  under  a 
vei-y  low  vacuum,  tlie  clearance  volume  is  only  2  per 
cent  of  the  displacement  volume,  although  not  all  of 
the  latter  is  available  for  compression,  as  the  exhaust 
ports  extend  usually-  over  about  8  per  cent  of  the  pis- 
ton stroke. 

Since  Fig.  3  shows  the  diagram  of  the  thi'ee  t^'pes 
of  prime  movers  over  the  same  cylinder  volume  (at 
the  end  of  the  expansion  stroke),  it  fomis  a  ready 
means  of  comparison  in  regard  to  their  specific  work 
capacity.  With  the  uniflow  steam  engine  highest  and 
the    gas    engine    lowest,    the    proportions    are    about 


Fig   3    Comparative  Indicator  Diagrams  of  Diesel  Engines, 
Gas  Engines  and  Uniflow  Steam  Engin-es 

tJiree  having  the  same  cylinder  volume.  The  steam  en- 
gine diagram  is  characteristic  of  the  uniflow  engine,  a 
form  which  permits  the  utilization  of  the  whole  pres- 
sure range  of  the  steam  in  one  cylinder  in  the  most 
ideal  manner.  Tlie  similarity  of  this  diagram  to  that 
of  the  Diesel  engine  is  quite  striking,  except  for  the  toe 
T,  caused  by  the  uncovering  of  the  exhaust  ports  of 
the  steam  engine  piston.  The  Diesel  engine  diagram 
shown  is  that  of  a  four-cycle  engine;  in  the  card  of  a 
two-cycle  engine,  a  similar  toe  would  be  apparent.  The 
maximum  pressures,  while,  of  course,  about  tliree 
times  liiglier  in  tlie  Diesel  engine,  are  in  both  engines 
obtained  very  gi-adually  by  compression  alone,  while 
in  the  gas  engine  the  pressure  at  the  end  of  the  com- 
pression stroke  is  only  about  160  lb.,  followed  by  a 
practically  instantaneous  pressure  increase  to  IJCO  lb., 
or  about  12.")  jx'i'  cent,  it  can  be  seen  from  this  that 
while  the  maximum  pressure  reached  in  the  Diesel  en- 
gine is  about  1.')  to  20  per  cent  higher,  the  gas  engine 
nevertheless  works  under  less  favorable  conditions.  In 
actual    piactice,    this    manifests    itself    in    a    distinct 
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Fig.  4    Diagram  of  Working  Elements  of  the  Diesel  Engine 

1.85  :  1.35  :  1.0.  Tlie  four-cycle 'Diesel  eugaie  with  its 
one  working  stroke  against  the  two  of  the  steam  en- 
gine, is,  therefore,  a  fairly  close  second,  while  a  two- 
cycle  Diesel  engine,  although  its  mean  effective  pres- 
sure is  considerablj'  lower  than  that  of  a  four-cycle, 
leads  the  steam  engine  by  about  18  per  cent.  This  su- 
periority of  the  two-cycle  engine  over  the  four-cycle  in 
regard  to  capacity  is  quite  generally  understood  and 
accounts  for  a  rather  widespread  belief  that  the  Diesel 
engine  of  the  future  will  be  of  the  two-c,vcle  type.  Un- 
fortunately, however,  this  very  fact  of  double  the 
power  strokes  and  double  the  heat  influx  through  a 
given  cylinder  surface,  introduces  ph.vsical  and  me- 
chanical problems  of  a  complexity  unknown  in  four- 
cycle engine  work.  In  a  two-cycle  engine,  the  heat  to 
be   transmitted   through    one   square    foot   of   cylinder 
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surface  aiiiouiits  to  approximately  90, ()()()  H.t.u.  per 
hour,  as  compared  with  about  10,000  B.t.u.  in  a  steam 
boiler.  In  a  four-cycle  engine  cylinder  of  the  same 
size,  the  eorrespouding  figure  is  approximately  40,000 
B.t.u.,  i.e.,  less  than  one-half  owing  to  the  higher  econ- 
omy over  the  two-cycle  engine.  The  overheating  of 
four-cycle  engines,  when  working  under  heavy  over- 
loads for  any  length  of  time,  may  well  give  some  idea 
of  what  is  happening  in  the  two-cj'cle  cylinders.  If  to 
this  is  added  the  extremely  high  mean  bearing  pres- 
sure which  is  continuously  acting  in  the  same  direction 
and  thus  aggravates  the  difficulty  of  lubi'ication,  it  is 
little  wonder  that  the  two-cycle  Diesel  engine  has  so 
far  failed  to  fulfill  most  of  its  promises,  except  for 
large,  slow  speed,  stationary  units. 

Owing  to  their  high  mean  temperature,  any  strains 
of  the  reciprocating  piston,  even  those  resulting  from 
the  weight  only,  have  proved  detrimental  and  must  be 
kept  away  from  the  cylinder  walls.  This  can  be  ac- 
complished only  in  a  vertical  cross-head  type  engine 
with  water-cooled  pistons  and  even  then  experience  has 
amplj'  proved  that  nothing  but  the  longest  possible 
intervals  between  '"  heat  impulses,"  i.  e.,  slow  speeds. 
will  guarantee  its  success.  Such  features  cannot  be 
incorporated  in  engines  below  about  200  h.p.  per  c.yl- 
inder  without  increasing  their  cost  to  a  prohibitive 
figure.  It  can  safely  be  said,  therefore,  that  for  any- 
thing like  steady  daily  sei-vice,  the  two-cycle  Diesel 
engine  of  small  or  medium  size  is  out  of  the  question. 
The  reluctance  with  which  the.se  facts  are  accepted  by 
those  not  thoroughly  versed  in  Diesel  engine  practice 
is  shown  by  one  or  tw-o  types  of  two-cycle  engines  that 
are  conspicuous  by  their  cheapness  as  well  as  poor  en- 
gineering features.  The  temporary  advantage  gained 
by  the  cheap  first  cost  is  in  a  short  time  wiped  out  by 
the  heavy  maintenance  cost  and  involuntary  shut- 
downs. 

The  high  compression  of  the  Diesel  engine  as  shown 
in  the  diagram.  Fig.  3,  indicates  that  there  nuist  be  a 
fundamental  difference  between  its  method  of  opera- 
tion and  that  of  other  foi-ms  of  internal  combustion 
engines.  With  the  latter,  it  is  a  well  known  fact  that 
the  danger  of  premature  ignition  of  the  gas  and  air 
mixture  contained  in  the  cylinder  during  the  compres- 
sion stroke,  limits  the  maximum  compression  pressure 
to  a  value  far  below^  that  obtained  in  Diesel  engines. 
In  the  latter,  pure  air  alone  is  compressed  in  the  en- 
gine cylinder,  which,  of  course,  at  once  eliminates  all 
danger  of  premature  ignition.  The  fuel  is  not  brought 
into  contact  with  this  highly  compressed  air  until  the 
end  of  the  compression  stroke.  From  this  the  need  for 
entirely  new-  mechanical  means  on  the  Diesel  engine,  as 
shown  diagrammaticaUy  in  Fig.  4.  is  apparent.  Aside 
from  the  usual  cylinder  and  piston  with  admission  and 
exhaust  valves,  each  Diesel  engine  requires  an  air  com- 
pressor a.  capable  of  compressing  air  to  a  pressure  as 
high  as  900  lb.  per  sq.  in.    These  air  compressors  have 


at  least  two,  preferably  tliree,  pressure  stages  with  ef- 
fective intei'coolers  betwi'en  each  stage,  so  as  to  keep 
the  air  temperatures  always  as  low-  as  possible.  From 
the  last  stage,  the  air  passes  to  a  receiver  t,  which  is 
continuously  in  open  comnuuiication  with  space  s  of 
the  fuel  valve  cage  c  on  the  engine  cylinder.  Fuel  oil 
pump  o.  under  control  of  the  governor,  periodically  de- 
livers a  nu'asured  quantity  of  oil  corresponding  to  the 
load  on  the  engine,  into  space  s  of  the  fuel  valve  cage. 
This  oil,  it  will  be  obsei-ved,  must  be  delivered  against 
the  high  pressure  prevailing  in  space  s,  as  will  be  re- 
ferred to  again.  As  soon  as  the  fuel  valve  n  opens,  the 
high  pressui-e  air  will  lilow  the  fuel  from  space  s  into 

•^  if}     'ft 


Fig.  5    Ax  Ex.vmple  of  the  Convention.\l  Type  of  \'ertical 
Four-Cycle  Dies=;l  Engine 

the  engine  cylinder  where  air  has  in  the  meantime  been 
compressed  high  enough  so  that  the  resulting  tempera- 
ture will  immediately  ignite  the  fuel  injected  into  it. 
This  injection  continues  over  about  10  per  cent  of  the 
dowTiward  stroke  of  the  engine  piston  in  such  a  way 
that  combustion  of  fuel  takes  place  at  approximately 
constant  pressure  (see  indicator  card.  Fig.  3).  The 
important  function  of  the  high  pressure  air  com- 
pressor a  can  now  be  readily  understood  in  that  it  fur- 
nishes the  necessai'y  medium  to  cany  the  liquid  fuel 
into  the  engine  cylinder  against  the  high  pressure  pre- 
vailing therein ;  incidentally  it  also  furnishes  the  air 
required  to  start  the  engine. 

Fig.  5  shows  an  older  form  of  the  conventional  type 
of  vertical  foiir-cycle  Diesel  engine,  on  which  the  ar- 
rangement of  the  principal  parts  just  enumerated  can 
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be  clearly  seen.  The  air  compressor,  A,  is  here 
mounted  horizontally  along  the  engine  base-plate  and 
driven  directly  from  a  side  crank  on  the  engine  shaft 
and  fomis,  therefore,  an  integral  part  of  the  engine; 
this  is  to-day  the  general  practice  on  all  modem  Die- 
sel engines,  as  it  has  been  found  to  be  by  far  tlie  most 
effective  arrangement.  The  vertical  arrangement,  as 
in  Fig.  23,  is,  however,  to-day  given  the  preference,  as 


parts  thus  insures  maintenance  of  accuracy  in  the 
valve  setting  as  well  as  quiet  operation.  As  an  addi- 
tional insurance,  some  designers  have  lately  completely 
enclosed  the  cam  shaft  in  a  continuous  housing,  where- 
by the  cams  and  cam  rollers  can  be  thoroughly  lubri- 
cated and  dirt  and  dust  kept  away  from  them. 

The  accepted  practice  on  all  internal  combustion  en- 
gines for  starting  is  compressed  air,  which  suggests  it- 


FiG.  (j    Details  of  a  form  of  Starting  Mechanism  commonly  used  in  Diesel  Engine  Practice 


it  gives  more  satisfactoiy  results  and  has,  therefore, 
been  adopted  even  for  liorizontal  engines.  The  fuel 
oil  pump,  o,  is  mounted  on  the  cam  shaft  bracket  and 
is  driven  from  the  vertical  shaft  which  transmits 
the  motion  from  the  crank  shaft  to  the  cam  shaft.  This 
same  vertical  shaft  carries  on  its  top  the  governor,  G, 
wiiieli  regulates  tlie  amount  of  oil  to  be  furnished  by 
pump  0,  although  a  somewhat  simpler  and  neater  ar- 
rangement for  this  governor  is  found  on  most  of  the 
latest  forms  of  engines  by  placing  it  on  the  vei'tical 
shaft  imderneath  the  oil  pump. 

Fig.  5  gives  also  a  good  idea  of  valve  gear  arrange- 
ment. The  cam  shaft  runs  alongside  the  cylinder  head 
and  is  supported  on  brackets  B  bolted  to  the  engine 
frame,  which  permits  the  removal  of  the  cylinder  head 
without  having  to  dismantle  the  cam  shaft.  With  the 
cams  C  thus  brought  close  to  the  valves  in  the  cylinder 
head,  the  mechanism  required  to  operate  each  valve 
reduces  itself  to  a  single  rocker  arm  J^i,  i?,,  B^^  and  R^, 
and  the   absence  of  rods  or  anv  other  intermediate 


Fig.  7    A  form  of  Apparatus  used  in  Marine  Practice  for 

Operating  the  Starting  Valve 
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self  all  the  more  on  the  Diesel  engine  on  aeeount  of 
the  use  of  the  high-pressure  air  compressor.  The  fact 
that  air  of  a  pressure  varying  from  700  to  900  lb.  per 
sq.  in.  is  needed  to  inject  the  fuel  into  the  engine  cylin- 
der naturally  suggests  the  use  of  air  of  tliis  same  pres- 
sure for  starting  and  this  actually  is  the  practice  gen- 
erally pursued  in  modem  Diesel  engines.  One  or  two 
large  seamless  steel  receivers  of  ample  capacity  for  sev- 
eral starts  each  are  to-day  used  on  eveiy  engine,  these 
being  kept  charged  with  air  of  from  700  to  800  lb. 
pressure. 

In  the  first  stages  of  Diesel  engine  development  in 
Europe,  this  high  pressure  air  system  had  often  been 
criticised   as  dangerous ;   now,   since  tliousands  of   iii- 


oil  into  the  engine  cylindei'.  The  high-pressure  air 
compressor  as  well  as  the  high-pressure  air  line  to  the 
injection  valves  are,  of  course,  retained  with  this  ar- 
rangement, so  that  the  mere  elimination  of  the  high- 
pressure  air  receivers  means  a  vei-y  small  gain  in  re- 
gard to  safety.  A  very  serious  drawback  is  intro- 
duced, however,  due  to  the  resulting  absence  of  resei've 
capacity  of  compressed  air.  If  it  takes  about  ten 
cliarges  of  compressed  air  to  build  up  the  injection  air 
pressure,  it  can  be  seen  readily  that  with  an  initial 
pressure  of  only  200  lb.  very  little  air  will  be  left  for 
another  start  if  the  first  attempt  should  fail.  Further- 
more, the  absolute  dependence  upon  everj'  stroke   of 


Fig.  8    Plan  View  of  the  V.\l\'e  Gear  shown  in  Fig.  G 


Fig.  9     A   Modified  Arrangement  of  the   Valve   Gear  to 
Facilitate  Removal  of  Rocker  Arms 


stallations  have  proved  their  safety  to  exceed  that  of 
steam  boiler  plants,  owing  to  the  absence  of  high  tem- 
peratures and  the  small  pipes  \ised,  it  is  accepted  as 
the  simplest  and  most  reliable  system  for  starting. 
Nevertheless,  schemes  are  occasionally  brought  out  in 
which  the  high-pressure  air  system  has  seemingly  been 
done  away  with  by  replacing  botli  injection  and  start- 
ing air  receivers  with  one  tank,  which  is  kept  charged 
with  air  of  about  200  lb.  pressure.  In  starting,  the  en- 
gine is  operated  with  air  of  this  lower  pressure  until 
a  sufficiently  high  air  pressure  has  been  built  up  in 
the  injection  air  line  to  permit  the  injection  of  fuel 


the  air  compressor  so  as  to  prevent  immediate  reduc- 
tion of  the  injection  air  pressure  below  that  of  the 
highly  heated  air  in  the  engine  cylinder,  with  result- 
ing explosion  in  the  injection  valve  cage  and  especially 
burning  off  of  needle  valves,  does  not  greatly  add  to 
the  reliabilitv  of  this  system. 

The  customary  arrangement  on  the  engine  to  facil- 
itate starting  consists  of  a  valve  V,  Fig.  6,  whicli  is 
mechanically  operated  by  means  of  rocker  ann  B.,  and 
this,  as  well  as  the  injection  valve  rocker  arm  R„  are 
both  mounted  on  an  eccentric  E,  which  is  provided 
with  tlie  luindle  H.     Witli  tliis  handle  in  tlie  I'luining 
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position,  as  shown  in  full  lines  in  Fig.  (i,  rocker  arm 
R„  is  raised  sirfBeiently  to  let  its  eain  C.  pass  under- 
neath it  without  opei-ating  valve  T,  while  locker  arm 
R^  is  in  its  noniial  opei-ating  position.  To  start  the  en- 
gine, handle  H  is  turned  90  degrees  into  position  2, 
when  rocker  arm  R.  is  moved  out  of  contact  with  its 
cam  C ,,,  while  R.^  now  moves  into  operating  position. 
With  handle  II  in  position  1,  neither  rocker  arm  is 
working  and  the  engine  is  tiiereby  stopped.  Valve  Y 
is  made  a  balanced  valve  by  giving  its  stem  the  same 
diameter  as  the  valve  proper,  thus  pennitting  the 
starting  air  to  be  turned  on  without  c-ansing  it  to  open. 
Induced  by  the  requirements  of  marine  practice  for 
which  the  system  just  described  does  not  lend  itself  as 
readily  on  account  of  the  frequent  maneuvering,  sev- 


3 


Fig.   10     Cross-section  of  Cylinder  Head  shown  in  Fig.  8 

eral  schemes  have  lately  been  devised  whereby  the 
starting  valve  is  operated  pneumatically.  This  per- 
mits a  considerable  simplification  of  the  whole  valve 
gear  which,  with  some  modifications,  is  applicable  to 
advantage  on  stationary  engines  as  well.  Fig.  7  repre- 
sents schematically  one  such  system  wliich  has  given 
very  good  satisfaction.  Mounted  on  the  same  shaft 
with  the  cams  is  the  rotai-y  distributor  D  which,  by 
means  of  suitable  passages,  periodically  connects  ;i 
(  haml)er  over  the  starting  valve  fii'st  with  branch  L,  of 
the  starting  air  line  and  then  to  the  atmosphere 
thi-ougli  0.  Piston  A^  on  the  starting  valve  stem  is 
thus  acted  upon  to  operate  valve  V  the  same  way  as 
was  formerly  the  case  with  the  rocker  arm  R,.  This 
starting  operation  begins  as  soon  as  the  quick-opening 
valve  Q  is  moved  to  admit  air  from  the  main  starting 
line  L  into  the  branch  line  L^ ;  valve  Q  is  so  arranged 
that  the  engine  can  be  started  either  from  the  plat- 
form or  engine  room  floor  at  will. 


Here  is  an  example  where  it  has  paid  well  to  make 
a  departure  from  conventional  European  practice. 
Aside  from  providing  means  for  starting  and  stopping 
the  engine  either  from  the  engine  platform  or  engine 
room  floor  and  thus  eliminating  one  of  the  criticisms 
made  against  vertical  engines,  it  has  helped  to  consid- 
erably simplify  the  valve  gear  as  Figs.  8  and  9  will 
show.  Fig.  8  gives  a  top  view  of  the  valve  gear  shown 
in  Fig.  6.  R^  is  the  rocker  ann  for  the  exhaust  valve, 
R„  that  for  the  starting  valve,  Rj  for  the  injection 
valve  and  R^  the  one  for  the  admission  valve.  All 
tliese,  together  with  eccentric  E  and  handle  H,  are 
mounted  between  the  supporting  posts  P  on  fulcrum 
F  (see  also  Fig.  6).  It  will  be  noticed  that  in  order 
to  remove  any  of  the  valves  from  the  cylinder  head  the 
rocker  arms  with  their  fulcnim  F  must  first  be  bodily 


Fig.   U     Cross-section  through  a  Cylinder  Head  of  Sym- 
metrical Design 

lifted  out  of  the  supporting  posts  P.  With  the  elimi- 
nation of  rocker  arm  i?„  and  the  handle  H,  a  more  con- 
venient method  of  support  could  be  adopted  for  the 
valve  gear  shown  in  Fig.  9.  Here  rocker  arms  R^  and 
R^  are  mounted  on  the  overhanging  ends  of  fulcrum 
F,  the  latter  being  rigidly  supjiorted  by  the  chair  C 
between  its  two  bosses  B  with  the  injection  valve 
locker  arm  R^  in  between  them.  Either  rocker 
a  I'm  R,  or  7?^  can  be  easily  withdrawn  by  tak- 
ing off  tile  end  plate  T.  which  penuits  quick  removal 
of  the  admission  or  exhaust  valve  while  the  rest  of  the 
valve  gear  remains  intact.  Full  access  for  removing 
the  injection  valve  is  obtained  by  loosening  the  two 
clamping  bolts  S  in  the  chair  C  so  that  fulcnim  F  can 
be  shifted  lengthwise  until  rocker  arm  R^  can  be  taken 
off.  These  modifications,  although  insignificant  in 
themselves,  are  the  simple  short  cuts  w^hich  make 
proper  supei-vision  easy. 

Probably  the  most  important,  altliough  least  notice- 
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able,  advantage  resulting  from  this  modified  valve 
gear  is  the  simple  cylinder  head  construction.  It  is 
well  knowTi  from  gas-engine  practice,  that  the  cjdin- 
der  head  is  one  of  the  most  delicate  parts  on  the  whole 
engine,  and  this  is  to  a  still  greater  measure  true  with 
Diesel  engines  where,  owing  to  the  higher  pressures, 
although  with  temperatures  slightly  lower  than  in  gas 
engines,  extreme  care  must  be  paid  to  a  suitable  de- 
sign. Aside  from  proper  material  which  in  itself  re- 
quires considerable  study,  the  first  requirement  is  to 
obtain  a  easting  which  is  as  free  from  initial  strains 
as  possible.  With  our  present  knowledge  very  little 
can  be  done  to  detennine  these  mathematically  before- 
hand :  the  designer  must  here  be  guided  by  logical  rea- 
soning, based  upon  practical  expt-rienee. 


Fir:.   12     Typical  Fuel  Atomizer  used  on  European  Die.sel 
Engines 

The  cross-section  tlirougli  cylinder  head  shown  in 
Fig.  10  is  typical  for  the  valve  arrangement  and  valve 
gear  shown  in  Fig.  8,  but,  although  quite  generally 
used,  it  can  hardly  be  considered  an  ideal  one.  With 
tlie  exhaust  and  admission  passages  running  in  differ- 
ent directions  and  the  starting  valve  placed  to  one  side 
of  center  line  B-B,  this  cylinder  head  has  no  axis  of 
symmetiy;  the  unequal  distribution  of  metal  is  likely 
to  cause  initial  strains  of  widely  varying  magnitude  at 
different  points  of  the  casting  wliich  cannot  be  entirely 
relieved  by  annealing.  Under  this  condition,  the  addi- 
tional and  quite  considerable,  strains  resulting  from 
the  high  working  temperatures  and  pressures  in  the 
engine  cylinder  may  cause  deformations  (sometimes 
even  rupture)  which  will  seriously  afl'ect  the  life  of 
the  valves  and  impair  the  accuracy  of  tlieir  timing, 
particularly  the  closely  fitted  injection  valves.     It  is 


evident  that  the  overhanging  lugs  S,  which  support 
the  valve  gear  posts  P  (see  Fig.  8)  transmit  quite  an 
appreciable  bending  moment  upon  the  walls  of  the 
cylinder  head,  thus  adding  to  the  complexity  of  the 
ease. 

Considerably  more  freedom  from  all  these  influ- 
ences is  obtained  with  a  cylinder  head  as  shown  in  Fig. 
11.  The  symmetrical  distribution  of  the  metal  about 
the  axis  B-B,  togetlier  with  liberal  hand  holes  0,  are 
conducive  to  small  initial  strains  and  more  unifonn 
woi-king  strains,  aside  from  offering  the  advantage  of 
easier  moulding.  This  arrangement  is  made  possible 
by  locating  the  air  starting  valve  on  center  line  B-B, 
away  from  the  valve  gear  side.  No  bending  strains  are 
transmitted  to  this  cylinder  head  since  chair  C  (Fig. 
9),  supporting  the  valve  gear,  is  mounted  on  the  cylin- 
der head  and  held  down  by  the  two  studs  X. 

One  of  the  most  important  parts  of  the  Diesel  engine 


Fig.  1.3     Another  well  established  form  of  Atomizer  for 
Vertical  Engines 

is  the  fuel  injection  valve,  which,  as  Fig.  9  shows,  is 
an-anged  vertically  in  the  center  of  the  cylinder  head. 
This  has  been  found  to  be  the  most  advantageous  loca- 
tion and  is  one  of  the  reasons  why  the  vertical  engine 
finds  so  much  preference  among  Diesel  engineers. 
With  all  the  valves  arranged  vertically  in  the  cylinder 
head,  whereby  wear  on  their  guides  is  almost  entirely 
eliminated  and  accurate  seating  at  all  times  insured,  a 
perfectly  cylindrical  and,  therefore,  most  ideal  com- 
bustion chamber  is  obtained.  A  similar  form  of  com- 
bustion chamber  can,  of  course,  also  be  obtained  on 
horizontal  engines  if  the  valves  are  placed  horizontally ; 
this,  however,  means  resorting  to  a  practice  long  ago 
discarded  on  gas  engines  after  it  was  found  to  be  in- 
ferior to  the  vertical  valve  arrangement. 

The  introduction  of  the  fuel  into  tlie  engine  cylinder 
is  one  of  tlie  most  intricate  problems  involved  in  Diesel 
engine  design.  This  can  be  readily  undei-stood  if  it  is 
remembered  that  on  stationary  engines  of  the  type  here 
considered,  a  period  of  only  about  Vs.-.  to  Vss  of  ^ 
second  is  available  gradually  to  inject  the  fuel,  and  at 
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the  same  time  convert  it  from  the  liquid  state  iuto 
very  minute  particles  wliich  will  have  to  be  gasified 
and  brought  into  intimate  contact  with  the  air  neces- 
sary to  sustain  combustion.  The  usual  means  for  ac- 
complishing tliis  is  illustrated  in  Fig.  12,  where  the 
lower  end  of  tlie  needle  valve  guide  g  is  provided  with 
a  series  of  perforated  discs  h,  the  holes  in  which  strad- 
dle each  other  from  plate  to  plate.  Between  injection 
periods  the  fuel  oil  is  deposited  on  these  discs  where 
it  will  spread  out  and  equally  distribute  itself  all 
around  the  valve  guide.  Wlien  needle  valve  11  opens, 
the  high  pressure  air  blast  passing  down  through  the 
holes  in  plates  h  will  wipe  the  oil  off  fi'om  these  com- 
paratively large  surfaces  and  cany  it  through  longitu- 
dinal or  spiral  grooves  p  and  nozzle  m  into  the  combus- 
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Fic.  14     Regulation  Diagram  of  a  100  HP.  Diesel  Engine 

tion  chamber;  the  artificial  resistance  thus  introduced 
to  retard  the.  oil  while  the  air  passes  over  it  at  a  high 
velocity,  effectively  disintegrates  the  liquid  into  a  very 
fine  spray. 

Quite  a  number  of  modifications,  all  based  upon  the 
principle  just  explained,  have  lately  come  into  exist- 
ence for  use  with  various  fuels.  Notable  among  these 
are  the  provisions  made  to  insure  the  introduction  of 
fuel  into  the  combustion  chamber  with  the  very  first 
parti(;les  of  injection  air,  particularly  with  fviels  hav- 
ing a  very  high  flash  point.  Experience  has  taught 
that  in  connection  with  such  oils  tlie  cooling  effect  of 
the  injection  air  has  a  detrimental  influence  on  quick 
and  complete  combustion  which  can  only  be  eliminated 
with  any  degree  of  certainty  by  providing  for  imme- 
diate ignition  of  oil  particles  as  soon  as  the  injection 
valve  opens.  It  is  beyond  the  scope  of  this  paper  to 
attempt  to  cover  this  very  interesting  phase  of  Diesel 
engineering,  especially  since  it  is  still  decidedly  in  the 
development  stage. 


For  completeness,  however,  reference  will  be  made 
to  another  of  the  well-established  fonns  of  atomizers 
for  vertical  engines,  the  principle  of  which  differs 
somewhat  from  the  one  described  above.  Oil  is  de- 
livered through  passage  p,  Fig.  13,  partly  filling  annu- 
lar space  c  as  well  as  a  series  of  holes  h,  while  space  s 
is  as  usual  in  connection  with  the  injection  air  receiver. 
With  the  opening  of  needle  valve  n  the  flow  of  injec- 
tion air  will  immediately  cause  a  drop  of  pressure  at  g, 
tiuis  gradually  forcing  the  oil  up  through  holes  /i  into 
the  stream  of  injection  air  passing  down  along  valve 
n.  It  will  be  observed  that  in  this  atomizer  also  great 
care  has  been  taken  to  insure  equal  distribution  and 
liiorough  mixing  of  oil  with  the  injection  ail-. 

Wliile  the  injection  valve  provides  the  means  where- 
by atomization  and  introduction  of  fuel  into  the  engine 
cylinder  are  controlled,  it  is  the  function  of  the  fuel 
pump  to  deposit  the  proper  amount  of  fuel  oil  in  the 
injection  valve  cage ;  upon  the  foi-mer  depends  the 
economy  of  the  engine,  while  the  latter  affects  the  regu- 
larity of  its  operation.  This  is  again  a  phase  of  Diesel 
engineering  whicli  requires  extremely  careful  study  on 
the  part  of  the  designers  as  the  following  consideration 
will  show:  Fig.  14  represents  the  regulation  diagram 
of  a  100  li.p.  engine  at  a  normal  speed  of  165  r.p.m. 
Any  change  of  load  will  cause  a  change  of  speed  and 
corresponding  change  of  governor  collar  position,  tlie 
ideal  condition  being  where  these  changes  are  propor- 
tional to  the  load  carried  by  the  engine.  This  condition 
is  represented  by  line  A  which,  it  will  be  obser\'ed, 
shows  equal  increments  of  speed  changes  and  governor 
collar  travels  for  equal  load  increments.  Cuiwe  C  shows 
the  variation  in  the  amount  of  oil  to  be  delivered  per 
pump  stroke  for  tliese  various  load  increments.  At  the 
normal  load  0.141  cu.  in.  of  oil  are  required  per  pump 
stroke;  at  three-quarter  load  this  quantity  is  reduced 
by  0.030  cu.  in.,  at  one-lialf  load  by  about  0.028  cu.  in., 
etc.,  down  to  0.021  cu.  in.  at  no  load.  From  this  it  fol- 
lows that  while  the  governor  collar  travels  are  constant 
for  the  same  fractional  load  variations  the  changes  in 
the  capacity  of  the  oil  pump  follow  a  different  law. 
Considering  the  fact  that  the  quantities  to  be  pumped 
are  extremely  small  and  must,  as  we  have  seen,  be  de- 
livered against  the  high  pressure  of  the  injection  air, 
the  care  involved  in  a  pump  of  suitable  design  can 
readily  be  appreciated. 

Mention  must  here  be  made  of  the  so-called  "  open 
injection  nozzle  "  and  its  effect  upon  the  pump  design, 
which  has  lately  been  greatly  exaggerated.  The  char- 
acteristic feature  of  the  open  injection  nozzle  consists 
of  a  small  chamber  or  passage  continuously  in  com- 
munication with  the  combustion  chamber  through  the 
injection  nozzle,  the  fuel  oil  being  delivered  into  this 
cliamber  while  the  pressure  in  the  engine  cylinder  is 
approximately  atmospheric.  By  this  expedient  no 
appreciable  back  pressure  has  to  be  overcome  by  the 
pump  in  delivering  its  charge  which,  it  is  claimed, 
greatly  simplifies  its  constnietion.      It  cannot  be  de- 
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iiiecl  that  this  is  of  some  advantage  inasmuch  as  a  stuf- 
fing box  on  the  plunger  can  be  dispensed  with.  It  is 
extremely  questionable,  however,  whether  this  slight 
simplification  of  tlie  pump  compensates,  especially  in 
larger  engines,  for  the  indirect  control  of  fuel  injec- 
tion with  a  valve  which  merely  cuts  off  the  injection 
air  blast.  To  tlie  author's  knowledge  no  success  has 
so  far  been  had  with  the  open  nozzle  arrangement  on 
vertical  engines. 

Curve  C  of  Fig.  14  incidentally  sliows  tlie  remark- 
ably steady  fuel  consumption  of  the  Diesel  engine, 
which  is  almost  proportionate  to  the  engine  load  as  a 
comparison  with  tangent  T  to  curve  C  at  the  point  of 
normal  load  indicates.      In  tliis  i-espect  tlie  Diesel  en- 


In  Fig.  15  the  pump  plunger  is  operated  positively  on 
the  discharge  stroke  by  means  of  a  cam  while  on  the 
return  or  suction  stroke  a  spring  keeps  the  plunger  in 
contact  with  the  receding  cam  until  it  is  stopped  by  a 
governor-operated  wedge  wliieli  thus  varies  the  suction 
stroke.  This  fonn  of  pump  is  unsuitable  for  work 
against  heav^'  pressures  a.s  the  friction  of  the  plunger 
stuffing  box  could  only  be  overcome  by  quite  a  heavy 
spring  which  from  the  time  the  plunger  is  forced 
against  the  wedge,  would  render  the  governor  inoper- 
ative ;  on  liglit  loads  this  would  happen  during  almost 
tlie  complete  turn  of  the  cam  so  that  regulation  would 


Fig.  15    IMethod  of  Governing  by  Control- 
LixG  Length  of  Suction  Stroke 


Fig.    16     Governing   by    another    Method    of 
Ch.^nging  Length  of  Suction  Stroke 


Fig.  17   A  Lever  and  Bell 

Crank  Mechanism  for 

Changing  Stroke 


gine  diiifers  from  any  other  prime  mover  known  today 
and  accounts  for  the  fact  that  even  at  a  small  load 
factor  its  economy  is  singularly  high.  Moreover,  this 
economy  is  maintained  in  continued  operation  since 
the  automatic  and  complete  control  of  the  governor 
and  absence  of  all  auxiliaries  entirely  eliminates  the 
personal  element. 

Three  distinctly  different  methods  of  fuel  oil  pump 
regulation  are  known  today  : 
1 — Variable  stroke  of  the  pump  plunger ; 
2 — A  mechanically  operated  by-pass  valve  by  means  of 

which  more  or  less  of  the  oil  taken  in  during  the 

suction  stroke  is  returned  to  the  suction  chamber 

during  the  discharge  stroke ;  and 
3 — Variation   of  the   capacity   of  the   pump   chamber 

(.variation  of  the  clearance  voluihe). 
Tj'pical  forms  of  oil  pumps  constructed  on  the  first 
method  are  shown  diagrammatically  in  Figs.  15  to  18. 


be  seriously  affected.  The  same  holds  true  of  the 
pump  shown  in  Fig.  16,  where  a  shaft  governor  acts 
directly  upon  two  eccentrics  to  shift  one  relative  to 
the  other  and  thereby  change  the  stroke  of  the  plunger. 
With  a  stuffing  box  sufficiently  tight  to  pack  the  plun- 
ger against  heavy  pressures,  as  well  as  due  to  the  pres- 
sui'es  acting  upon  the  plunger  itself,  the  i-eaction  upon 
the  governor  would  frustrate  all  attempts  of  regula- 
tion. Both  these  forms  of  pumps  are,  thei'efore,  only 
used  in  connection  with  open  nozzle  engines  where  low 
back  pressure  on  the  oil  permits  the  elimination  of  a 
gland  at  the  plunger. 

Fig.  17  illustrates  an  attempt  at  adapting  the  vari- 
able stroke  principle  for  high-pressure  work ;  here  the 
plunger  is  operated  indirectly  from  a  cam  by  means  of 
a  lever  and  a  bell  crank  with  a  governor  controlled 
roller  interposed  between  them.  As  in  Fig.  15,  the 
discharge   stroke   only   is   positive,   the   return    stroke 
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again  being  aceomplislied  by  means  of  a  spring  whiL-li 
in  this  ease  must  be  lieav-j-  enough  to  overcome  the 
gland  friction  at  the  plunger.  It  is  evident  that  in 
spite  of  the  roller,  excessive  friction  work  can  be  easily 
imposed  upon  the  governor  if  the  gland  at  the  plunger 
or  the  spring  for  actuating  it  is  carelessly  adjusted, 
and  this  fonii  of  pump,  tluirefore,  can  hardly  be 
considered  satisfactoiy  in  aU  respects  for  accurate 
regulation. 

Fig.  18  illustrates  the  very  interesting  case  where 
the  process  of  measuring  the  oil  and  then  forcing  tlie 
measured  quantity  to  the  engine  against  the  high  pres- 


beeu  overcome,  although  the  rather  complicated  me- 
chanical structure  requires  careful  design  and  work- 
mEinship  in  order  to  prevent  excessive  wear  at  its  many 
links  and  pins. 

Two  typical  fonns  of  pumps  of  the  second  method 
are  illustrated  in  Figs.  19  and  20,  their  characteristic 
feature  being  the  plunger  positively  operated  by  an 
eccentric  crank  having  a  displacement  considerably 
larger  tlian  the  maximum  charge  of  fuel  oil  required 
by  the  engine.  Regulation  is  obtained  by  the  governor 
acting  upon  the  suction  valve  tli rough  a  syst<^'m  of 
levers  in  such  a  manner  that  during  the  first  part  of 
the  discharge  stroke  this  valve  remains  open  for  a 
longer  or  shorter  period ;  after  a  certain  amount  of  oil 
has  tlius  been  by-passed  to  the  suction  chamber  the 
valve  returns  to  its  seat  and  dunng  the  remainder  of 
the  stroke  oil  is  forced  to  the  engine.      With  the  ex- 


TO  E/llSttfJe 


Fig.  18    Governing  the  use  of  two   Pdmps,     Fig.  19    Method  of  Governing  by    Fig.  20    Anothek  form  of  Gov-erning  bt 
ONE  FOR  Measuring  and  the  other  for  By-passing  to  Suction  Chamber  By-passing  to  Suction  Chamber 

Forcing 


sure  of  the  injection  air  is  assigned  to  two  .separate 
plungers.  The  forcing  plunger  p  is  positively  oper- 
ated from  an  eccentric  or  crank  at  constant  stroke 
while  the  measuring  plunger  m  derives  its  movement 
from  the  former  througli  a  system  of  levers.  Regula- 
tion is  obtained  by  means  of  bell  crank  c  which  per- 
mits the  governor  to  shift  the  fulcrum  of  lever  a. 
With  this  arrangement  the  measuring  is  accom- 
plished under  the  moderate  pressure  head  at  which 
the  oil  usually  flows  to  the  pump,  and  a  gland  at  the 
measuring  pump  plunger  can  be  dispensed  with,  thus 
reducing  friction  to  a  minimum  so  that  practically  no 
reaction  should  manifest  itself  at  the  governor.  The 
above-mentioned  disadvantages  of  the  variable  stroke 
plunger   arrangement    for   heaw   work   have    thereby 


ception  of  slight  modifications  in  details  of  construc- 
tion. Figs.  19  and  20  are  representative  of  the  most 
generally-  used  method  of  regulation  on  Continental 
Diesel  engines ;  one  and  the  same  pump  lends  itself 
readily  to  a  wide  variety  of  engine  sizes  by  simply  varj'- 
ing  the  point  of  closing  of  the  suction  valve.  But  the 
present  patent  situation  in  the  United  States  will  un- 
doubtedly greatly  restrict  the  use  of  such  pumps  for 
some  time  to  come. 

Fig.  21  shows  a  pump  of  the  third  method,  where 
the  capacity  of  the  pump  chamber  is  varied  independ- 
ently of  the  pump  plunger.  The  latter  is  again  posi- 
tively driven  and  has,  therefore,  a  constant  stroke  and 
displacement.  One  end  of  the  pump  chamber  is 
foj-med  by  a  diaphragm  which  is  secured  at  its  outer 
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periphery  so  that  it  lies  normally  flat  as  sliown.  At 
the  beginning  of  the  discharge  stroke  the  pressure  ex- 
erted upon  the  oil  in  the  pump  chamber  causes  the 
diaphragm  to  deflect  until  it  lies  against  the  uuyield- 
able  stop  m,  and  the  remainder  of  the  oil  is  then  forced 
to  tile  engine.  On  the  next  suction  stroke  the  dia- 
phragm returns  to  its  flat  position  and  a  new  supply  of 
oil  is  taken  in  through  the  suction  valve  s,  the  auuiuut 
of  oil  enclosed  in  the  pump  (chamber  at  tlie  beginning 
of  each  discluirge  stroke  l)i'ing,  tliereforc,  always  the 
same.  Regulation  is  obtained  by  changing  the  posi- 
tion of  stop  in  by  means  of  wedge  a.  wliich  is  connected 
to  the  governor  and  against  whicli  tlic  stem  of  stop  m 
rests.  It  will  be  noticed  that  this  puni])  regulates  by 
changing  its  clearance  space,  in  which  a  variable  quan- 
tity of  oil  can  be  stored  while  the  remainder  goes  to 
the  engine. 

Tile  longitudinal  and  cross-sectional  views,  Fig.  22, 
give  an  idea  of  the  constructional  details  of  a  piunp 
of  this  principle.  It  is  provided  with  two  diaphragms, 
one  on  each  side,  and  the  stops  which  limit  the  deflec- 
tion of  the  diapliragms  are  made  up  of  a  series  of  seg- 
ments, S,  supported  at  their  outer  periphery  on  the 
covers  C,  while  their  inner  ends  engage  with  the  regu- 
lating screws  R.  The  latter  are  acted  upon  by  the  gov- 
ernor througli  levers  L^  and  L.,,  which  turn  these 
screws  over  a  larger  or  smaller  angle  according  to  the 
change  in  the  position  of  the  governor  collar,  and  seg- 
ments S  are  accordingly  tilted  from  their  sti-aight  posi- 
tion tlnis  permitting  the  diaphragms  to  deflect  more 
or  less.  Tlie  pitch  of  screws  S  is  determined  in  such  a 
way  tliat,  for  a  given  maximum  governor  collar  travel, 
the  corresponding  deflection  of  tlie  diaphi'agms  will 
always  be  within  a  veiy  safe  limit,  never  amounting  to 
more  tlian  ^V  in.  In  other  words,  their  maximum  de- 
flection corresponds  to  a  load  wliieh  is  only  a  vei*}' 
small  fraction  of  the  pressure  against  wliicli  the  oil 
is  forced  to  the  engine.  Since  these  diaphragms  are 
in  any  position  snppoi'ted  over  their  whole  surface  by 
unj-ieldable  rigid  supports,  it  is  the  latter  that  cari"^' 
the  full  load,  leaving  the  diaphragms  unaffected.  A 
part  of  the  load  tluis  carried  by  the  segments,  »S',  will 
be  transmitted  to  the  regulating  screws  which  might 
be  expected  to  produce  sufficient  frietional  resistance 
to  temporarily  I'ender  the  governor  inoperative,  but 
in  actual  practice  it  was  found  that  this  resistance  is 
either  not  sufficient  or  else  the  time  during  which  it 
manifests  itself  too  short  to  lock  completely  the  gov- 
ernor. It  has,  however,  a  beneficial  dampening  efi'ect, 
similai'  to  a  dash-pot,  v^hich  effectively  prevents  oscil- 
lations, for  instance,  during  rapid  changes  of  load,  and 
the  essential  requirements  for  close  regulation  are  thus 
met  with  extremely  simple  means. 

This  pump  has  only  one  ])huiger,  and  for  multi- 
cylindei'  engines  provisions  must  therefore  be  made  to 
distribute  the  oil  equally  to  the  various  cylinders.  A 
so-called  distributor,  B,  wb.ich  in  Fig.  22  is  shown  for 


a  three-cylinder  engine,  is  used  for  this  purpose.  Since 
there  is  usually  a  considerable  difference  in  the  dis- 
tance and,  therefore,  resistance  of  the  oil  pipes  between 
the  fuel  pump  and  the  various  engine  cylinders,  means 
must  be  provided  whei-eby  these  resistances  can  be 
equalized,  and  this  is  accomplished  by  means  of  cali- 
brated orifices  0  which  may  be  throttled  more  oi'  less 
with  the  needle  valves  A'.  With  this  arrangement  suf- 
ficiently close  adjustments  can  be  made  to  obtain  in- 
dicator cards  in  tlu>  various  engine  cylinders  which  do 
not  differ  more  than  2  to  3  per  cent  from  one  another, 
and  it  is  still  an  open  question  whether  or  not  these 
slight  discrepancies,  which  might  from  other  sources 
become  considerably  lai'ger,  warrant  the  use  of  a  sepa- 
rate pump  for  each  cylinder;  the  greater  complication 
and  expense  of  this  latter  expedient  seem  hardly  war- 
ranted for  small  and  medium  size  engines. 

There    are    a    number    of    details    which,  although 
known  from  gas  engine  practice,  have  had  to  undergo 


Fig.  21    Method  of  Governing  by  Variation  of  Capaciti-  of 
Pdmp  Chamber 


a  distinct  development  of  their  own  in  order  to  meet 
Diesel  engine  requirements,  but  instead  of  discussing 
them,  I  wish  to  point  out  a  few  general  features  of  an 
American-built  Diesel  engine.  Fig.  23  illustrates 
the  Fulton-Tosi  oil  engine,  which  in  its  general 
appearance  resembles  the  typical  moderate-speed  Die- 
sel engine  as  it  is  built  to-day  by  the  leading  European 
manufacturers.  The  main  engine  structure  consists  of 
an  individual  A-frame  for  each  cylinder,  moimted  on 
a  shallow  base  plate  of  box  section.  The  main  bear- 
ings as  well  as  the  crank  and  piston  pin  boxes  are  de- 
signed in  accordance  with  the  considerations  laid  down 
in  the  early  part  of  this  paper.  This  method  of  jour- 
naling  the  moving  parts,  together  with  the  individual 
A-frames  with  their  central  load  transmission  and  re- 
sulting freedom  from  uncontrollable  strains,  insure 
maximum  rigidity  and,  therefore,  maintenance  of  ac- 
curate fits  and  alignments.  The  upper  part  of  these 
A-frames  foi-ms  the  cylinder  jacket  into  which  the 
cylinder  proper  is  inserted  in  the  form  of  a  liner,  held 
at  the  top  by  means  of  the  cylinder  head  and  fi'ee  to 
expand  longitudinally.  Owing  to  the  unifonn  cooling 
wliich  insures  the  maintenance  of  a  true  cylindrical 
liner  the  piston  can  be  made  exceptionally  long,  thus 
reducing  the  unit  side  pressure  due  to  the  connecting 
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I'od  thrust  to  a  figure  wliicli  iusures  minimum  wear.  Tlie 
nicety  witli  which  this  very  important  requirement  can 
be  met  on  vertical  engines  is  another  reason  for  their 
unsurpassed  success;  it  is  today  not  at  all  unusual  to 
find  such  engines  in  which  the  pistons,  after  five  and 
more  years  of  hard  service,  are  still  fitting  their  cylin- 
ders perfectly.  Pig.  23  shows  one  of  these  engines  of 
150  h.p.  on  the  testing  floor. 

After  all  these  foregoing  considerations  have  been 
duly  taken  into  accoiint,  it  is  proper  to  state  that  an- 
other most  important  requirement  is  an  equipment  in 
the  machine-shop  that  will  enable  the  observation  of 
painstaking  accuracy  and  fits  wliicli  on  many  pails 
must  not  varj'  more  tlian  a  few  ten-thousandths  of  an 
inch.  In  the  early  history  of  its  commercial  develop- 
ment it  occurred  several  times  that  leading  concerns 
could  not  "  make  a  go  "  of  the  Diesel  engine,  although 
they  had  used  designs  which  had  proven  their  success 
where  first  brought  into  existence,  and  as  a  conse- 
quence the  manufacture  was  repeatedly  dropped  as  un- 
profitable only  to  be  taken  up  again  later  on.      In  the 


I  iG.  23    View  of  a  150  H.  P.  Fulton-Tosi  Diesel  Oil  Engine 
ON  THE  Testing  Floor 

meantime  it  had  been  proven  that  it  was  mostly  lack 
of  appreciation  of  the  accuracy  of  workmansliip  re- 
quired that  had  caused  these  early  negative  results. 
Both  the  tools  and  the  measuring  facilities  were  gen- 
erally inadequate,  especially  the  latter,  the  limit  sys- 
tem of  measurements  being  at  that  time  very  little 
understood;  accurate  work  and  proper  fits  depended 
in  a  great  many  shops  entirely  on  the  experience  of 
the  machinist  who  iisualh'  had  to  make  all  those  parts 
that  went  together.  Fortunately  the  advantages  of 
interchangeability  in  the  manufacture  of  machinery 
have  been  early  recognized  here  and  at  least  the  leading 
American  shops  should  today  be  able  to  approach  the 
manufactui'e  of  Diesel  engines  with  a  clear  luiderstand- 
ing  of  the  essential  methods  to  be  followed. 


It  is  hardly  necessary  to  emphasize  the  fact  that  a 
considerable  amount  of  preparatoiy  work,  both  in  the 
form  of  elfort  and  capital,  is  involved  before  the  manu- 
facture of  Diesel  engines  can  be  carried  out  on  a  com- 
mercial basis,  which  alone  will  make  it  possible  to  real- 
ize any  returns  from  the  entei-prise.  The  immediate 
question  then  is  will  the  commercial  possibilities  war- 
rant such  an  investment,  and  to  answer  this,  we  must 
first  compare  the  Die.sel  engine  with  the  other  existing 
forms  of  prime  movers.  A  good  idea  as  to  their  relative 
economies  may  be  had  from  Pig.  26,  which  is  based  upon 
representative  test  results  on  engines  ranging  from 
about  150  b.h.p.  to  about  600  b.h.p.  capacity.  Non- 
condensing  steam  engines,  for  instance,  show  a  heat 
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Fig.   24     Diagram   showing  Relative   Economies   or  Steam 
Engines,  Gas  Engines  and  Diesel  Engines 

consumption  per  b.h.p.  vaiying  from  39,700  B.t.u.  on 
the  smaller  sizes  down  to  about  27,800  B.t.u.  on  larger 
units.  These  test  results  are,  however,  seldom  if  ever 
realized  in  actual  practice,  by  far  the  large  majority 
of  steam  plants,  both  condensing  and  non-condensing, 
as  well  as  the  producer  plants,  showing  considerably 
higher  consumptions  under  actual  running  conditions. 
While  this  applies  to  a  lesser  degree  even  to  gas  en- 
gines, this  influence  is  entirely  eliminated  in  the  Diesel 
engine,  and  it  is  a  matter  of  common  knowledge  today 
that  its  superior  economy  is  maintained  practically  un- 
impaired in  continued  operation.  If  to  this  is  added 
the  fact  that  these  engines  require  considerably  less 
labor  than  either  a  steam  or  producer  plant,  it  becomes 
apparent  at  once,  that  for  the  same  operating  condi- 
tions, both  the  first  cost  of  the  Diesel  plant  itself  and 
the  cost  of  the  fuel  used  therein  may  be  considerably 
higher  than  the  corresponding  figures  for  a  steam  and 
even  producer  plant  of  the  same  size.  Just  how  much 
these  differences  may  be  depends,  of  course,  on  local 
conditions,  such  as  cost  of  fuel,  load  factor,  utilization 
of  exhaust  heat,  etc. 
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This  much  is  cei-tain,  however,  tliat  with  very  few 
exclusive  cases,  the  Diesel  engine  is  the  coming  prime 
mover  for  the  whole  South  and  Southwest.  This  vast 
section  of  the  United  States  enjoys  the  advantage  of 
having  tremendous  oil  fields  in  such  close  proximity 
that  an  abundance  of  liquid  fuels  are  available  at  a 
cost  which  compares  favorably  w-ith  that  of  coal. 
Based  upon  prices  prevailing  today,  the  cost  of 
1,000,000  B.t.u.  bought  in  the  form  of  liquid  fuel 
ranges  fi'om  15  to  20  cents,  while  in  tlie  case  of  coal 
the  corresponding  figures  will  vary  from  15  to  23  cents. 
From  a  monetary  standpoint  tlie  two  fuels  are,  there- 
fore, approximately  on  a  par,  this  proving  that  under 
present  conditions  the  cost  of  one  is  regulated  by  that 
of  tlie  otlier. 

In  tliis  connection  it  is  interesting  to  note  that  in 
Germany,  where  during  tlie  last  six  years  Diesel  en- 
gines to  an  aggregate  horse-powei-  of  over  500,000  have 
been  built  and  installed,  the  cost  of  1,000,000  B.t.u. 
bought  in  tlie  form  of  gas  or  fuel  oil  ranges  from  59 
to  89  cents,  as  compared  to  fi'om  ll'  to  2()  cents  in  the 
form  of  coal.  While  the  smaller  Diesel  engines  can 
today  still  be  operated  ecimomically  under  such  ad- 
verse conditions,  a  cheaper  fuel  in  the  form  of  tar  oil 
is  resorted  to  in  the  case  of  larger  installations,  which 
makes  it  possible  to  obtain  1,000.000  B.t.u.  at  a  cost  of 
from  27  to  40  cents,  which  is  still  considerably  higher 
than  coal.  Nevertheless,  the  Diesel  engine,  by  virtue 
of  its  superior  economy,  easily  meets  the  competition 
of  the  steam  power  plants,  except  in  very  large  units, 
or  such  cases,  of  course,  where  the  exhaust  steam  can 
be  profitably  utilized  for  heating  pui-poses.  This  is 
all  the  more  significant  in  view  of  the  fact  that  even 
comparatively  small  Gennan  .steam  plants  are  equipped 
with  sujiei-heaters  and  operated  under  high  pressures, 
■which  materially  reduces  tlie  coal  consumption  as  com- 
pared to  the  average  American  steam  plant  of  the  same 
■capacity. 

This  comparison  furthermore  brings  out  the  fact 
that  conditions  for  tlie  operation  of  Diesel  engines  are 


far  less  favorable  in  Germany,  where  this  type  of 
prime  mover  is  today  holding  almost  uncontested  sway, 
than  in  even  less  advantageous  sections  of  the  United 
States  than  the  South  and  Southwest.  The  huudi-eds 
of  oil-fired  steam  plants  in  this  latter  part  of  the  covm- 
try  are  bound  to  rapidly  disappear.  Present  econom- 
ical conditions  imperatively  demand  conservation  of 
national  wealth,  be  that  in  the  form  of  natural  re- 
sources or  human  efforts.  That  the  Diesel  engine 
means  a  tremendous  factor  in  this  problem  of  econom- 
ics could  not  be  better  expressed  than  by  the  fact  that 
it  enables  tiie  production  of  a  barrel  of  flour  at  from 
11/2  to  1%  wilts  for  fuel  oil,  compared  to  8  and  10 
cents,  and  even  more,  for  steam ;  or  the  pumping  of 
water  at  from  7  to  9  gal.  of  fuel  oil  per  100  water  horse- 
power again.st  50  to  60  gal.  for  steam  plants.  Similar 
remarkable  results  are  obtainable  in  the  operation  of 
ice  and  electric  power  plants. 

Provided  due  consideration  is  given  by  the  manufact- 
urers and  engineers  to  the  particular  problems  in- 
volved in  the  construction  of  this  prime  mover,  and  the 
matter  is  earnestly  studied  along  such  lines  as  laid  down 
in  the  foregoing,  American  engineers  will  soon  learn  to 
discriminate  between  reliable  and  questionable  features 
of  design  and  construction.  Moreover,  they  will  begin 
to  realize  that  price  is  not  the  first  consideration  in  the 
purchase  of  oil  engines ;  the  lower  cost  of  an  engine 
which  is  inferior  in  regard  to  details  of  construction 
can  never  compensate  for  the  resulting  shut-downs  and 
repairs.  This  is  a  i)oint  of  far  more  than  individual 
importance,  since  the  failure  of  one  installation  due  to 
cheap  and  luisuitable  design  will  seldom  be  traced  to 
its  source.  Much  more  frequently  the  opposite  oc- 
cui-s  and  the  wliole  class  of  similar  prime  movers  is 
condemned.  It  would  be  deplorable  if  mau,y  such  cases 
should  have  to  be  recorded  after  the  Diesel  engine  has 
made  such  remarkable  progress  in  other  countries, 
since  the  public  at  large  would  thereby  be  deprived  of 
one  of  the  most  remarkable  products  of  modern  tech- 
nical development. 
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BY  WILLIAM  KENT,  NEW  YORK  CITY 
Member  of  the  Society 


THE  recent  publication  by  tbe  United  States  Bureau 
of  Mines  in  Bulletin  No.  22  of  over  3000  analyses 
and  results  of  calorimetric  examinations  of  American 
coals  oilers  the  best  opportunity  that  has  ever  been  had 
for  a  study  of  the  long-mooted  questions  of  the  classifi- 
cations of  coals  and  of  the  relation  of  their  chemical 
composition  to  their  heating  value. 

The  writer  has  made  an  attempt  at  such  a.  study 
and  gives  the  principal  results  of  it  herewith,  although 
they  are  by  no  means  complete.  It  was  not  possible  in 
the  limited  time  at  his  disposal  to  take  all  the  analyses 
of  heating  values  and  compare  them,  but  instead  he 


fixed  carbon  was  omitted  in  order  to  save  space.  Re- 
ferred to  combustible  it  is  100  per  cent  minus  the  vola- 
tile matter  of  the  combustible,  and  referred  to  coal  as 
received  it  is  100  per  cent  minus  the  sum  of  moisture 
ash  and  volatile  matter. 

The  actual  analyses,  both  proximate  and  ultimate, 
were  made  on  air-dried  coal,  tbe  surface  moisture  hav- 
ing been  first  removed.  The  results  as  given  in  the 
bulletin  are  calculated  to  three  different  bases:  (1)  as 
received,  (2)  dry  coal,  (3)  ash  and  moisture  free  (com- 
monly called  combustible)  ;  and  in  many  cases  to  a 
fourth  basis,  ash,  moisture  and  sulphur-free.     For  the 
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Fig.  1    Relation  of  Heating  Value  to  Percentage  of  Volatile  Matter  in  the  Combustible 


has  made  a  selection  of  155  analyses  of  coals  from  dif- 
ferent states,  showing  practically  the  extreme  range  of 
composition  of  heating  value  of  tlie  coals  of  each  of 
these  states,  whenever  a  siifficient  number  of  coals  of 
such  states  are  given  in  the  bulletin.  The  most  impor- 
tant items  of  the  ultimate  and  proximate  analyses  were 
tabulated,  viz.,  the  S,  H,  C,  0,  and  N  of  the  ultimate 
analysis  as  referred  to  the  combustible  (coal  free  of 
moisture  and  ash),  also  the  volatile  matter,  the  mois- 
ture and  the  ash  of  the  proximate  analysis,  the  moisture 
and  ash  being  referred  to  the  coal  as  received,  and  the 
volatile  matter  being  referred  to  the  combustible.^    The 


1  See  Table  1. 

Presented  at  the  Spring  Meeting,  at  St.  Paul-Minneapolis,  1914, 
of  The  American  Society  of  Mechanical  Engineers. 


purpose  of  comparison,  liowever,  other  information  was 
desired,  such  as  the  B.t.u.  per  lb.  of  coal  air-dry,  ash- 
free,  and  air-dry,  ash  and  sulphur-free,  not  contained 
in  the  bulletin.  The  writer  has  calculated  and  tabu- 
lated these  omitted  items,  but  it  sliould  be  stated  that 
the  figures  which  he  obtained  relating  to  B.t.u.  calcu- 
lated to  the  sulphur-free  basis,  are  probably  too  high 
in  man}'  cases  of  high  sulphur  coals,  as  will  be  shown 
later. 

Having  thus  tabulated  the  results,  the  questions  to 
be  solved  are  (1)  how  shall  the  coals  be  classified;  (2) 
what  relation  does  the  heating  value  of  the  coals  bear 
to  the  chemical  composition. 

The  earliest  published  classification  of  American 
coals  is  tliat  of  Persifor  Frazer,  Jr.,  in  1874   (Trans. 
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TABLE  1     CLASSIFICATION  OF  COALS 
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Volatile  Matter 
Per  Cent  of 
Combustible 

Oxygen  in 

Combustible 
Per  Cent 

Moisture  in  Air 

Dry  Coal  Free  from 

Ash  Per  Cent 

B.t.u  per  Lb. 
Combustible 

B.t.u.  per  Lb. 

Coal  Air  Dry 

Ash  Free 

less  than  10 
10  to  15 
15  to  30 
45  to  60 
30  to  45 
32  to  50 
32  to  50 
27  to  60 

1  to     4 
1  to     5 
1  to     6 
5  to     8 

5  to  14 

6  to  14 

7  to  14 
10  to  33 

less  than  1.8 

less  than  1.8 

less  than  1.8 

less  than  18 

1  to     4 

2  5  to  6.5 

5  to  12 

7  to  26 

14,800  to  15,400 
15,400  to  15,500 
15,400  to  16,050 
15,700  to  16,200 
14,800  to  15,600 
13,800  to  15,100 
12,400  to  14,600 
9,600  to  13,250 

14,600  to  15.400 
15,200  to  1.5,500 
15,300  to  16.000 
15,500  to  16.050 
14,350  to  15,500 
13,400  to  14.400 
11,300  to  13.400 
7,400  to  11,650 

II     Semi-anthracite 

IV     Cannel* 

VI     Bituminous,  medium  grade 

VTT       RitiiTTiinmia,    low   jrraf^A 

VIII     Sub-bituminous  and  lignite 

*  Eastern  cannel.     The  Utah  cannel  is  much  lower  in  heating  value. 

A.I.M.E.).  He  divided  the  coals  into  anthracite,  semi- 
anthracite,  semi-bituminous  and  bituminous,  and  he 
used  what  he  called  the  "  fuel-ratio  "  or  the  ratio  of 
fixed  carbon  to  the  volatile  matter  in  the  combustible, 
as  the  basis  of  subdivision  between  the  several  classes. 
The  names  he  used  are  still  retained,  although  the  fig- 
ures of  fuel-ratio  which  he  gave  are  no  longer  accepted 
as  marking  the  divisions  into  classes,  but  the  bitumi- 
nous coals  have  been  divided  into  two  or  more  classes, 
as  bituminous  and  lignite,  and  the  lignites  have  been 
recently  subdivided  by  the  U.  S.  Geological  Survey  and 
the  Bureau  of  Mines  into  sub-bituminous  and  lignite. 

Fi-azer"s  method  of  using  the  ratio  of  one  constituent 
to  another,  or  of  one  to  the  sum  of  two  others,  has  been 
followed  by  several  writers,  such  as  David  Wliite," 
C 


who  uses  the  ratio 


in  which  C,  0  and  A  are  re- 


0+A 

spectively  the  carbon,  oxygen  and  ash  in  the  diy  coal. 
The  expression  of  the  relation  of  two  elements  as  a 
ratio  is  not  as  convenient  for  the  purpose  in  view  as  the 
exjiression  of  the  same  relation  as  a  percentage,  or  the 
ratio  of  one  of  the  two  elements  to  the  sum  of  the  two. 
Thus  bv  Frazer's  method  two  coals  liaving  fuel  ratios 


differing  as  widely  as 


97 


32.3  and  - 


92 


11.5  are 


both  anthracites,  the  first  having  3  per  cent  and  the 
second  8  per  cent  of  volatile  matter  in  the  combustible, 
while  two  other  coals,  also  differing  .">  per  cent,  viz.. 
one  with  48  and  the  other  .53  per  cent  of  volatile 
matter  in  the  combu.stible,  have  fuel  ratios  that  differ 

but  little,  or  ||  =  1.08  and  y^  ^  0.90.    :\Ir.  White  plots 

the  B.t.u.  per  lb.  dry  coal  as  ordinates  and  the  ratio 

C 

as  abscissae,  and  obtains  a  curve  that  begins  in 

a  nearly  vertical  direction,  Avhere  with  coal  veiy  high 

in  oxygen  and  ash  the  ratio  is  less  than  1,  and  ends  in 

a  direction  that  is  nearly  horizontal,  becoming  actually 

C 
horizontal  when  7,  ,    .    =  0  and  the  ratio  becomes  m- 
0+A 

finity,  while  if  he  had  plotted  the  B.t.u.  against  the 


ratio  pi/-)  I  A  ,  which  may  be  expressed  as  a  percent- 
age, the  cui've  would  have  become  an  inclined  straight 
line. 

In  1892  the  writer  published  in  Mineral  Industry 
the  results  of  a  study  of  Mahler's  researches  on  Euro- 
pean coals,  in  which  by  means  of  plotting  the  B.t.u. 
against  the  percentage  of  fixed  carbon  in  the  combusti- 
ble and  drawing  a  curve  through  the  plotted  points, 
he  showed  that  the  B.t.u.  per  pound  of  combustible  of 
the  coal  tested  by  Mahler  was  related  to  the  pei-centage 
of  volatile  matter  in  the  combustible.  Messrs.  Lord 
and  Haas  published  later  the  results  of  their  tests  of 
Pennsylvania,  Virginia,  and  Ohio  coals  and  stated  that 
they  had  found  no  such  relation,  but  on  the  contrary 
that  the  combustible  portion  of  coals  of  certain  dis- 
tricts had  remarkably  uniform  heating  values,  which 
were  independent  of  the  percentage  of  volatile  matter. 
In  a  discussion  of  Lord  and  Haas's  paper"  the  writer 
plotted  tlieir  results  and  compared  them  with  the  curve 
derived  from  Mahler's  tests,  and  showed  that  the  Poca- 
hontas coals  fell  on  the  Mahler  curve,  and  that  the 
tests  of  Pennsylvania  and  Ohio  coals  having  about  45 
per  cent  of  volatile  matter  fell  within  the  Mahler  field, 
showing  a  variation  of  3  or  4  per  cent  as  maximum 
from  the  curve,  but  that  as  Lord  and  Haas  said,  each 
coal  district  had  a  law  of  its  own,  and  that  two  Ohio 
coals  from  different  districts  in  the  same  state  each 
with  the  same  percentage  of  volatile  matter  in  the  com- 
bustible might  vary  6  or  8  per  cent  in  heating  value 
per  pound  of  combustible. 

In  studying  the  155  coals,  the  writer  first  plotted  the 
B.t.u.  per  lb.  combustible  with  the  results  which  are 
shown  graphically  in  Fig.  1.  This  plotting  shows  that 
all  the  coals  of  the  Appalachian  field  come  close  to  the 
original  curve  drawn  from  Mahler's  tests  of  European 
coals,  when  the  volatile  matter  in  the  combustible  is  35 
per  cent  or  less.  For  coals  higher  in  volatile  matter, 
and  for  Western  coals  generally,  the  heating  value 
varies  over  a  wide  range  and  appears  to  have  no  rela- 
tion to  the  volatile  matter,  but  each  district  has  a  law 


=  V.   S.    Oeol.    Survey.    Bulletin    3S2.    1909.     The    Effect   of    Oxygen 
in  Coal.      David  White. 


'  Trans.  A.  I.  M.  E..  Vol.  27,  p.  94fi. 


43S 


CLASSIFICATION     OF     AMERICAN     COALS,     WiM.     KENT 


of  its  own.  The  Illinois  coals  are  all  ioiind  w  ithiu  the 
small  area  shown  by  dotted  lines.  Perhaps  the  most 
important  conclusion  from  Fig.  1  is  that  all  the  semi- 
bituminous  coals  of  the  Eastern  States,  and  those  from 
the  Western  States  and  Ala,ska,  with  a  very  few  excep- 
tions, have  a  heating  value  per  pound  of  combustible 
that  is  very  close  to  15,750  B.t.u.  With  bituminous 
coals  and  lignite  containing  over  36  per  cent  of  volatile 
matter  in  the  combustible  there  appears  to  be  no  law 


connecting  the  heating  value  with  the  percentage  of 
volatile  matter,  and  the  plotting  is  not  continued  be- 
yond 44  per  cent. 

As  many  of  the  coals  high  in  volatile  matter  are  also 
high  in  sulphur,  it  was  attempted  to  find  if  high  sul- 
phur was  the  cause  of  some  of  the  variation  of  the  heat- 
ing value,  but  the  results  are  negative.  When  the  heat- 
ing value  per  pound  of  combustible  is  converted  for 
sulphur   by   the    usual   method,    by   subtracting   4050 


TABLE  2      CLASSIFIED  LIST  OF  COALS 


Combusliblf 

Air-drj' 

B.t.u.  Greater  (-1-)  or  Less  (-)  than  Estimated  by 

Order  in 

Ash-free 

Combustible 

Air-dr>'  Ash-free 

Dry  Coal 

Table   1 

Vol. 

.S                     O. 

B.t.u. 

Moist              B.t.u. 

j 
Dulong          Mahler 
Formula         Curve 

F.  C.         Moisture 
Curve          Formula 

C 

I .     Anthracite 


Alaska 

4 

8  8 

0  73 

4.04 

15.203 

1  55 

14,968 

-     50 

-     76 

-  263 

+     87 

-   172 

Colo 

....    5.... 

3  6 

0.87 

1.32 

15.413 

1.08 

15.247 

-    164 

+  373 

+  305 

-   183 

-  756 

Pa 

....    7. . . . 

13 

1.00 

2.13 

14.882 

1  43 

14.666 

+   127 

+  172 

-  243 

-1102 

Pa 

....   8.... 

3  7 

0  68 

2  41 

15.248 

0.83 

15.123 

-      75    ' 

+  208 

+  193 

-  693 

Wash 

....    5.. .. 

8  5 

0  72 

2.67 

15.410 

0.80 

15.367 

-       6 

+     20 

-1-     93 

-  385 

-  453 

II.     Semi-Anthracite 

Ark 

.    1 

14  8 

2 

Pa 

.11... 

10  0 

0 

Va 

.   3   .. 

13.1 

0 

III.     Semi-BituminouB 


33 

0.74 
0.82 


2  57 
2  17 
4.18 


15.496 
15,457 
15,500 


1.45 
0.91 
0.90 


15,272 
15,398 
15,439 


-  21 

-  193 

-  46 


-  176 

-  23 

-  160 


-  61 
+     15 

-  95 


274 
233 


IV.     Cannel 


Ky 

Ky. 
W.  Va. 
Utah... 


55.5 
57  0 
47.4 
67.6 


1.38 
1.15 
0.92 
2.32 


7.57 

7.61 

5.34 

13.68 


15.800 
16.013 
16.176 
14.918 


0.92 
1.44 
0.84 
8.26 


15.646 

15.784 
16.042 
13.686 


-  153 

-  91 

-  284 
-t-  172 


-1-3046 
+3439 
-(-2212 
-1-4974 


+  198 
+  686 
-1-  433 
+  618 


-  380 

-  457 

-  58 


Ala 

Ala 

....    1.... 
2 

28.8 
27.9 
15.6 
16.7 
17.0 
20.7 
23.8 
25.8 
19.4 
16.  S 
16.0 
19.7 
17.5 
18.3 
21.7 
15.7 
19.0 
24  8 
25.0 
19.5 
17  3 
17.2 
19  0 
17.5 
16.3 
25.3 
23.3 
21.8 
19.9 
16.5 
18.1 

0.59 
1.58 
1.29 
3.16 
3.57 
1.47 
0.58 
0.72 
1.55 
1.13 
1.02 
0.94 
0.98 
0.96 
1.15 
1  36 
1.87 
1.81 
1.50 
1.73 
1  63 
5.09 
0.68 
0.68 
0.48 
0.86 
0.61 
1.27 
0.60 
0.79 
0.86 

4.45 
3.42 
3.02 
1.69 
1.25 
4.27 
4.34 
2.29 
5.96 
2.81 
2.54 
3.01 
2.47 
2.93 
2.87 
1.87 
3.32 
5.50 
3.72 
1.99 
2.82 
1.66 

3  42 
2.23 
3.97 

4  13 
1.68 
5.52 
2.80 
4.56 
1.97 

15,757 
15,620 
15,651 
15,624 
15,530 
15,602 
15.849 
15.939 
15.653 
15.710 
15,640 
15,826 
15,856 
15,721 
16,586 
15,728 
15.840 
15,376 
15.660 
15.683 
15.847 
15.493 
15.840 
15.910 
15.264 
15.399 
15,736 
15,781 
16,038 
15.820 
15.919 

1.15 
0.94 
0.60 
0.86 
0.92 
1.34 
0.83 
1.43 
0.74 
0.90 
1.10 
0.80 
0.66 
0  61 
0.53 
0.70 
0  99 
0.40 
0.86 
1.50 
0.65 
0.76 
0..54 
0.64 
1.67 
1.18 
0.90 
0.81 
0.69 
0.65 
0  73 

15.577 
15.475 
15,559 
15.525 
15.387 
15.393 
15.716 
15.712 
15.540 
15.577 
15,478 
15.699 
15.746 
15.625 
15,504 
15.619 
15.680 
15.316 
15.523 
15.624 
15,744 
15,378 
15,750 
15.795 
15.013 
15.218 
15.597 
15,655 
15,998 
15.804 
15.802 

-  65 

-  309 
+     13 

-  176 
+       1 
-1-  225 
+  195 

-  295 
+  487 

-  81 

-  189 

-  65 

-  61 
+     49 

-  2 

-  287 
+     85 
+  110 

-  203 

-  411 
+   149 

-  95 
+       9 

-  236 

-  209 

-  370 

-  674 
-i-  546 
-1-   178 
-1-  255 

-  145 

-1-  137 

-  40 

-  109 

-  386 

-  270 

-  238 
-1-     49 
+  199 

-  177 

-  90 

-  140 

-  14 
-1-     30 

-  99 

-  244 

-  52 
+     10 

-  394 

-  110 

-  157 
+     47 

-  307 
+     10 
-1-  100 

-  516 

-  371 

-  84 

-  49 
+  208 
-i-     40 
+     99 

-  15 

-  147 
+       9 

-  61 

-  213 

-  288 
+     20 
+     80 

-  110 

-  6 

-  102 

-  41 
+  145 
+       1 

-  176 
+     63 
+    38 

-  373 

-  160 

-  22 
-t-   140 

-  226 
+   110 
-1-   157 

-  588 

-  458 

-  103 

-  29 
-1-  270 
-1-   134 
-1-  178 

+  165 
+     23 

-  208 

-  21 
+  216 
+  249 
+     55 
+  443 

-  87 
+     38 
-1-     72 
+  163 
+     28 

-  170 

-  339 

-  56 
+  300 

-  557 
-1-     20 
+  643 
-1-     65 
+  217 

-  131 

-  6 
+      14 

-  314 
+     55 
-t-     59 
+  166 

-  68 
+  100 

+  99 
-  178 

Alaska 

Ark 

Ark 

Ark             

....  3.... 
....   2.... 
....   5.... 
6 

-  238 

-  386 

-  531 
+     2J 

Colo         

7 

-1-  212 

....   8.... 

-     22 

Ga 

Md              

....   1.... 

1 

+  345 
-  147 

Md         

2 

-  284 

Md     

....  3.... 

-     53 

Md               

4 

-  100 

Mont 

Okla       

....  9.... 
2 

-  149 

-  260 

Okla 

3 

-  287 

Pa 

Pa            

....   2.... 
3 

+  34 
-     28 

Pa      

4 

-     81 

Pa 

....   6... 

-  308 

Pa        

9 ..  .  . 

-     59 

Pa           

.  .  .  . 10. . .  . 

-  454 

Va 

....    4. .  . 

0 

Va                      

5.  .  . 

-  179 

Wash 

W.  Va 

....    6. . .. 
2 

-  251 

-  306 

W    Va 

3. .  .  - 

-  348 

W.  Va 

W.  Va 

....   4.. . . 

+  304 
+     95 

W.  Va 

W.  Va 

....    8-    -. 
10. .  . 

-1-  188 
+   149 

+  771 
+  967 
+  674 
+1683 


H  in  combuBtible:  Ky     2.  7.13:  Ky.  3.  7.46;  W.  Va.   1.  7.13:  Utah.  1..  7.7.1.     The  highest  H.  in  the  other  eoals  is  6.78.  Mo.  6. 
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TABLE  2      CLASSIFIED  LIST  OF  COALS 


Order  in 
Table  1 

Combustible 

Air-dry 

B.t.u.  GreaUr  (+) 

or  Lesa  ( — 

than  Estimated  by 

Aah-free 

Combustible 

Air-dr,v 

Ash-free 

Dry  Coal 

Vol. 

S                     0. 

B.t.u. 

Moiat 

B.t.u. 

Dulong    '     Mahler 
Formula         Curve 

F.  C. 
Curve 

Moisture 
Formula 

C 
C+O+A 

V.    Bitunijnons,  High-Grade 


Ala 

3. .    . 

Ala                        ^... 

..     4 

Colo           

....  4 . . . . 

6 

Ill             

6   . .  . 

Kan 

Kan 

Kv 

....  2.... 
....  i.... 
4 

N.  Mex 

N.  Mex 

Ohio 

....    1.... 

2 

1 

Ohio  

4 

5 

Okla     

5 

Okla  

6 

Pa 

1 

Pa    

S. . . . 

1 

Tenn 

2 

3 

Va                  ... 

1 

Va 

2.  .  . 

Va 

6 

Wash 

W.  Va 

....   3... 

S 

W   Va 

.    .      6 

W.  Va 

9 

....   8.... 

33.4 
35.3 
31.3 
33  7 
40,0 
39.8 
39  5 
35  3 

41  5 
34,4 
45  5 

42  9 
42.8 
35. S 
40.8 

38  3 
32,4 
38.4 
33.8 

39  8 
38.3 
40.2 
35.3 
44.0 
44.3 

40  0 
36.4 
39  3 


1.13 
1.07 
0.72 
0.56 

2  82 
6.68 

4  93 
0  58 

0  74 
0.96 
4.58 

3  97 
3.66 
7.36 
2.06 
1.38 
1.00 
1.17 
0.95 

5  73 

1  32 
0.85 
0.97 
5  23 
3  86 
0.72 
0  73 
0.99 


6  99 

7.00 
9  3S 
S  77 
9.74 

5  26 
7.27 

8  05 
8.79 

6  93 
8.10 
7,04 

9  01 
3,71 
7.35 
6.94 

7  35 
7.94 
6  70 
5  14 
8.01 

12.18 
5  65 

13.93 
7.06 

10  10 
5  U 

11.40 


15.590 
15.214 
14,681 
15.559 
14,818 
15.167 
14,809 
15.328 
14.875 
1.5.221 
14.888 
14.965 
14,832 
15,025 
15,061 
15.345 
15,511 
1 4.960 
15,320 
15,125 
15,156 
14,918 
15.291 
14,796 
15,291 
15,107 
15,448 
14.848 


1.23 

1.77 
1.01 

0  87 
2  34 
2.86 
2  49 
1.64 
1,64 
0,80 
1.75 
2  38 
3.83 
1.38 
1.57 
1.42 
1.07 
1.97 

1  08 
1  32 
1,79 
2.52 
1  49 
1.55 
1.58 
2,11 
1  36 
2.13 


15,400 
14.947 
14.533 
15,423 
14,470 
14,734 
14,436 
15,095 
14.630 
15,099 
14,626 
14,642 
14,431 
14.814 
14.825 
15.127 
15,346 
14,665 
15,137 
14,921 
14.,S87 
14,381 
15,069 
14.569 
15.048 
14,787 
15,237 
14.552 


+  564 

-  m 

+  1 
+  489 
+  434 
+  69 
+  28 
+  255 

-  145 

-  258 
+  186 

-  12 
+  480 

-  299 
+  43 
+  132 
+  509 

-  183 

-  290 
+  11 
+  142 
+  842 

-  344 
+  9 
+  167 
+  555 
+  217 
+  539 


+  170 

-  76 

-  849 

+  189 
+  58 
+  22 
+  38 
+  38 
+  375 

-  139 

+  725 
+  572 

-  185 
+  461 
+  445 
+  31 
+  60 

-  40 
+  365 
+  136 
+  1.58 
+  21 


347 

238 

52 


+ 


+ 


+ 


24 
263 

967 
54 
30 
24 
234 
131 
10 

-  228 
+  586 
+  280 
+  83 

-  412 
+  151 
+  165 

-  98 

-  248 

-  211 
+  103 

-  59 

-  233 

-  157 
+  305 
+  828 
+  41 
+  94 

-  282 


+  120 
+  87 

-  447 

-  186 
+  268 
+  908 
+  395 

9 


+  264 
+  330 
+  463 
+  450 

-  73 
+  32 

-  76 

-  35 

-  286 
4-  310 


-  26 

-  284 

+  478 

+   14 

-  148 


+  361 

-  172 

-  46 
+  633 
+  224 

-  54 
+  6 
+  313 
+  1^8 
+  148 
+  65 

-  46 
+  131 

-  182 
43 

165 


+ 
+ 


+  411 
+  43 
+  168 

-  82 
+  1.55 
+  619 

-  38 
+  778 
+  220 
+  471 
+  199 
+  417 


VI.  Bituminous,  Medium  Grade 


Ala                  

5 

Alaska « 

Cal                      

1 

2     . . 

111          

2 

Ill   

3 

Ill            

7 

Ind 

Ind 

1 

....  3... 
2     .  . 

la 

la 

3 

Kan 

1 

Kan 

3.  ,  , 

Ky 

Ky 

....    1    ... 

1 

Mich      

2 

Mo 

1. .  .  . 

Mo 

3 

Mo     

. . . .    4. , .  . 

Mo 

5 

Mo       •. , . . 

...   6 

Mont 

5 

8 

N.  Mex 

3 

2      .  . 

Ohio 

Okla 

Utah 

Utah 

Wash 

Wyo 

..        3        , 

4    ... 

....    1... 

2 

1    .  . 

9 

37.7 

1  37 

44.2 

1  83 

53.8 

4.80 

41.4 

1  36 

37.4 

1.14 

39  3 

3.10 

40  9 

2.88 

47  3 

6.60 

51.2 

8.53 

40  6 

6  64 

44   2 

9  94 

39  S 

5  22 

44,0 

4.29 

43  5 

5  64 

38  8 

1.53 

37   1 

1.11 

44.8 

5  16 

44,6 

4.96 

50  8 

6  33 

45,3 

9.45 

50,2 

6  21 

34  3 

4  86 

39.6 

0.60 

44.3 

0,68 

37  8 

0  63 

47.7 

5,74 

41.7 

2  31 

45  6 

0.60 

47.2 

0  62 

41   8 

0  57 

39  6 

0.84 

10,45 

14  11 

11.47 

12,02 

8,46 

9.03 

9,50 

9.96 

8.96 

8  03 

5  64 

5,98 

8,90 

7  46 

9,54 

10  51 

9,53 

11,83 

7  73 


12  70 
11,58 
9,44 
9  26 
13,30 
10  93 
12  38 
9  25 


14,467 
13,838 
14,336 
14,492 
14,621 
14.724 
14.492 
14,30a 
14,200 
14,5.55 
14.724 
14,922 
14.657 
14,836 
14,999 
14.603 
14,351 
13.892 
14,679 
14,476 
15,134 
14.134 
14.681 
14,539 
14,269 
14,332 
14,711 
14,245 
14,764 
14.348 
14,793 


2.69 
2.55 
5.19 
5.15 
6.02 
3,71 
5.48 
5,01 
5,35 
6.24 
4  09 
4.30 


6  52 
2.98 
4.70 
5  59 
4.65 
3  42 
3.69 
83 


42 
30 
06 
69 
30 
4  31 
4  98 
2,47 
3  26 
2.73 


14,078 
13.484 
13,593 
13,745 
13,742 
14,177 
13,698 
13,576 
13,445 
13,647 
14,121 
14,269 
13,702 
14,394 
13,818 
13,786 
13,682 
13,416 
14,136 
13,921 
14,276 
13,791 
14,342 
14,093 
14,152 
13.523 
14,075 
13,536 
14,399 
13.879 
14.391 


+  187 

-  673 

-  13 
+  477 

-  164 
+  160 

-  58 
+  169 
+  104 
+  194 

-  12 

-  163 
+  137 
+  592 

-  234 
+  118 
_  2 
+  165 


1.58 

66 

10 

188 

450 

19 

40 

25 

+  287 

+  190 

+  142 

+  100 


+ 


553 


+  392 

-  499 

-  176 

-  108 


-  ,105 

+  49 


736 
401 
517 


-1226 

-  79 

-  751 
-1000 


+  32 


-  858 

-  661 
-HI  023 

-  589 
-1016 

-  ,521 

-  678 
+  76 
+  515 

-  701 
+  81 

-  .333 

-  143 
+   174 

-  880 
-1017 

-  208 

-  624 
-1-1026 
+  31 
-1-1241 
-I-  779 

-  428 
-I-  143 

-  651 
-t-  128 

-  287 

-  219 
-I-  674 

-  553 

-  343 


-  430 

-  923 

-f  51 

-  179 
+  8 
+  105 
+  19 
-I-  15 
-I-  609 
-t-  540 
-I-  967 
+   600 

-  570 
+  447 

-  203 

-  52 
-I-  55 

-  651 
+  433 
+  618 
+  941 
+  414 

-  343 


-  527 

-  397 
-I-  60 

-  509 

-  244 

-  680 

-  164 


+     26 
-I-  217 


127 

245 

241 

85 

39 

37 

118 

128 

224 

151 

37 

41 

7 

156 

32 

202 

46 

229 

72 

207 

555 

404 

111 


-I-  42 
+  201 
+  269 
+  257 
0 
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TABLE  2     CLASSIFIED  LIST  OF  COALS 


Order  in 
Table  1 


Combustible 


Vol. 


S. 


B.t.u. 


Air-dry 


Ash-free 


Moist 


B.t.u. 


B.t.u.  Greater  (-H)  or  Less  (— )  than  Estimated  by 


Combustible 


Duiong 

Formula 


Mahler 
Curve 


Air-dry  Ash-free      '  Dr>'  Coal 

I 


F.C.       ;    Moisture 
Curve         Formula 


C^O-\-A 


VII.     Bituminous, 

Low  Grade 

Alaska 

Ill     

....  2.... 
1 

40.8 
46.0 
40.8 
46.2 
42.2 
44.8 
47.5 
47.3 
33.3 
44.4 
43.7 
37.5 
32.6 
42.8 
46.8 
45.9 
48.1 
38.4 
45.4 
44.0 
47.5 

0.94 
6.33 
5.55 
6.02 
1.78 
6.73 
5.69 
4.85 
12.99 
1.72 
2.00 
0.86 
2.88 
0.78 
2.38 
5.93 
1  65 
0.56 
7.27 
7.10 
0.44 

18.83 
10.53 
12.02 
10.09 
10.55 
9.69 
9.73 
10.68 
6.82 
20.44 
15.87 
16.21 
16.14 
14.00 
15.69 
10.62 

18  13 
10.05 
14.18 
17.11 

12.964 
14.263 
13.921 
14.155 
14.746 
14.089 
14.305 
14.202 
13,693 
13,338 
13,162 
13,865 
12,438 
13,939 
13.322 
13.667 
14,618 
13,118 
13,586 
13,081 
13,423 

6.42 
6.75 
6.02 

10.59 
9.60 
6  17 

11.33 
7.37 
2.37 
8.75 
6  34 
7.58 
8.09 

11.70 
7.87 
7.74 

11.88 
5  60 
9.65 

11.47 
6.56 

12,261 

13,300 

13,084 

12,657 

13.329 

13.220 

12.684 

13.156 

13.368 

12.170* 

12.324* 

12.813 

11.432 

12.309* 

12.008* 

12.609 

12.882 

12,384 

12,276 

11,374 

12,548 

-  309 
+  270 
+  263 
+     60 
+  347 

-  16 

-  114 

-  5 

-  164 
+1293 
+  .13 
+  456 

-  45 
+  120 
+     94 

-  133 
+  421 
+  723 

-  189 

-  103 
+  255 

-  40 

-  679 
+  316 

-1708 

-1155 
-3042 

-  28 

-3107 
-1782 

-  147 

-  245 
-1264 

-  708 

-  516 

-  550 

-  306 

-  164 
+  231 
+  820 
+  724 
+  588 
-1318 
+  997 
+1046 

-  856 
+    27 
+  109 
+  1114 
+  287 
+  1411 

+    23 

-  299 

-  195 
+  532 

-  477 
.+  120 

+  680 
+  149 
+     75 

-  866 
-1266 

-  356 
-1674 

-  107 

-  699 

-  233 
+  605 
-1522 
-r     35 

-  108 
-1134 

-  176 
+    79 

Ill  

4 

-       3 

Ill 

5 

-  114 

Ind         

2 

+  234 

Ind     

4 

-  130 

la 

1 

-     94 

Mo         

2 

-     49 

Mont 

::::  i:::: 

-   140 

Mont 

....  2.... 
....  3.... 

+  565 
-  600 

Mont 

4 

+  486 

...     6 

-2583 

N.  Mex 

N   Mm. 

....  4.... 
5 

+  25 
-  122 

Okia 

1 

-  197 

Ore     

3 

Utah 

Utah. 

....  3.... 
4 

-  89 

-  676 

Utah 

Wash 

....  e.... 

2 

-  443 
+  111 

'  Montana  2  and  3  and  New  Mexico  4  and  5  are  classed  as  sub-bituminous  in  Bulletin  22  of  the  Bureau  of  Mines. 


VIII.     Sub-Bit uminouB  and  Lignite 


Ark 

Cal 

....   3.... 
....    1.... 
1 

52.1 
53.5 
41.4 
45.5 
41.1 
69.0 
54.1 
49.8 
56.7 
45.9 
44.0 
47.0 
40.0 
59.5 
70.9 
45.3 
49.6 
46.6 
54.6 
27.8 
44.3 
39.3 
59.9 
47.5 
43.5 
50.6 
49.4 

0.96 
4.62 
0.44 
0.51 
0.39 
1.86 
0.67 
1  16 
2.04 
0.86 
1.15 
5.52 
0.68 
1.46 
1.00 
1.61 
0.90 
4.88 
0.53 
1.09 
0.36 
0.17 
1.18 
4.04 
0.72 
2.17 
0.77 

21.17 
16.79 
16.97 
16.52 
18.00 
23.47 
26,64 

17.69 
22.67 
19.68 

18  99 

18.66 
20.54 
22.14 
22.06 
10.94 
24.35 
21.95 
23.41 
17.06 
25.54 
29.86 
33.14 

12.497 
12.890 
11.619 
13,239 
12,746 
11,900 
10,211 
11,398 
12,557 
12,101 
12,769 
11,493 
12,098 
13,043 
10,811 
12,890 
12,452 
11,264 
12,226 
12,956 
11,722 
12.683 
11,194 
12,447 
11,030 
9,630 
10,141 

22  00 
10.95 

8.21 
15.35 

8.68 
15.55 
25.02 
13.93 
26.20 
11.66 
■  10.16 

7  05 
15.77 
15.73 
23.58 
11.02 
11.82 
15.35 
17.21 

9.56 

9.75 
12.54 
24.09 
18.84 

7.55 
22.69 
14.85 

9,750 
11,478 
10,664 
10,094 
11,638 
10.143 

7.656 

9,801 

8,886 
10,885 
11,471 
10,684 
10,189 
11,077 
10,169 
11,578 
11,036 

9,535 
10,122 
11,573 
10,581 
11,093 

8,496 
10,103 
10,198 

7,458     ■ 

8,666 

+  496 

-  107 
-1397 
+  223 

-  33 
+  146 
+  162 

+  297 
+  544 

+  341 

+  452 
+  276 

-  Ill 
+  307 

-  177 
+  715 
+  847 
+  266 
+       6 
+  521 
+  492 
+  1292 

-1981 
-1854 

-2662 

-2704 
-2217 

+     75 

-  732 
-1061 

-  668 

-  87 
+1774 
-1656 

-  599 
+     61 

-  202 
+  183 
-1203 
-1123 
+1729 
+2002 
+  382 
+  428 
-1115 
+  422 
-1489 

-  706 

-  544 
+  996 

-  222 
-1327 
-2317 
-1751 

-1190 

-  754 
-2110 
-1378 
-1563 
-1365 
-3806 
-2044 
+  658 
-1517  . 
-1579 
-2473 
-1267 
-1801 
-1003 
-1908 
-2366 
-1670 
+     14 

-  127 
-1353 
-1177 

-  918 

-  317 
-3236 
-2263 
-3068 

-1960  L 
-1S87  S 
-1657  S 

2 

-  254  S 

Colo           

3 

-  476  S 

Mont 

7 

-  221  S 

10 

-2805  S 

N.  Dak 

1 

L 

N.  Dak 

N.  Dak 

Ore     

....   2.... 
....   3.... 
1 

-  528  L 

-  241  L 

-  43  S 

Ore 

2 

S 

S  Dak       

1 

L 

Tex        

1 

+  130  L 

Tei 

2 

L 

Tex 

....   3.... 

-   117  L 

Tex 

Utah 

4 

-  251  L 

-  730  B 

Wash 

4 

-  183  S 

Wyo 

Wyo 

....    1.... 
2 

-1002  S 
-  427  S 

3 

+     30S 

4 

-  448  S 

Wyo            

5 

-  622  S 

Wyo 

6 

-  906  B 

7 

-2383  S 

Wyo 

....10.... 

-  486  S 

Not  Classified 


R.  I.... 
R.  I... 
Alaska. 
Ark.... 
Idaho.. 


6.6 
6.3 

21.7 
21.0 
50.9 


0.05 

0.09 

10.76 

1.43 

4.77 


5.59 
3.27 

5.28 
G  44 


13,120 
14,002 
13,945 
14,945 
16,457 


1.26 
0.52 
4.77 
1.77 
16.42 


12,955 
13,930 
13,279 
14,722 
13,757 


-  749 

-  207 

-  287 


-2170 
-1208 
-1885 
-  895 


-2173 
-1138 
-1046 
-  13 

+  1607 


-2037 
-1237 
+  297 
+  7 
+2972 


-1410 
-1536 

-  313 

-  41 


L,  Lignite;  S,  Sub-bituminous;  B,  Bituminous;  Classification  of  the  U.  S.  Bureau  of  Mines. 

Wyoming  6.  Sample  taken  10  ft.  from  entrance,  coal  very  much  weathered;  Wyoming  7.  Surface  exposure;  Wyoming  10.  Shallow  prospect  pit.  coal  badly 
weathered. 

The  Rhode  Island  coals  are  graphited  and  are  not  used  as  fuel.  Alaska  5  and  Arkansas  4  may  be  classed  as  semi-bituminous  by  their  percentage  of  volatile 
matter,  but  they  are  higher  in  oxygen  and  in  moisture,  and  lower  in  heating  value  than  other  semi-bituminous  coals.  The  Idaho  coal  is  apparently  a  cannel  coal 
very  high  in  moisture,  but  the  ultimate  analysis  is  lacking. 
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B.t.u.  per  lb.  S,  and  dividing  by  1  minus  (%  S-^100), 
the  value  thus  found  is  often  far  higher  than  the  heat- 
ing value  per  pound  of  combustible  of  coals  of  the  same 
districts  that  are  low  in  sulphur.  In  Fig.  2  the  results 
thus  obtained  are  plotted,  the  high  value  referred  to 
being  shown  at  tlie  upper  right  hand  of  the  diagram, 
marked  '"  high  sulpliur  coals,  heating  values  fictitious." 
Lower  values  for  tliese  coals  might  be  found  if  they 
were  converted  by  the  "  unit  coal  "  method  of  Parr 
and  Wheeler  (Bulletin  37,  1909,  of  the  Illinois  Univer- 
sity Engineering  Experiment  Station)  viz. 
B.t.u.  per  pound       ^    ,. 

unit  coal  =  Indicated  dry  B.t.u.  —  5000  S 
1.00— (1.08  ash -f0.55S) 
The  next  attempt  at  relating  the  heating  value  of 
these  coals  to  their  chemical  composition  was  by  the 
method  of  David  White,  modified  by  converting  his 


ratio 


C 


0+A 


into  percentage 


C+O+A ■ 


A  straight 


line  whose  formula  is  B.t.u. 


16500 


C 


-,  may 


C-i-O-f  A  ' 

be  drawn  tlirough  the  plotted  points,  but  the  varia- 
tions of  many  of  the  points  from  the  line  indicate  that 
the  method  is  of  little  if  any  practical  value  (see  Fig. 
xj } . 

Fig.  4  shows  the  result  of  plotting  the  B.t.u.  per  lb. 
of  air-dry  coal  free  from  ash  to  the  fixed  carbon.  By 
this  method  the  coals  are  apparently  divided  into  two 
principal  classes:  (a)  high-grade  coals  including  as 
subdivisions,  anthracite,  semi-anthracite,  and  the  Ap- 
palachian and  other  good  bituminous  coals;  and  (6) 
low-grade  Western  coals  and  lignites.  The  variations 
from  the  average  lines  drawn  through  the  plotted  posi- 
tions are  in  many  cases  so  great  that  this  method  can- 
not be  eonsidei'ed  as  of  any  value. 

Fig.  5  shows  the  result  of  plotting  the  heating  value 
per  pound  of  air-dry  coal  and  ash  and  sulphur  free, 
against  the  percentage  of  moisture  in  such  coal,  for 
those  cases  in  which  the  moisture  does  not  exceed  11  per 
cent.  Tlie  results  indicate  that  this  method  may  prove 
to  be  of  considerable  importance  when  it  is  applied 
separately  to  the  coals  of  dififerent  states  or  districts, 
especially  the  bituminous  coals  of  the  Middle  West. 
The  high  position  of  the  Kansas  coals  and  of  one  of 
the  Missouri  coals  may  be  due  to  the  error  of  the  com- 
mon method  of  correcting  for  sulphur. 

After  studying  the  coals  by  the  method  of  plotting  as 
described,  Table  2  was  constructed,  in  which  a  revised 
classification -is  attempted.  The  last  five  columns  show 
the  differences  in  B.t.u.  per  lb.  between  the  B.t.u.  per 
lb.  given  and  those  that  result  from  calculation  by 
Dulong's  formula,  by  the  Mahler  curve,  or  by  the  aver- 
age lilies  of  Figs.  3,  4  and  5.  The  extent  of  these  dif- 
ferences suggests  tliat  in  some  cases  the  calorimetric 
determinations,  or  the  analyses,  or  both,  may  be  in 
error  and  indicates  the  necessity  for  thoroughly  check- 
ing the  loss  in  air-diying,  the  moisture  determinations 
of  tlie  air-dried  coal,  the  analyses,  proximate  and  ulti- 


mate, and  the  calorimetric  work.    The  revised  classifica- 
tion is  given  in- Table  1. 

DISCUSSION 

P.  r.  Walker.  1  l)eHeve  that  Mr.  Kent's  paper  throws 
considerable  light  on  the  coal  question,  but  am  inchned  to 
believe  that  the  results  are  of  more  vahie  negatively  than 
positively,  so  far  as  the  estimation  of  heating  values  from 
proximate  analysis  is  concerned. 

Very  shortly  after  coming  into  the  Western  country,  nine 
years  ago,  and  beginning  to  use  the  lower  grades  of  bitumin- 
ous coal  in  Kansas  and  western  Missouri,  I  found  that  the 
heat  values  per  pound  of  combustible,  as  published  by  Mr. 
Kent  and  based  on  his  study  of  Mahler's  researches,  did  not 
apply.  Not  only  did  the  coal  in  general  fail  to  match  up 
with  Eastern  coal,  but  marked  differences  within  a  compara- 
tively limited  area  occurred.  This  was  not  so  surprising 
when  one  considers  that  some  of  the  coal  measures  now  being 
worked  in  Kansas  are  situated,  stratigraphieally,  2000  ft. 
above  others. 

Many  of  us  would  like  to  see  some  method  established  by 
which  heat  values  could  be  estimated  with  a  fair  degree  of 
accuracy  from  the  proximate  analysis,  thus  avoiding  the 
more  exact  and  laborious  methods  of  the  ultimate  analysis 
and  the  calorimetric  test  alike.  It  is  not  so  important  to 
know  the  exact  position  of  a  given  coal  in  a  classification 
established  on  chemical  properties  as  to  know  its  value  in 
heat.  Is  there,  then,  any  method  by  which  the  quick  and 
reliable  estimate  may  be  made?  And  more  specifically,  does 
the  study  of  government  analyses  here  presented  to  us,  go 
far  in  this  direction? 

Emphasis  is  laid  in  this  paper  on  air  dried  coal,  with 
especial  reference  to  its  moisture  content  and  fixed  carbon 
content.  The  entire  question  of  moisture  content  of  coal  is 
p  complex  one.  In  the  work  of  analysis  by  the  United  States 
Bureau  of  Mines,  air  drying  of  samples  was  carried  out  as  a 
laboratory  convenience.  The  sole  purpose  was  to  bring  the 
coal  to  the  condition  of  the  surrounding  atmosphere  to  pre- 
\-ent  change  of  weight  during  handling  and  weighing.  In 
the  process,  air  was  warmed  and  drawn  thi'ough  the  dryer 
at  from  10  to  15  deg.  fahr.  above  room  temperature.  The 
heating  lowered  the  humidity  percentage,  but  in  all  cases,  the 
absolute  degree  of  humidity  was  dependent  upon  the  tem- 
porary conditions  of  the  atmosphere.  In  the  same  labora- 
tory, therefore,  there  might  be  marked  differences  ii^  the  ex- 
tent of  drying  the  coal  at  different  seasons  of  the  year  as  the 
liumidity  is  changed  far  more  in  heating  the  air  during  the 
cold  winter  months.  Also,  more  marked  differences  might 
occur  among  laboratories  located  in  various  parts  of  the 
country. 

It  will  be  observed  that  one  set  of  values  in  Mr.  Kent's 
table  is  based  on  moisture  remaining  in  the  coal  after  air 
drying,  and  the  chart  indicating  relation  of  heating  value 
to  moisture  in  air  dry  coal,  shows  that  the  quantities  involved 
are  of  small  magnitude.  Differences  due  to  varying  atmos- 
pheric conditions  or  varying  laboratory  methods,  or  both, 
are  thus  thrown  on  a  relatively  small  quantity,  and  the  re- 
sult is  ajiparent.  The  variation  in  fixed  carbon  values  be- 
cause of  such  laboratory  inaccuracies  as  these  would  not  be 
so  pronounced,  but  the  wide  fluctuation  of  values  on  the 
Fixed  Carbon  basis,  as  shown  in  another  chart,  is  due  to 
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another  well  established  laiiM-.  This  cause  is  the  same  as 
that  which  makes  the  estimate  by  the  earlier  ilahler  method 
inaccurate;  namely,  iu  the  low-  grade  bituminous  coals,  the 
volatile  gases  are  made  up  of  numerous  hydro-carbon  con- 
stituents, differing  so  widely  in  the  amount  of  carbon  which 
they  cany  from  the  fuel,  that  the  solid  or  fixed  carbon  does 
not  represent  the  real  condition  as  to  heat  value  in  any  such 
degree  of  regularity  as  is  found  in  tlie  case  of  tlic  anlljracite 
and  other  high  grade  coals. 

A  very  brief  analysis  of  results  given  in  the  final  faldes 
of  the  paper  will  show  the  extent  of  these  variations.  T^or 
tlie  high  grade  bituminous  coals,  in  tlie  moisture  formula 
column,  it  is  seen  tliat  the  variations  range  from  —  -147  to 
-f-908.  Tliis  means  that  in  an  estimation  of  heat  value, 
the  error  ranges  from  3  per  cent  high  to  d]^  per  cent  under. 
For  the  medium  grade  bituminous  coals,  tlie  range  is  from 
— 923  to  -(-9G7,  or  from  G.4  per  cent  high  to  7.3  per  cent 
over.  For  both  grades  of  coal,  corresponding  figures  from 
the  I'^ised  Carbon  column  show  variations  considerably 
greater  than  these  even.  A  glance  at  the  values  iu  these 
two  columns  for  the  meiliuin  grade  bituminous  is  sufficient  to 
show  the  great  magnitude  of  the  variations  between  true 
values  and  these  estimates. 

The  infoniiation  presented  in  tliese  tables  and  charts  is 
most  valuable,  but  I  am  forced  to  the  conclusion  that  the 
way  out  for  a  simple  and  direct  method  of  estimating  heat 
values  is  not  yet  in  sight.  Tlie  direct  calnrimetric  deter- 
mination is  a  process,  the  labor  and  time  for  which  are  soon 
equalled  by  the  labor  and  time  spent  in  multiplying  the 
steps  in  the  proximate  analysis  and  its  result  is  to  be  trusted 
in  far  greater  measure  than  that  from  the  other  can  ever 
expect  to  be,  especially  wlieii  dealing  with  the  lower  grades 
of  fuel.  In  my  opinion,  the  iiidst  fruitful  field  for  study  in 
this  connection  is  the  vohitile  iiiiilter  with  its  ever  changing 
character  with  respect  tn  caibcm   and  hydrogen   content. 

A.  G.  Christie.  I  am  inclined  to  agree  with  the  opinion 
of  Professor  AValker  that  a  proximate  analysis  is  no  re- 
liable indication  of  the  heating  value  of  coal.  In  this  con- 
nection 1  wish  to  refer  to  a  bulletin  recently  published  by 
the  University  of  Wisconsin  by  ^Ir.  ().  ('.  Berry  on  the  tar 
forming  temperatures  of  American  coals.  The  object  of  the 
investigation  was  originally  in  connection  with  gas  producer 
work,  but  incidentally  we  found  out  a  number  of  things 
about  American  coals  that  were  embodied  in  that  bulletin. 

From  investigations  of  the  low  grade  coals  which  you  get 
in  the  West,  the  variations  in  the  character  of  the  volatile 
matter  become  very  prominent.  It  seems  as  thouah  the  vola- 
tile matter  contained  variables  such  as  Professor  Walker  has 
stated  in  the  carbon-hydrogen  content.  And  also  there 
seemed  to  be  indications  that  in  coal<  of  the  lignite  and  semi- 
lignite  series,  there  were  combinations  of  what  one  might 
call  acetic  and  carbolic  acid  derivatives.  Time  was  not  avail- 
able to  go  into  an  investigation  of  these  lonibinations.  but 
there  did  seem  to  be  considerable  r|uaiitities  coming  off  where 
tar  was  expected.  The  tar  from  the  Western  coals  was  com- 
paratively slight  in  amount  and  yet  the  volatile  matter  was 
extremely  high.  That  would  seem  to  indicate  that  there  were 
combinations  present  which  were  not  of  hitch  carbon-hydro- 
gen ratios.  The  heating  values  of  these  coals  were  low.  We 
found   that   a  better  indi'-ator  tl'nn   any  proximate  analysis 


was  shown   by  the  ultimate  analysis  considering   only   the 
ratio  of  the  carbon  and  hydrogen. 

The  Author.  Referring  to  Mr.  Christie's  statement  that 
"  a  proximate  analysis  is  no  reliable  indication  of  the  heat- 
ing value  of  a  coal,"  it  would  be  sti'ictly  true  if  he  added  to 
it  the  words  "when  the  volatile  matter  is  more  than  35  per 
cent  of  the  combustible."  When  thus  modified  the  statement 
would  be  in  exact  accordance  with  what  is  said  in  paragraph 
8  of  my  paper,  viz. :  "  The  plotting  shows  that  all  the  coals 
of  the  Appalachian  field,  cannel  coals  excepted,  come  close 
to  the  original  curve  drawn  from  Mahler's  tests  of  European 
coals  when  the  volatile  matter  in  the  combustible  is  35  per 
cent  or  less.  For  coals  higher  in  volatile  matter  and  for 
Western  coals  generally,  the  heating  value  varies  over  a  wide 
range  and  appears  to  have  no  relation  to  the  volatile  matter, 
but  each  district  has  a  law  of  its  own. 

Undoubtedly,  as  Mr.  Christie  says,  the  character  of  the 
volatile  matter  in  the  Western  coals  differs  widely.  The 
chief  difference  is  in  the  pei-eentage  of  oxygen.  For  example, 
in  seven  Illinois  coals  the  oxygen  ranges  from  '22.3  to  29.0 
per  cent  of  the  volatile  matter;  in  six  Ohio  coals  it  is  from 
Ki.C  to  30. (i  per  cent ;  in  four  Oklahoma  coals  it  is  from 
10.5  to  22.2  per  cent,  and  in  five  Montana  coals  it  is  from 
20.5  to  4().0  per  cent.  The  percentage  of  oxygen  might  be 
taken  as  an  indication  of  the  heating  value  of  these  coals, 
but  it  is  only  a  rough  indication,  for  it  appears  that  in  some 
coals  high  ill  oxygen,  part  of  the  oxygen  may  be  combined 
with  carbon,  instead  of  all  being  combined  with  hydrogen  as 
it  is  assumed  to  be  in  Dulong's  formula.  The  carbon-hydro- 
gen ratio,  for  the  same  reason,  can  never  be  anything  more 
than  a  rough  indication  of  the  heating  \alue,  for  the  varia- 
tion in  this  I'atio  is  a  consequence  of  the  variation  in  oxygen. 
If  oxygen  is  high  the  carbon-hydrogen  ratio  must  necessarily 
be  low,  as  the  hydrogen  in  all  the  high  oxygen  coals  varies 
hut  little.  In  luture  studies  of  coal  it  is  desirable  that  the 
carbon-hydrogen  ratio  be  expressed  as  a  percentage  of  C 
or  H  divided  by  C  -|-  H,  for  the  reason  gi\en  in  the  paper. 

Professor  Walker's  statement  that  the  results  are  of  more 
value  negatively  than  jiositively,  as  far  as  the  estimation  of 
heating  value  from  proximate  analysis  is  concerned,  is  cor- 
rect for  most  of  the  coals  mined  West  of  the  Mississippi 
River,  and  for  all  coals  containing  more  than  35  per  cent  of 
volatile  matter  in  the  combustible:  but  there  certainly  is  a 
relation  between  the  proportion  of  volatile  matter  and  the 
heating  value  in  all  the  Eastern  coals  and  also  those  of  Okla- 
homa and  Arkansas,  when  the  volatile  matter  in  the  com- 
bustible is  less  than  35  per  cent.  It  also  appears  that  in  the 
coals  mined  East  of  the  Mississippi,  as  shown  in  the  paper, 
there  is  a  relation  between  the  heating  value  and  the  mois- 
ture in  the  air-dried  coal  free  from  ash.  In  future  studies 
of  coals  of  particular  districts,  such  as  those  of  Indiana  and 
Illinois,  this  relation  should  be  investigated.  '  This  relation 
appears  notwithstanding  the  probable  variations  in  the 
recorded  moisture,  due  to  the  variation  iu  humidity  of  the 
atmosphere  in  which  the  coals  were  dried,  but  in  future  re- 
searches it  should  not  be  difficult  to  obtain  an  atmosphere 
of  standard  humidity  for  drying  purposes,  by  means  of  a 
chamber  in  which  the  moisture  is  controlled  by  a  hygrostat 
at  the  same  time  that  the  temperature  is  controlled  by  a 
thermostat. 
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MEETINGS 

NEW  YORK.  OCTOBER  21 

The  opening  meeting  of  the  Fall  in  New  York  was  held 
October  21,  at  which  an  interesting  and  timely  paper  was 
read  by  F.  A.  Waldron  on  Panic  Economies  and  Emergency 
Problems  with  Special  Reference  to  the  Present  Industrial  • 
Situation.  The  paper  was  well  received  and  elicited  some 
uiteresting  discussion.  It  is  published  in  full,  with  the  dis- 
cussion, in  this  issue  of  The  Journal. 

ST.  PAUL,  OCTOBER  22 

At  a  meeting  of  the  Minnesota  Section  held  in  St.  Paul, 
October  22,  191-1,  Adolpli  F.  Meyer  presented  his  paper, 
Power  Developments  on  the  Mississippi  River  between  St. 
Paul  and  Minneapolis.  A  large  number  of  lantern  slides, 
showing  tiie  construction  in  detail  from  the  commencement 
to  the  present  stage  of  the  work,  were  used  by  the  author. 
The  paper  was  discussed  b;s'  those  present. 

BUFFALO,  OCTOBER  22 
A  meeting  of  the  engineering  profession  of  Buffalo  on 
October  22  was  addressed  by  Charles  Whiting  Baker  on  the 
topic.  Engineers  and  Public  Service.  Mr.  Baker  spoke  of 
the  effect  of  the  war  on  the  world,  showing  a  unity  un- 
dreamed of  in  the  time  of  Napoleon.  This  physical  unity, 
he  said,  has  been  brought  about  by  the  engineer  with  his 
steamships,  railroads  and  cables.  He  emphasized  further 
the  necessity  for  building  and  operating  public  utilities  in 
a  modem  city  by  competent  engineers  and  predicted  radical 
changes  during  the  next  few  years.  Public  sentiment  is 
leaning  more  and  more  towards  municii^al  ownership  and 
operation  of  city  utilities,  and  the  question  of  their  applica- 
tion arises.  This,  he  said,  depends  entirely  upon  local  con- 
ditions. The  engineering  profession  must  do  its  part  by 
supporting  the  men  who  are  chosen  to  fill  high  positions, 
and  the  engineering  societies,  national  and  local,  must  do  all 
in  their  power  to  help  raise  the  standards  of  public  service. 

LOS  ANGELES,  OCTOBER  28 

An  organization  of  the  Los  Angeles  Section  was  held  on 
October  28  and  the  by-laws  were  briefly  discussed.  A  very 
interesting  paper  on  Local  Transportation  was  read  by 
George  A.  Damon,  dean  of  Throop  College  of  Technology, 
outlining  the  desirable  developments  and  pointing  out  the 
difficulties  to  be  met  with.  The  cost  factors  entering  into 
the  problem  and  the  influence  transportation  plays  in  the 
development  of  our  cities  were  dealt  with,  also  the  four  main 
methods  of  transportation,  surface,  elevated,  open  cut  and 
subway.  The  paper  was  illustrated  by  lantern  slides,  and 
was  discussed  by  C.  K.  Mohler.  transportation  engineer  for 
the  city  of  Los  Angeles,  F.  C.  Finkle,  and  others. 

NEW  YORK,  NOVEMBER  10 
At  the  monthly  meeting  of  the  Society  in  New  York  for 
November,  Arthur  H.  Lymn  of  London,  England,  delivered 
an  address  on  The  Development  of  the  By-Product  Gas  Pro- 
ducer liidustry  in  Europe.  He  referred  to  the  various  stages 
of  the  remarkable  progress  that  has  been  made  in  this  field, 
and  discussed  the  economic  possibilities  from  the  recovery 
of  by-products,  and  referred  in  particular  to  results  at- 
tained with  the  L\-mn  process,  of  which  he  is  the  inventor. 
The  lecture  was  illustrated  with  lantern  slides  and  drew  out 
some  discussion. 


NECROLOGY 

CHARLES   F.    BAKER 

Cliaries  F.  Baker  was  born  at  Shoreham,  \'t.,  .January  22, 
1855,  and  in  his  boyhood  moved  with  his  parents  to  Wiscon- 
sin. He  received  his  technical  training  at  the  University  of 
Illinois,  and  his  first  work  was  with  the  E.  P.  Allis  Com- 
pany of  Milwaukee.  During  his  sei-\dce  with  the  company 
Mr.  Baker  had  charge  of  some  of  their  largest  work,  in- 
cluding the  pumphig  engines  for  Allegheny  City  and  the 
blowing  engines  for  the  Edgar  Thompson  Steel  Works  at 
Braddoek,  Pa.  He  left  the  Allis  Company  to  take  charge  of 
the  installation  and  operation  of  the  steam  plant  of  the 
C.  A.  Pillsbury  &  Company  flour  mill  at  Minneapolis. 

In  1893  Mr.  Baker  entered  the  employ  of  the  West  End 
Street  Railway  Company  of  Boston,  now  the  Boston  Ele- 
vated Company,  and  ultimately  became  superintendent  of 
motive  power  and  machinery  in  charge  of  all  power  plants 
and  car  shops.  This  work  included  the  maintenance,  in- 
spection and  design  of  rolling  stock,  shops  and  power  sta- 
tions and  under  his  supervision  the  East  Boston,  Charles- 
town,  Dorchester  and  Harvard  Square  power  stations  were 
built.  In  1905  Mr.  Baker  entered  the  employ  of  the  Brook- 
h-n  Rapid  Transit  Company  as  superintendent  of  power 
and  machinery,  and  while  there  had  charge  of  the  recon- 
struction of  the  Kent  Avenue  station.  He  then  went  to 
Baltimore  as  superintendent  of  power  and  construction  of 
the  local  street  railway,  and  later  became  associated  with 
the  Hudson  and  Manhattan  Company  as  superintendent  of 
equipment  of  the  power  station  and  substations. 

Later  Mr.  Baker  joined  the  forces  of  the  Bay  State  Street 
Railway  in  Massachusetts  in  charge  of  new  construction 
and  power  plant  reconstruction.  During  this  period  and  un- 
til the  time  of  his  death  on  May  21,  1914,  Mr.  Baker,  who 
had  meantime  removed  to  New  York  to  promote  a  very  ef- 
fective cooling  system  for  generators,  was  engaged  in  private 
consulting  engineering  practice  with  special  reference  to 
power  station  economies. 

Mr.  Baker  was  a  member  of  the  New  England  Street  Rail- 
way Club.  In  1904  he  was  elected  president  of  the  Ameri- 
can Railway  Mechanical  and  Electrical  Association  and  was 
also  the  past  president  of  the  New  England  Steam  Rail- 
road Club  of  Boston. 

CHARLES   W.    RICHARDS 

Charles  W.  Richards  was  born  December  4,  1867,  in  New 
York  City  and  received  his  education  in  the  pubUe  schools. 
He  served  his  apprenticeship  with  Joseph  Edwards  &  Com- 
pany of  New  York.  In  1887  he  entered  the  employ  of 
Henry  R.  Worthington  &  Company,  as  machinist,  and  was 
subsequently  connected  with  the  Boston  Heating  Company 
as  assistant  engineer,  with  the  United  Electric  Traction 
Company  as  construction  engineer,  with  the  Cumner-Rich- 
ards  Company,  in  Boston,  electric  construction  business,  with 
the  Consolidated  Electric  Car  Lighting  Company  as  general 
manager,  with  Stone  &  Webster,  in  electric  railroad  con- 
struction, with  the  s.ales  department  of  Chase-Shawmut 
Company  and  that  of  the  Simplex  Electric  Heating  Com- 
pany, with  the  Boylston  Manufacturing  Company,  as  super- 
intendent, and  with  the  Stevens-Duryea  Company,  of  Chico- 
pee  Falls,  Mass.,  as  superintendent.  At  the  time  of  his  death 
he  was  manager  of  tlie  Driggs-Seabury  Ordnance  Corjjora- 
tiou  of  Sharon,  Pa. 
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Mr.  Kitliaids  was  a  member  of  the  Society  of  Automobile 
Engineers,  and  had  ser\ed  on  the  board  of  directors  of  the 
Connecticut  Valley  Metal  Trades  Associations. 

3IEXRV   K.    HOWELL 

Henry  K.  Kowell  was  born  June  1,  1870,  at  Charlestown, 
Mass.,  and  after  completing  his  education  in  the  public 
schools,  entered  the  office  of  E.  A.  Buss,  mill  engineer,  in 
Boston.  He  was  subsequently  connected  with  Lockwood, 
Greene  &  Company,  and  during  the  last  eight  years  with 
Charles  T.  Main.  Mr.  Kowell's  experience  in  mill  w-ork  was 
very  extensi\e  and  he  was  responsible  for  the  organization 
and  construction  of  many  well  known  plants,  including  the 
textile  plant  of  the  Edwards  Manufacturing  Company,  Au- 
gusta, Me.,  the  textile  plant  of  the  Pepperell  Manufacturing 
Company,  Biddeford,  Me.,  the  woolen  weave  mill  of  S.  Slater 
&  Sons,  Inc.,  Webster,  Mass.,  and  many  others. 

Mr.  Rowell  made  studies,  reports  and  valuations  on  many 
mills  and  wrote  a  number  of  monographs,  one  of  which. 
Organization  of  the  Carding  Department  in  Cotton  Mills, 
read  before  the  National  Association  of  Cotton  ^lanufactur- 
ers  in  1911,  deserves  special  mention. 

He  died  at  his  home  in  Waltliam,  Mass.,  on  August  9, 1914. 

J 01 IX   CHRISTIAN''  HENRY  STUT 

John  Christian  Henry  Stut  was  born  in  Germany  on  .Jan- 
uary 11,  1851,  and  was  educated  in  public  and  private 
schools.  He  served  his  apprenticeship  in  Germany  and  in 
1870  came  to  the  United  States,  entering  the  Union  Iron 
Works  in  San  Fi-ancisco  as  a  draftsman.  He  also  served 
an  apprenticeship  with  several  firms  in  the  same  city.  He 
designed  the  plans  for  the  American  Sugar  Refinery  in  that 
citj'  in  1885,  and  acted  as  constructing  engineer  for  the  Cable 
Railroad,  during  his  association  with  the  Omnibus  Cable 
Company.  He  was  also  associated  with  the  Presidio  &  Fer- 
ries Railroad  of  San  Francisco  and  the  California  Street 
Cable  Railroad  as  constructing  engineer,  and  designed  the 
plans  for  the  Alameda  Sugar  Company  at  Alvarado,  Cal. 

At  the  time  of  his  death  Mr.  Stut  had  for  a  number  of 
years  conducted  a  private  consulting  business,  specializing 
in  cable  and  electric  roads,  sugar  refineries,  etc. 

WARREN  H.   TAYLOR 

Warren  H.  Taylor,  one  of  the  best  bank  lock  and  fine  lock 
experts  in  the  country,  and  superintendent  of  the  bank  lock 
department  of  Yale  &  Towne  Manufacturing  Company, 
died  at  his  home  in  Stamford,  Conn.,  on  June  11,  1914.  Mr. 
Taylor  was  born  in  Wincliendon,  Mass.,  February  17,  1846, 
and  was  educated  in  public  and  private  schools.  He  served 
an  apprenticeship  as  a  niachinist  with  his  uncle  in  Milford, 
N.  H. 

When  the  Ci\il  AVar  broke  out  Mr.  Taylor,  though  quite 
young,  enlisted  in  a  New  Hampshire  regiment,  but  was  pre- 
vented by  illness  from  going  into  service.  Upon  his  recov- 
ery he  returned  to  his  trade  of  machinist,  entering  the  em- 
ploy of  a  sewing  machine  company  at  Winchendon,  where 
he  remained  a  year  and  a  half.     Subsequently  he  worked  for 


the  Smith  &  Wesson  Arms  Company,  Springfield,  Mass., 
the  Remington  Arms  Company,  llion,  N.  Y.,  for  a  lock  com- 
pany founded  by  Linus  Y"ale"s  father  at  Newport,  N.  Y., 
and  for  Linus  Yale,  Jr.,  at  Shelburne  Falls,  Mass.,  with  the 
company  which  has  since  become  the  Y'ale  &  Towne  Manu- 
facturing Company  of  Stamford.  In  the  spring  of  1868 
Mr.  Taylor  went  witii  Mr.  Y'ale  to  Stamford  and  was  with 
tlie  firm  until  the  time  of  his  death.  The  many  inventions 
and  patents  wliich  have  been  issued  to  him  in  conjunction 
with  the  manufacture  of  their  products,  numbering  over  200, 
are  universally  known. 

During  his  many  years  of  sen'ice  with  the  comjjany  he 
was  associated  with  about  every  branch  its  operations  cover. 
It  is  an  interesting  fact  that  at  the  beginning  of  his  service 
he  was  associated  with  tlie  bank-lock  department  and  at  the 
end  he  was  the  head  of  the  de])artment.  During  about  ten 
years  lie  acted  as  general  superintendent  of  the  company. 
Most  of  Mr.  Tayloi-'s  inventions  had  to  do  with  pin  locks, 
but  he  made  a  number  of  important  inventions  in  connec- 
tion with  post  office  lock  boxes  which  have  been  used  by  the 
United  States  Government. 

Mr.  Taylor  took  an  active  interest  in  public  affairs  and 
was  a  member  of  the  Board  of  Appropriation  and  Appor- 
tionment. He  was  one  of  the  charter  members  of  the  Board 
of  Trade.  He  was  a  member  of  the  Stamford  Yacht  Club, 
the  Democratic  Club  of  New  Y'ork,  and  the  Reform  Club  of 
New  York. 

WILLIAM    DEHERTBURN    WASHINGTON 

William  DeHertburn  Washington  was  bom  Jmie  29,  1863, 
and  died  August  30,  1914,  in  Hanover  County,  Virginia. 
He  received  his  early  education  at  private  schools  and  at 
the  Maryland  Agricultural  College,  where  he  took  a  special 
course  in  mathematics  with  a  view  to  entering  the  United 
States  Naval  Academy.  He  changed  his  plans,  however,  and 
at  the  age  of  sixteen  began  work  on  an  engineering  corps 
of  the  Canal  and  Iron  Railway.  He  was  afterw-ards  assist- 
ant resident  engineer  on  the  construction  of  the  West  Vir- 
ginia Central  &  Pittsburgh  Railway,  and  later  in  the  office 
of  the  Atlantic  &  Pacific  Ship  Canal  Company.  He  entered 
the  employ  of  C.  W.  Hathaw'ay  &  Company  as  a  designer 
of  special  machinery,  and  designed  many  original  mechanical 
devices,  including  steam  engines,  air  separators,  methods  of 
hydraulic  sheet  piling,  and  a  sj'stem  of  sinking  caissons 
hydraulically,  which  has  been  successfully  used  in  many  of 
the  large  buildings  in  New  Y'ork  City. 

At  the  time  of  his  death  Mr.  Washington  was  president  of 
the  Hydraulic  Construction  Company,  New  York,  which  has 
engineered  and  constructed  many  important  industrial  plants 
in  the  United  States.  He  was  appointed  by  Governor  Sul- 
zer  as  consulting  engineer  to  the  Highway  Commission  of 
the  State  of  New  York,  and  was  a  delegate  to  the  Third 
International  Road  Congress.  He  was  a  member  of  the 
American  Society  of  Civil  Engineers,  the  American  Institute 
of  Mining  Engineers,  and  a  fellow  of  the  National  Geo- 
graphical Society. 
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ENGINEERING  SURVEY 

While  in  general,  foreign  engiiieeriug-  periodicals  are  (uib- 
lislied.  at  least  in  sections  of  Europe  not  directly  affected  by 
tlie  Will-  without  much  inteiTuption,  the  events  begin  to  affect 
their  size  and  wealth  of  material,  some  of  the  papers  having 
cut  down  the  numbers  of  the  issues,  and  others  the  number 
of  pages.  As  is  mentioned  in  one  of  the  articles  abstracted 
in  this  issue,  some  projected  investigations  have  been  stop]>ed 
for  lack  ot  funds  owing  to  the  general  tendency  to  economize 
on  everything  tliat  docs  not  bear  directly  on  the  war.  An- 
other regrettable  feature  of  the  present  situation  is  the 
long  lists  of  "  dead  for  their  country  "  published  by  some  of 
(he  European  engineering  societies  and  representing  a  griev- 
ous waste  of  tlie  best  constructive  forces  of  their  respective 
countries. 

THIS  JtOXTn's   ARTICLES. 

The  first  artide  treats  of  the  proper  dimensioning  of  heat- 
ing surfaces  in  heating  installations  where  steam,  either  ex- 
haust or  live  is  used,  and  among  other  things,  describes  the 
arrangement  used  when  the  waste  heat  of  internal  combus- 
tion engines  is  utilized.  Tlie  article  is  not  yet  finished.  It 
may  be  explained  here,  by  the  way,  tliat  eontraiy  to  the 
usual  practice  of  the  Engineering  Survey,  several  unfinished 
articles  have  been  abstracted  in  this  issue.  This  is  done  be- 
cause foreign  papers  now  come  irregularly,  several  issues  at 
one  time,  and  that  there  may  be  a  long  delay  when  none  are 
received.  Under  these  conditions  to  wait  until  the  entire  text 
of  the  original  article  is  at  hand  would  be  contrary  to  the 
policy  of  the  Survey  to  be  as  much  up  to  date  in  its  infor- 
mation as  possible,  and  so  the  plan  is  to  give  abstracts  of 
such  unfinished  articles  as  present  in  the  part  available,  suffi- 
cient data  to  make  them  of  immediate  interest. 

In  the  section  Internal  Combustion  Engineering  is  given  a 
description  of  two  new  types  of  gas  producers,  one  of  which 
is  especially  adapted  to  handle  vegetable  refuse  and  particu- 
larly seaweed,  in  the  latter  case  with  the  recovery  of  potash 
and  potassium  carbonate. 

In  tlie  section  Steam  Engineering  are  described  straight- 
flow  rolling  mill  engines,  and  interesting  data  are  given  on 
the  jet  condenser  connected  with  it.  The  data  of  tests  with 
recording  load  meters  on  steam  engines  are  of  particular 
interest  in  these  days  of  vigorous  effort  to  secure  maximum 
efficiency  of  apparatus  used.  Besides,  as  shown  in  the  ar- 
ticle, the  use  of  the  recording  indicator  enables  one  some- 
times to  locate  trouble  of  an  otherwise  elusive  character.  In 
Schulz's  article  on  temperature  measurements  in  evapora- 
tion tests  is  discussed  the  still  mooted  question  (in  Germany) 
as  to  wiiat  is  the  entrance  to  the  economizer,  and  how  ther- 
mometers in  evaporation  tests  should  be  placed,  ^'aluable 
data  on  the  distribution  of  temperature  in  the  economizer 
are  cited.  Pradel's  description  of  the  Pellegrino  gi-ate  foims 
liart  of  his  usual  quarterly  account  of  progress  made  in  the 
field  of  boiler  firing,  the  closing  part  of  wliicli  will  be  ab- 
stracted in  an  early  issue  of  TJie  Journal. 

In  the  section  Thermod>^^amics  are  reported  two  important 
investigations.  Hornborn  and  Jakob's  on  the  specific  heat  of 


air  at  60  deg.  cent,  and  various  pressures,  up  to  200  atmos- 
pheres; and  of  Stodola  on  the  phenomenon  of  undercooling 
of  steam  flowing  out  from  nozzles. 

In  the  paper  presented  by  F.  G.  Cutler  before  the  Ameri- 
can Iron  and  Steel  Institute  are  described  some  of  the  im- 
provements in  power  generation  made  at  the  Ensley  plant 
of  the  Tennessee  Coal,  Iron  and  Railroad  Company.  Their 
great  importance  and  extent  can  be  judged  from  the  author's 
statement  that  '•  the  saving  in  coal  with  the  present  equip- 
ment and  methods  of  operating  over  the  fonuer  practice  is 
estimated  to  be  at  the  rate  of  200,000  tons  per  annum." 
R.  L.  Daugherty,  in  a  paper  before  the  American  Society  of 
Civil  Engineers,  presents  data  on  the  performance  of  a  re- 
action turbine  made  at  Cornell  University  with  a  greater 
thoroughness  than  is  usually  the  case  with  commercial  tests. 

Two  papers  are  reported  from  the  .Journal  of  the  Ameri- 
can Society  of  Marine  Draftsmen,  a  new  publication  which 
we  take  this  oppcu'tunity  to  welcome. 

Temperature  Cycles  in  Heat  Engines,  by  Professor  F.  G. 
Coker  and  W.  A.  Scoble.  and  Seventh  Report  of  the  Ex- 
plosion Committee,  are  the  titles  of  two  papers  before  the 
Australian  meeting  of  the  British  Association  which  have 
already  attracted  considerable  attention  in  the  European 
scientific  and  technical  press.  The  second  of  these  papers 
describes,  among  other  things,  methods  of  measuring  the 
temperature  in  the  cylinder  of  an  explosion  engine  so  as  to 
determine  it  at  various  parts  of  the  cycle. 

The  locomotive  arch  brick  is  the  topic  discussed  by 
(i.  Wagstaff  before  the  Central  Railway  Club.  It  contains 
statistical  data  concerning  engines  equipped  with  fire  brick 
arches  in  this  country  and  Canada. 

A  method  of  determining  the  internal  stresses  in  heat 
treated  axles,  and  a  discussion  of  the  influence  of  quenching 
by  horizontal  or  vertical  immersion  form  the  subject  of  a 
highly  interesting  investigation,  by  H.  Y.  Wille.  published 
in  the  Journal  of  the  Franklin  Institute. 

From  the  recent  publication  of  the  Institution  of  Mechan- 
ical Engineers  are  abstracted  the  report  of  the  Refrigera- 
tion Research  Committee,  and  the  jsaper  of  Dr.  W.  E. 
Fisher  on  the  Discharge  of  Steam  through  Nozzles.  A 
jiaper  on  the  Theory  of  Flow  of  Gases  through  Nozzles, 
by  J.  G.  Stewart,  had  to  be  left  out  for  an  early  issue  on 
account  of  lack  of  s])ace. 

Finally,  from  the  Quarterly  of  the  School  of  Mines  has 
been  taken  an  account  of  the  recent  tests  on  the  physical 
properties  of  steel  and  east  iron  bars  broken  at  various  tem- 
])eratures. 

Heating 

Utilizatiox  of  Exhaust  Heat  or  Exgixes  for  Purposes 
OF  Heating  with  Particular  Regard  to  the  Dimensions 
OF  Heating  Surfaces  (Uber  die  Verwendung  der  Maslicin- 
cnabwarnie  fiir  Heizzwecke  unter  hesonderer  Beriicksich- 
tlgung  der  Heizfldchenhemessung,  Dr.  Wilhelm  Deinlein. 
Zeits.  den  Bayerischen  Revislons-Vereins,  vol.  18,  no.  17, 
pp.  163,  September  15.  1914,  serial  article,  not  finished. 
dp).  There  is  quite  a  large  amount  of  information  in  ex- 
istence on  the  utilization  of  waste  heat  of  prime  movere  for 
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the  purpose  of  room  heating  and  water  heating,  but  in  most 
of  the  articles  which  have  appeared  so  far,  insufficient  in- 
formation is  given  with  respect  to  the  auxiliary  apparatus 
used  in  sueii  installations  and  especially  with  respect  to  di- 
mensions ot  the  parts.  The  present  article  takes  up  tiiese 
features  with  special  regard  to  room  heating,  hot  water  pro- 
duction and  feed  water  preheating.  It  gives  a  general  ac- 
count of  the  systems  of  lieating  by  exhaust  steam,  botli  ex- 
haust in  the  true  sense  of  the  word  and  live  steam  used  for 
heating  purposes  before  its  admission  to  the  prime  mover 
which  the  author  calls  in  this  case  "  incoming  "  steam.  The 
author  gives  several  diagrams  of  connections  for  heating 
by  low  pressure  steam  from  an  engine  exhausting  into  the 
atmosphere,  vacuum  heating  with  tlie  condensing  steam  en- 
gine, hot  water  heating  from  an  internal  combustion  engine, 
the  latter  shown  in  Fig.  1.  From  condensing  steam  engines, 
water  is  obtained  with  temperatures  of  from  40  to  80  deg. 
cent.  (104  to  176  deg.  falir.),  according  to  the  degree  of 
vacuum  available.      With  internal  combustion  engines   (ac- 


Re-cooling  plant  - 


Internal  Combustion 
Engine 


Pipe  for  pure  heating 
by  circulation 


Fig. 


1     Heating  Installation  Using  W.vste  Heat  from  Internal  Com- 
bustion Engine 


cording  to  their  size)  water  temperatures  up  to  70  deg.  cent. 
can  be  obtained,  but  in  the  case  of  larger  engines,  especially 
gas  engines,  the  temperature  has  to  be  maintained  consid- 
erably below  70  deg.  cent.  (158  deg.  fahr.).  The  author 
knows  of  no  case  where  water  of  condensation  or  cooling 
water  is  used  for  heating  purposes  with  supplementary  heat- 
ing. The  possibility  of  such  an  arrangement  is  recognized 
in  industrial  concerns  only  for  the  purpose  of  heating  shops 
and  offices  and  the  general  objection  to  it  is  the  low  tem- 
perature of  heating  and  the  necessity  of  reserve  installations, 
which  involve  a  large  investment. 

Internal-Combustion  Engineering 

Modern  Progress  in  the  Theory  and  Practice  op  Gas 
Producers  (Die  neuern  Forischritte  in  Theorie  unci  Praxix 
der  General orgaserzeur/unr/,  J.  Gwosdz.  Glik'kauf,  \-ol.  50, 
no.  41,  October  10,  1914,  serial  article,  not  finished,  d). 
The  article  describes  the  progress  made  during  the  last  few 
years  in  the  design  of  gas  producers.  Among  the  types 
described,  of  particular  interest,  are  those  of  Ragot  and 
Pierre-IIervotte  (French,  though  patented  in  Germany) 
and  the  German  Pintsch  generator,  of  which  a  new  type  is 
shown  in  the  article.  The  former  of  the  two  is  designed 
mainly  to  burn  vegetable  refuse  and  other  cheap  fuels.  It 
has  two  zones  of  combustion,  a  and  b  (Figs.  2  A  and  B), 
located  one  above  the  other  and  composed  of  superimposed 
truncated  cones.  The  downward  shaft  is  closed  by  a  wire 
screen  pipe  c  and  grate  d.  which  is  designed  partly  as  a  valve. 
The  admission  of  air  and  steam  to  the  upper  and  lower  ad- 


mission pipes,  staggered  with  regard  to  one  another,  is  ef- 
fected through  the  circular  pipe  e  and  admission  branch  pipe 
/.  The  peculiar  feature  of  the  design  is  the  use  of  the  under- 
shaft  section  (/  as  a  water  container,  into  which  the  wire 
screen  cylinder  c  and  grate  d  are  dropped;  the  gas  is  forced 
therefore  to  pass  through  the  water  of  the  container  g  before 
it  can  reach  the  chamber  h  and  from  it  the  gas  eduction 
pipes.  In  this  way,  before  entering  into  the  piping,  the 
gas  is  freed  from  impurities  and  such  undesirable  constitu- 
ents as  wood  vinegar.  The  bubbling  of  the  gas  through  the 
water  container  g  helps  also  to  break  up  the  ashes  on  the 
grate. d  and  to  prevent  the  dogging  of  the  interspaces  be- 
tween the  grate  bars.  When  plants  are  used  as  a  fuel,  this 
action  of  the  water  on  the  ashes  helps  also  to  recover  such 


Fig.  2     New  Types  of  Gas  Producers 

solids  as  potash  and  sodium  carbonate.  This  tyite  of  pro- 
ducer is  therefore  particularly  adapted  for  burning  seaweeds 
along  the  coast  region. 

The  development  of  the  new  Pintsch  producer  was  based 
on  the  idea  that  a  more  effective  tar  separation  would  be 
obtained  if  the  gas  were  freed  from  soot.  In  the  producer 
shown  in  Figs.  C  and  D,  the  fuel  is  completely  distilled  in 
the  gasification  shaft  a,  and  taken  out  as  coke  from  the  gasi- 
fication shaft  e.  The  producer  gas  forms  in  the  latter  shaft 
for  the  most  part  closely  around  the  gasification  shaft 
through  passages  made  in  the  brick  setting  and  reaches  the 
point  of  consumption,  while  a  smaller  part  of  it  is  taken 
in  tlu-ough  suction  by  means  of  the  steam  jet  blower  c. 
through  the  gasification  chamber  and,  together  with  the 
gases  of  distillation,  reaches  the  hearth  d,  where  the  gases 
are  mixed   witii   the  air  taken  in   by  the   motor  or  suction 


FOREIGN     REVIEW 


0223 


blower  and  are  completely  burned  in  a  Tree  llanie.  The 
Iiroduets  oT  combustion  are  then  again  for  the  most  part 
converted  into  combustible  gases  in  the  hot  zone  of  com- 
liustion.  As  shown  ui  the  figure,  the  contents  of  the  shaft 
repose  over  a  tank  filled  with  water,  which  permits  the 
ashes  to  be  removed  conveniently  without  producing  any  dis- 
turbance in  operation.  The  lower  heating  value  of  the  gases 
produced  is  approximately  950  to  1000  WE.  (1800  B.t.u.  per 
pound),  or  approximately  equal  to  the  heatnig  value  of 
blast  furnace  gas,  but  considerably  below  that  of  the  ordi- 
nary producer  gas.  The  average  composition  in  a  150  h.p. 
plant  has  been  found  to  be  CO,,  8.G  per  cent,  CO,  18.3  per 
cent,  H,  14  per  cent  and  CH,,  O.C  j)er  cent.  Thermal  effi- 
ciency is  from  CO  to  70  per  cent  and  the  fuel  combustion 
0.48  to  0.59  kg.  per  effective  h.p. 

Steam  Engineering 

Concerning  Measurement  op  Temperature  in  Evapo- 
ration Test.s  (Vber  Temperatunuessungeii  hei  Verdampf- 
ungsversuchen,  M.  R.  Schulz,  Zeits.  filr  das  gesamte  Tur- 
binenwesen,  vol.  11,  no.  28,  p.  419,  October  10,  1914,  3  pp., 
1  fig.    ep). 

The  article  discusses  the  method  of  taking  temperature 
readings  in  evaporation  tests.  The  author  finds  that  in  a 
number  of  tests  on  boilers,  superheaters  and  economizers,  the 
data  obtained  did  not  quite  agree  with  the  actual  conditions. 
The  author  believes  that  the  fault  lies  in  the  fact  that  the 
instruments  for  measuring  the  temperatures  are  not  placed 
in  the  proper  positions  and  proper  parts  of  the  gas  currents. 
He  found  that  in  recent  tests  on  economizers  the  economizer 
appeared,  aceordmg  to  the  test  data,  to  have  taken  up  more 
heat  than  was  available  for  its  use,  which,  of  course,  would 
be  due  only  to  improper  measurements. 

In  Germany,  guarantees  of  economizer  performances 
usually  state  that  the  guaranteed  perfonnanee  is  to  be  based 
upon  the  temperature  at  the  entrance  to  the  economizer  and 
the  author  has  noticed  that  tliis  essential  condition  is  not 
always  satisfied.  According  to  the  belief  of  the  author,  the 
entrance  to  the  economizer  can  be  understood  only  as  the 
place  where  the  gases  enter  the  economizer,  and  an  econo- 
mizer is  understood  as  a  system  of  piping  built  into  a  brick 
structure  and  provided  with  an  entrance  chamber  and  ex- 
haust chamber.  If  one  mixes  the  flue  gas  and  air  in  the  en- 
trance chamber  of  the  economizer  and  calls  it  the  entrance 
to  the  economizer,  only  false  results,  according  to  the  state- 
ment of  the  author,  can  be  obtained. 

To  prove  this,  the  author  placed  absolutely  similar  ther- 
mometers at  the  same  depths  of  immersion.  The  first  three 
of  them  he  placed  in  the  main  flue  at  the  entrance  of  the 
gases  into  the  economizer.?  at  the  places  indicated  in  Fig.  3 
as  a,  b  and  c,  and  then  three  more  in  the  entrance  chamber 
at  the  places  marked  d,  e  and  /.  The  first  three  thermom- 
eters were  placed  in  their  three  measuring  holes  vertically 
and  the  other  three  thei-mometers  horizontally,  somewhat  in- 
clined, while  a  seventh  thermometer  was  placed  into  a  hole 
in  the  cover  of  the  economizer  easing  g  vertically.  At  the 
same  time,  in  the  flue  passages  of  the  four  boilers  then  in 
operation,  measurements  of  the  flue  gases  were  made,  at  a 
distance  of  about  1  m.  from  the  boiler,  so  that  the  instru- 
ment should  not  be  affected  by  the  heat  radiated  by  the 
boiler  setting. 

The  author  asserts  that  it  is  wrong  to  believe  that  the  flue 


gases  can  be  materially  cooled  down  in  the  main  flue  during 
the  passage  of  from  30  to  50  m.  (98  to  164  ft.)  long,  lu 
the  present  case,  the  cooling  amounted  at  most  to  10  deg., 
although  the  flue  was  over  30  m.  long.  If  cooling  is  actually 
established  in  the  main  flue,  it  is  due  to  the  fact  that  the 
valves  are  so  lacking  in  tightness  that  large  amounts  of  air 
are  permitted  to  enter,  or  possibly  the  valves  are  open  on 
other  boilers  wiiicli  are  connected  with  the  smokestack  but 
are  not  in  operation  (perhaps  because  they  were  being 
cleaned).  It  is  of  great  importance,  therefore,  during  the 
test,  to  allow  no  cold  air  to  enter  into  the  main  flue,  and 
it  is  best  to  have  the  valves  on  the  boilers  which  are  not  in 
operation  covered  with  clay. 

The  measurements  in  the  main  flue  at  the  entrance  to  the 
economizers  were  carried  out  by  three  pyrometers  of  equal 
length  in  such  a  way  that  all  the  pyrometers  were  placed  at 
equal  depths  into  the  setting  at  a  distance  of  about  400  mm. 
(15.7  in.)  from  one  another.  The  thermometers  were 
changed  in  position  several  times  and  the  results  were  always 
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Fig.  3     Temper.\ture  Me.vsurements  ix  Ev.\por-\tion  Tests 

the  same.  The  two  outer  thermometers  always  indicated  a 
little  less  than  the  middle  one,  which  leads  to  the  conclusion 
that  both  outer  thermometers  bad-been  somewhat  effected  by 
the  temperatiu-e  of  the  brick  work  of  the  side  walls.  Quite 
noticeable,  however,  was  the  difference  in  temperature  at  the 
three  places,  a,  b,  c  and  d,  e,  f.  The  thermometer  at  d  indi- 
cated always  the  same  temperature,  if  it  was  placed  low 
enough.  The  other  tw-o  thermometers  indicated  lower  tem- 
peratures, so  that  even  in  an  economizer  3  m.  wide  one  could 
observe  a  difference  in  temperature  between  instruments 
placed  at  a,  b,  c  and  those  placed  at  d,  o,  f — a  difference  of 
30  deg.  cent.  (54  deg.  fahr.)  over  an  average  distance  of 
11/2  m.  only;  the  vertical  thermometer  still  less,  only  about 
250  deg.  The  author  noticed,  however,  that  the  vertical 
thermometer  at  g  was  not  placed  quite  vertically  over  the 
three  other  holes  and  was  inclined  somewhat  in  the  direction 
of  the  economizer. 

Even  though  this  fact  appeared  sufficient  to  prove  that 
it  is  not  correct  to  effect  measurements  in  the  front  chamber, 
the  author  carried  out  further  measurements  in  the  rear 
chamber  of  the  economizer.  Here  the  difference  in  temper- 
atures was  not  as  great  as  it  was  at  the  entrance,  which  ap- 
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peared  to  be  due  to  the  fact  that  a  very  considerable  amount 
of  cold  air  was  allowed  to  enter  through  numerous  leaks 
and  that  this  materially  increased  the  volume  of  tlie  gases. 
Further  temperature  measurements  were  then  undertaken. 
the  three  thermometers  being  taken  out  from  d,  e,  f  and 
placed  at  the  same  height  into  the  economizer  brick  setting, 
where  it  was  found  that  at  the  points  d.  e,  f  entirely  dillVr- 
ent  results  were  obtained;  to  wit,  2C0,  270  and  250  deg.  cent., 
respectively  (500,  518  and  482  deg.  fahr.).  These  measure- 
ments were  effected  at  a  distance  of  approximately  300  mm. 
(11.8  in.)  from  tlic  collector  piping,  and  gave  an  average 
figure  of  260  deg.  cent.  Here  again  10  deg.  have  been  lost 
in  the  distance  from  the  lowest  point  of  measurement  of  20 
deg.  from  the  entrance  to  the  economizer.  Finally,  the  ther- 
mometer was  shifted  from  d  to  /,,  or  quite  close  to  the  first 
row  of  pipes  on  the  lower  collector  jiiping,  which  gave  a  due 
gas  temperature  of  240  deg.  Tlio  same  operations  were  car- 
ried on  with  the  upper  thermometer,  but  there  a  difference 
at  most  from  5  to  10  deg.  could  be  found. 

Further  tests  were  made  in  the  economizer  casing  at  vari- 
ous places,  but  always  along  the  same  vertical  line,  and  it 
was  found  that  in  tlie  lower  third  part  of  the  economizer  the 
flue  gas  temperatures  were  quite  low.  This  difference  in 
measurements  is  explained  by  the  author  on  tlie  basis  of  an 
assumption  that  in  order  to  detenuine  the  temperature  under 
similar  conditions,  not  only  an  accurately  indicating  pyrom- 
eter is  necessaiy,  but  it  is  also  necessary  that  tlie  measure- 
ments should  always  be  effected  under  practically  equal  con- 
ditions. By  tliis  equality  of  conditions,  the  author  under- 
stands that  the  depth  of  immei-sion  would  be  absolutely  equal 
throughout  and  that  the  velocity  of  flow  of  the  flue  gases  at 
the  s]>ot  where  the  measurements  are  made  would  be  also 
equal.  He  believes  that  if  he  were  to  place  three  pyrometers 
in  the  main  flue  in  such  a  manner  that  they  would  be  placed 
radially  and  come  with  their  immersion  terminals  exactly  into 
the  middle  of  the  smokestack,  there  would  probably  be  no 
difference  whatever  in  their  temperature  indications.  The 
fact  that  the  difference  in  temperature  between  the  main  flue 
and  the  front  chamber  of  the  economizer  is  so  great,  he  be- 
lieves to  be  due  to  the  fact  that  the  measurements  were  not 
made  at  the  same  velocity  of  flow  of  flue  gases.  The  author 
believes,  therefore,  that  all  measurements  of  temperature 
■■  at  entrance  to  the  economizer  "  should  be  made  at  the  spot 
where  the  gases  pass  through  the  main  flue  into  the  econo- 
mizer casing. 

Straight  Flow  Steam  Engine  for  Kolung  Mill  Drive. 
oi'  700  to  1000  H.P.  (Gleiehstrom-Wulzemugmasrhine  roii 
700  his  1000  PS,  E.  Zix.  Zeits.  des  Vereines  deutscher  In- 
genieure,  vol.  .58,  no.  40,  p.  1429,  October  3,  1914,  2  pp.,  8 
figs.  d).  The  straight  flow  steam  engine,  on  account  of  its 
simplicity  of  construction,  low  steam  coiisuiuption  and,  above 
all,  its  easy  adaptation  to  fluctuation  of  load,  has  found  a 
wide  field  of  application  for  driving  rolling  mills  where  it  is 
iiis])lacing  the  fandem  engine  more  and  more.  The  present 
article  describes  an  engine  delivered  to  a  rolling  mill  ])lant 
some  time  ago  by  a  German  concern.  This  engine  deserves 
particular  attention  on  account  of  certain  particulars  of  con- 
struction and  a  sjiecial  test  made  on  a  jet  condenser  con- 
nected with  it.  It  iias  (Fig.  4  A  to  C)  750  mm.  (29.4  in.) 
bore  and  900  mm.  (35.4  in.)  stroke.  Its  speed,  wliich  varies 
from  110  to  140  r.p.m.,  can  be  easily  adjusted  to  the  re- 
quirements   of   the    rolling   mill    during    the    operation,    by 


adding  supplementary  springs  to  the  governor  spring.  At  a 
steam  pressure  of  10  atmospheres  and  130  r.p.m.,  the  normal 
output  is  700  and  the  maximum  output  1000  indicated  h.p.h. 
At  a  steam  temperature  of  300  deg.  cent.  (572  deg.  fahr.) 
and  at  least  90  per  cent  vacuum  in  the  connecting  pipe  a 
consumption  of  4.5  kg.  (9.9  lb.)  of  steam  per  indicated  h.p. 
is  guaranteed.  The  cross  head  (Fig.  D  and  E)  is  of  in- 
terest on  account  of  its  easy  demountability  and  at  the  same 
time  fully  reliable  connection  with  the  piston  rod.  The 
Stumpf  valve  gear  which  was  used  on  the  first  engines  has 
been  discarded  on  account  of  the  lack  of  accessibility  of  the 
axle  governor  and  of  its  limiting  the  highest  cut-off. 

At  starting,  the  straight-flow  rolling  mil]  engine,  to  over- 
come the  considerable  frictional  resistance  of  the  rolls,  needs, 
in  tlie  absence  of  a  vacuum,  very  large  cut-offs,  at  least  50 
per  cent,  and  on  this  account  a  maximum  cut-off  of  60  per 
cent  was  specified  for  these  engines,  which  can  be  obtained 
by  the  very  simple  valve  gear  shown  in  Fig.  F  driven  by  a 
lateral  shaft.  The  valves  are  cast  together  with  their  sites 
and  are  separated  from  them  only  during  the  machining 
process.  The  adjusting  gear  and  spindle  of  the  governor 
lun  on  ball-bearings.  A  jet  condenser  (Fig.  G  and  H)  is 
directly  cwipled  with  the  steam  piston  rod  and  therefore 
works  with  very  high  piston  speeds.  The  lower  the  con- 
denser pressure,  the  more  favorable  are  the  results  on  the 
straight  flow  steam  engine  and.  therefore,  it  is  desirable  to 
have  as  high  a  vacuum  as  possible,  at  least  90  per  cent.  As 
\ery  favorable  experience  has  been  had  in  this  connection, 
with  condensers  having  no  suction  flaps,  it  appeared  ad- 
visable to  use  them  also  in  this  case  notwithstanding  the  high 
piston  velocities  resorted  to. 

At  fust  many  difficulties  were  encountered,  and  only  after 
numerous  experiments  could  this  design  be  fully  managed. 
The  steam  is  condensed  in  a  preliminary  condenser  which, 
on  account  of  the  space  requirements,  is  placed  2100  mm. 
(say  82  in.)  from  the  center  line  of  the  main  condenser. 
The  cold  water  flows  into  it  under  a  head  of  110  in.  In 
order  that  no  ^ater  may  run  over  into  the  steam  cylinder 
in  case  of  a  sudden  removal  of  the  load  from  the  engine,  the 
piping  between  the  condenser  and  engine  is  made  10  meters 
high  (32.8  ft.).  At  first  a  vacuum  of  only  65  to  80  per 
cent  was  obtained,  the  variations  in  the  vacuum  being  from 
10  to  12  per  cent.  Certain  leaks  were  discovered  and  elimi- 
nated in  the  piping,  without,  however,  producing  any  satis- 
factory results.  The  preliminary  condenser  stood  about  500 
mm.  (19  in.)  below  the  main  condenser.  As  the  pipe  be- 
tween the  two  was  horizontal,  it  was  thought  that  the  mixture 
of  air  and  water  did  not  reach  the  suction  chamber  of  the 
main  condenser  in  proper  time,  and  this  led  to  locating  the 
preliminary  condenser  at  a  higher  level  so  that  the  mixture 
sliould  flow  into  the  suction  chamber  with  a  head.  No  ma- 
terial improvement  resulted.  It  appeared  therefore  that  the 
cause  of  the  trouble  lay  in  the  initial  process  occurring  dur- 
ing the  flow  of  the  water  in  tlie  S-sliaped  pipe  and  the  suction 
room. 

The  water  level  gage  was  placed  at  the  lower  end  of  the 
S-pipe  and  it  was  found  that  in  that  pipe  the  water  column 
\aried  quite  considerably  and  irregularly,  and  further,  that 
Sdnietimes  the  water  entirely  filled  the  admission  pipe  lying 
immediately  on  the  condenser.  Therefore  at  certain  posi- 
tions of  the  water  in  the  S-pipe  the  admission  of  air  to  the 
auction  chamber  of  the  pump  was  entirely  cut  off.      It  ap- 
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peared  that  this  trouble  miglit  be  obviated  by  providing  the 
pipe  H  (Fig.  H)  with  two  suction  valves  so  as  to  liandle  the 
air  and  water  separately.  Even  that  did  Dot  help  entirely, 
however.  The  vacuum  was  made  much  better  and  rose  up  to 
'JO  per  cent,  but  the  variations  in  the  vacuum  still  remained 
at  the  undesirably  high  level  ot  10  to  20  per  i-ent.  and   fnr- 


were  laid  at  several  places  from  the  preliminary  condenser 
to  the  main  condenser  and  observations  were  taken  to  find 
out  which  of  these  cocks  should  be  manipulated  to  produce 
a  variation  in  the  behavior  of  the  pump.  It  was  found  that 
the  nearer  one  approached  the  condenser,  the  better  was  the 
Dction  ot  air  and  suction.      Finally,  at  the  highest  point  in 
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Fig.  4    Straight  Flow  Steam  Engine  for  Rolling  Mill  Drive 


tlier,  from  time  to  time  the  pump  developed  a  hard  irregu- 
lar pounding  which  could  be  softened  down  only  by  admit- 
ting air  on  both  sides  of  the  pump.  With  the  new  arrange- 
ment, the  great  variations  of  the  water  level  in  the  S-pipe 
continued  and  evidently  spread  as  far  as  the  pump  chamber. 
As  a  last  resort,  it  was  decided  to  try  the  suction  of  air 
over  the  water  level.     Next,  independent  air  suction  cocks 


the  suction  chamber  a  pipe,  A,  provided  with  a  cock,  was  led 
in  and  the  air  suction  taken  therefrom.  This  had  the  desired 
result.  The  vacuum  immediately  improved  and  is  main- 
tained now  at  from  90  to  95  per  cent;  the  variation  in  the 
\acuum  comes  down  to  only  1  per  cent  and  the  condenser 
runs  quietly,  as  sho\^'n  in  the  original  article  by  indicator 
diagi'ams.     It  is  quite  likely  that  by  a  different  aiTangement 
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of  the  constituent  elements  and  by  shifting  the  preliminary 
condenser  closer  to  the  main  condenser,  the  difficulties  de- 
scribed would  ha\e  been  eliminated.  In  the  present  case, 
however,  it  is  interesting  to  know  how  an  arrangement  w^hich 
apparently  could  have  been  expected  to  spoil  the  action  of 
the  mechanism,  actually  imin-oved  it. 

OPKn.vTixG  Tests  with  Indicators  and  Kkcording  Load 
Meters  {Betriebsversuche  mit  Leislungszdhlern  und  regis- 
trierenden  Belastungsameigern,  Biittcher,  Binglers  poli/tcch- 
nisches  Journal,  vol.  329,  no.  40/41,  p.  593,  October  10,  1914, 
article  not  finished,  de). 

Tiie  article  describes  tlie  new  type  of  Bottchcr  continuous 
load  in<licator  and  a  test  made  with  same.  (Compare  The 
Jourtml,  April  1913,  p.  711.)     In  addition  to  the  indicator 
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versa.  The  recording  drum  e  is  provided'  with  clockwork 
and  in  accordance  with  the  original  design  makes  one  revolu- 
tion in  1,  12  or  24  hours.  The  mass  pendulum  begins  to 
operate  when  the  driving  lever  a  makes  small  oscillations 
about  any  of  its  positions.  These  oscillations  are  damped 
out  by  the  mass  pendulum  in  connection  with  the  suspension 
springs  and  in  this  way  kept  away  from  the  recording  pen. 
Should  the  engine  be  free  from  such  oscillations,  the  mass 
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Fig.  5     BoTTCHER  Load  Indicator  for  Continuous  Tests 


desrribed  previously,  a  new  type  has  lately  been  developed, 
the  purpose  of  which  is  to  give  practically  the  same  kind  of 
indications  as  is  given  by  the  ordinary  registering  watt- 
meter in  electric  plants.  Such  an  apparatus  is  shown  in 
Pig.  5  A .  The  principle  made  use  of  in  the  apparatus  is  based 
en  the  fact  that  in  the  centrifugal  governor  the  position  of 
the  governor  sleeve  regulates  the  operation  of  the  engine, 
the  lowest  position  giving  the  niaxinuim  admission  and  the 
liighest  position,  minimum  output  or  practically  no  load, 
each  intermediate  position  corresponding  to  some  output 
between  tliese  two  extreme  limits,  or  to  a  certain  pressure  of 
steam  admission.  The  apparatus  as  shown  in  Fig.  A  con- 
sists, accordingly,  of  a  balanced  mass  pendulum,  c,  sus- 
pended on  two  springs,  h.  and  rotatable  around  the  point  s. 
This  pendulum  carries  at  d  a  recording  pen,  adjustable  by 
means  of  the  lever  a.  If  the  lever  a  is  placed  in  its  highest 
position,  the  recording  pen  is  at  its  lowest  point,  and  vice 


pendulum  with  Us  spring  suspension  can  be  replaced  by  a 
simple  joint  parallelogram. 

The  connection  between  the  governor  and  the  engine  is 
effected  in  the  most  simple  manner  by  the  an-angement 
shown  in  Fig.  B.  The  position  of  the  lever  is  adjusted  for 
the  machine  standmg  still  (lowest  position)  and  for  the  no 
load  run,  with  the  admission  valve  open  as  wide  as  possible 
{highest  position),  and  then  the  stroke  /i,  is  determined  for 
the  point  of  application  a,  selected  for  driving  the  appa- 
ratus. The  weight  of  the  driving  lever  on  which  the  rolls 
for  the  driving  cord  are  fixed  is  determined  in  such  a  manner 
that  the  stroke  /(,  at  its  full  deflection  of  the  rod  a  be  equal 
to  the  stroke  }\;  the  apparatus  is  then  placed  close  to  the 
engine  in  such  a  manner  that  the  connecting  cord  m  should 
have,  as  far  as  possible,  no  lateral  motion,  while  the  appa- 
ratus passes  from  its  highest  to  the  lowest  position.  Special 
ai-rangements  are  made  only  on  account  of  the  local  condi- 
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tions,  as  when  the  cord  has  to  be  placed  iu  an  inclined  posi- 
tion or  with  the  possibility  of  lateral  motion. 

For  the  estimation  of  the  diagrams  obtained  with  this  load 
indicator,  it  is  essential  to  bear  in  mind  that  while  the  engine 
.stands  still  the  governor  is  in  its  lowest  position.  During 
stops,  therefore,  a  line  is  drawn  which  coincides  with  the 
line  of  maximum  output.  Fig.  C  gives  a  typical  diagTara  of 
operation  of  a  steam  engine  with  variable  load.  While  dur- 
ing the  period  from  8.30  to  9  and  from  12  to  1  o'clock  the 
engine  did  not  operate,  it  ran  before  6  o'clock  in  the  morn- 
ing and  also  after  6  o'clock  in  the  evening. 

Tlio  author  describes  several  tests  made  with  this  appa- 
ratus of  which  the  following  are  outlined  here:  During  the 
acceptance  trials  of  a  Diesel  engine  a  considerable  lack  of 
regularity  of  operation  had  been  observed.  The  test  of  the 
engines  by  means  of  a  tachograph  proved  impossible  on  ac- 
count of  lack  of  space.  An  ordinary  speed  indicator 
showed,  however,  variations  iu  the  speed  of  rotation  up  to 
15  per  cent.  With  the  load  indicator  described  in  this  ar- 
ticle, which  could  be  installed  without  internipting  the  oper- 
ation of  the  engine,  the  diagram  shown  in  Fig.  D  was  ob- 
tained. The  numbers  at  the  bottom  of  the  diagram  indicate 
hours;  the  plans  of  the  curve  show  the  lowest  positions  of 
the  governor,  either  standing  still  or  at  maximum  output  of 
the  engine,  while  the  lowest  points  of  the  curve  show  the 
engine  running  at  no  load.  The  engine  was  started  at  6.15, 
ran  for  a  few  minutes  without  load  and  then  on  load  rip  to 
C5.40,  during  which  time  the  governor,  as  well  as  the  speed 
of  the  engine,  showed  considerable  variation,  notwithstanding 
(lie  constant  load.  The  abnormal  variations  in  the  diagram 
clearly  show  this  lack  of  regularity.  In  order  to  eliminate 
llie  fault  iu  the  engine,  it  was  stopped  for  12  minutes;  the 
result,  however,  was  negative,  as  can  be  seen  from  the  dia- 
gram. At  7.18  the  engine  was  stopped  again  and  all  parts 
of  the  governor  investigated.  It  was  found  that  the  lever 
whicli  connected  the  governor  with  the  crude  oil  pump 
jammed  in  one  position.  After  this  fault  had  been  elimi- 
nated the  engine  ran  at  variable  load  without  further  trouble. 
The  points  on  the  load  curve  were  very  interesting  where 
a  second  Diesel  engine  was  switched  in  on  the  same  trans- 
mission line.  As  the  second  engine  was  set  for  too  small  a 
speed  of  rotation,  the  first  engine  had  to  drag  the  second  one 
after  it,  so  that  it  was  carrymg  an  adidtional  load  to  the 
extent  of  no-load  on  the  second  engine.  The  necessary  ad- 
.justment  of  the  second  engine  was  materially  facilitated  by 
tie  indications  of  the  speed  indicator.  The  article  is  not 
finished. 

Xew  Patents  in  the  Field  of  Boiler  Firing  (Xeiie 
Patetiie  anf  dem  Geblet  der  Dampfkesselfeuerung,  Pradel, 
Zeits.  fiir  Damjifke.'^scl  und  Maschinenhetrieh,  vol.  37,  no. 
42,  p.  469,  October  16,  1914,  article  not  finished,  d). 

The  article,  which  is  not  yet  finished,  gives  a  brief  ac- 
count of  new  patents  granted  in  Germany  for  inventions  in 
the  field  of  boiler  firing.  The  grate  designed  by  Pellegrino 
Fratelli  of  Turin,  Italy,  shown  in  Figs.  A,  B  and  C,  belongs 
to  the  class  of  grates  with  bars  having  longitudinal  freedom 
of  motion  and  automatic  advance  of  fuel.  In  the  neighbor- 
hood of  the  charging  hopper  in  the  new  grate,  instead  of 
former  steps,  the  bars  are  equipped  with  parts,  such  as  teeth, 
notches,  etc.,  on  each  separate  bar,  in  order  to  hold  the  lower 
layer  of  coal  during  firing.  In  this  way  the  front  limit  of 
the  firing  zone  is  not  allowed  to  shift  too  far  back.    As  shown 


in  Figs.  6  A  and  B,  the  bars  have  a  freedom  of  longitudinal 
motion  in  eitiier  direction  in  tliree  groups,  a,  b  and  c.  The 
bars  of  these  groups  are  placed  alternately  side  by  side,  and 
arc  located  on  cross-bars  d,  e  and  /  of  three  driving  frames, 
eaeli  of  the  frames  being  supplemented  by  a  T-bar.  In  their 
turn,  each  of  these  bars  is  provided  with  cams,  k,  I,  m,  the 
•purpo.se  of  whicli  is  to  drive  the  frames  and  consequently  the 
grate  bars  in  the  manner  desired,  from  a  driving  shaft  n. 
The  bars  in  the  proximity  of  the  hopper  are  provided  with  a 
ii umber  of  teeth,  so  as  to  maintain  a  uniform  combustion 
over  the  entire  surface  of  the  grate.  While  the  ordinary 
tra\'eling  grates  with  overlaid  grate  bars  can  move  forward 
and  backward,  these  two  motions  become  impossible  in  the 
case  of  traveling  grates  with  the  bars  rotatably  located  at  one 
end  and  suspended  at  the  other,  since  during  the  backward 
motion  of  the  bars  they  would  take  a  low  position,  providing 
they  succeeded  in  passing  under  the  scraper  at  o. 

Thermodynamics 

Specifk;  Heat  c„  of  Air  at  60  Deg.  Cent,  and  1  to  200 
Atjiospheres  Pressure  (Die  sjjesifische  Warme  c^  der  Luft 


Fig.  6     Pellegrino  Orate 

hei  60°  ('  und  1  his  200  at.,  L.  Hornborn  and  M.  Jakob. 
Zcits.  des  Vereines  deutscher  Ingenieure,  vol.  58,  no.  40,  p. 
1429.  October  3,  1914,  8  pp.,  16  figs.  eA).  The  numerous 
determinations  of  the  specific  heat  of  air  now  available 
apply  mainly  to  atmospheric  pressure,  while  for  higher  pres- 
sures there  are  only  a  few.  Regnault  was  the  first  to  de- 
termine the  relations  between  specific  heat  and  pressure  at 
average  temperatures  of  from  100  to  60  deg.  and  pressures 
between  1  and  13  atmospheres,  and  he  has  established  that 
the  variation  of  the  specific  heat  Cp  in  this  region  does  not 
exceed  the  error  of  observation  (1  per  cent  or  more).  On 
the  other  hand,  Lussana  has  found  that  when  the  region  of 
experimentation  has  extended  up  to  160  atmospheres,  specific 
heat  rises  rapidly  with  the  pressure.  C.  Linde  has  deter- 
mined the  increase  of  specific  heat  with  pressure  indirectly 
from  the  cooling  at  adiabatie  throttling  and  found  it  to  be 
much  smaller  than  Lussana.  The  determination  of  this 
specific  heat  from  isothermals  at  low  temperatures  made  by 
AVitkowski  has  also  given  only  a  slight  increase  in  the  values 
of  Cp  with  the  increase  of  pressure.  In  view  of  the  fact  that 
the  data  obtained  in  the  few  direct  measurements  of  Cp  at 
high  pressures  and  the  indirect  detenninations  of  this  mag- 
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iiitude  are  in  Hat  (-outradiilion,  the  State  Institution  of 
Engineering  Physics  (Germany)  has  undertaken  a  new  di- 
rect determination  of  Cp  at  the  average  temperature  of  60 
deg.  cent,  and  piessures  from  100  to  200  atuiosplieres.  As  a 
method  of  test,  the  well  known  process  of  continuous  flow 
was  selected.  The  gas  to  be  investigated  flows  in  a  uniform 
current  of  U  kg.  per  hour,  at  constant  pressure,  through  a' 
calorimeter  and  is  heated  electrically,  by  supplying  it  with 
an  amount  of  heat  Q  calories  per  hour,  from  the  temperature 
of  admission  <,  to  the  temperature  of  exit  f,.  If  during  this 
process  r  cal.  per  hour  are  lost,  then  the  specific  heat  c,,  is 
determined  from  the  equation, 

'I'he  loss  r  depends  in  this  case  only  upon  the  distribution 
of  temperature  along  the  surface  of  the  calorimeter.  If  it 
IS  always  maintained  equal,  but  at  different  tests  the  gas  is 
permitted  to  How  with  difl'crent  velocities,  then  the  amount  G 
varies  and  several  equations  are  obtained  from  which  the 
two  unknown  quantities  <■„  and  V  can  be  calculated.  For 
the  purpose  of  tests  only  large  air  currents  can  be  used,  as 
it  is  desired  that  too  mucli  influence  should  not  be  exerted 
by  the  conduction  of  lieat  in  the  pipes  which,  on  account  of 
high  pressures  used,  must  be  made  with  fairly  thick  walls. 
At  maximum  tlie  flow  of  air  amounted  to  nearly  44  kg. 
(96.8  lb.)  [X'r  liour.  Should  it  be  reduced  to  one-half  or 
one-quarter  of  this  value,  as  higher  precision  of  measure- 
ment becomes  desirable,  then  the  same  distribution  of  tem- 
perature along  the  surfaces  of  the  calorimeter  can  be  main- 
tained only  if  the  pipe  through  which  the  flow-  occurs  be  sur- 
rounded by  a  liquid  which  is  maintained  in  constant  circular 
flow  and  service  to  equalize  the  temperature  over  the  entire 
surface.  In  the  present  ease,  oil  was  used  as  such  a  liquid. 
The  air  entered  with  tlie  temperature  t,  of  about  20  deg. 
cent,  the  calorimeter  and,  through  heat  Q  supplied  by  two 
electric  heating  bodies,  was  heated  up  to  a  temperature  t.  = 
100  deg.  cent.  The  oil  was  also  maintained  at  this  tempera- 
lure.  In  order  to  make  the  loss  f  small,  the  entire  calorim- 
eter was  surrounded  by  a  jacket  through  which  steam  was 
lh)wing.  The  air  G,  which  was  allowed  to  expand  to  at- 
niosi)lieric  ])ressure  after  the  exit  from  the  calorimeter,  wa.s 
measured  by  means  of  a  gasometer. 

New  Experiments  o.v  the  '•Undercooling"  op  Satu- 
ir^TKu  Steam  Flowing  Out  of  Nozzles  {Neue  Versiiche 
iihcr  die  V nlerkiihlung  helm  Aicsfliiss  gesattigtem  Dampfes, 
i'rof.  A.  Stodola.  Schwcizerische  Bauzcitung,  vol.  64,  no.  15, 
p  168,  October  10,  1914,  3  pp.  eA).  In  a  previous  Lnvesfi- 
uation  the  author  found  that  when  initially  saturated  steam 
Hows  out  of  a  nozzle  or  similarly  acting  appliance  it  re- 
mains almost  perfectly  undercooled  during  the  expansion  up 
to  the  smallest  section  oP  the  device  tlu'ough  which  the  exit 
of  the  steam  is  effected.  In  the  case  of  a  nozzle  at  certain 
limits  of  saturation  there  occurs,  immediately  behind  the 
smallest  cross-section,  a  sudden  increase  of  condensation 
which  produces  a  rapid  fall  of  undercooling. 

Since  tlien  two  more  tests  have  been  conducted  for  the 
purpose  of  elucidating  this  particular  phenomenon.  As  has 
been  explained  before,  for  the  determination  of  the  state  of 
end  cooling  in  any  cross-section  it  is  necessary  to  know  the 
weight  of  steam  flowing  per  second  G,  absolute  pressure  p, 
cross-section  /,  and  velocity  of  flow  «'.  If  we  limit  our  in- 
vesti<ratioi!  to  flic  state  in  the  oid  cross-section  of  a   noz/.le, 


llie  velocity  of  steam  can  be  determined  in  the  best  way  by 
measuring  the  jet  reaction.  For  this  purpose  the  author 
used  the  device  suggested  by  Frederick  and  Kembel  or  that 
of  Christlein,  by  means  of  whicli  the  reaction  with  the  total 
capacity  of  about  10  kg.  could  be  determined  with  an  exact- 
ness of  5  gr.  At  tiie  end  of  the  nozzle,  however,  there  may 
])e  a  pressure  abo\'e  atmospheric  about  which  no  information 
is  given  by  the  reaction  measurement,  and  the  problem  is 
raised  of  devi.sing  methods  for  the  special  measurement  of 
reaction  at  such  a  relation  of  pressures  where  the  steam  in 
the  end  cross-section  expands  exactly  to  the  back  pressure  of 
the  surrounding  medium.  For  this  purpose  there  was  placed 
within  .'!  mm.  from  the  end  of  the  nozzle  a  brass  tube  with 
\\(ll  rounded  inward  edges  1  mm.  in  diameter,  and  the  pres- 
sure ui  it  observed  througli  a  properly  placed  branch  tube. 
The  pressure  at  the  end  of  the  nozzle  could  then  be  calculated 
analytically  with  sufficient  precision.  If  during  the  test  this 
pressure  be  considered  as  back  pressure,  then  the  measure- 
ment of  I'eacfion  would  indicate  the  desired  end  velocity, 
'i'he  nozzles  investigated  were  of  conical  shape,  and  had  at 
the  inlet  a  cuiTe  of  a  radius  equal  to  the  diameter  of  the 
smallest  cross-section. 

The  author  has  previously  shown  that  the  equation  of  con- 
tinuity makes  it  necessary  that  the  area  of  the  end  section 
be  inversely  proportional  to  the  amomit  of  undercooling. 
The  data  of  the  tests  are  given  in  Table  I.  The  figures  of 
Table  A  raise  a  question  how  it  may  happen  that  even  with 
perfect  condensation  the  actually  available  end  section  does 
not  appear  to  be  filled  up.  It  is  true  that  the  amount  lack- 
ing appears  to  be  very  small  (1.8  to  2.3  per  cent),  but,  con- 
sidering the  care  taken  in  the  measurements,  it  cannot  be  due 
to  errors  of  observation.  One  might  suppose  that,  while  the 
steam  is  saturated,  the  particles  of  water  are  superheated, 
and  that  there  is  therefore  no  uniform  temperature  level 
throughout  the  end  cross-section;  but,  in  order  that  a  con- 
tinuous state  be  maintained  the  temperature  of  the  water 
drops,  would  have  to  be  negative,  or  the  end  section  would 
not  be  filled  up.  There  must  be  some  other  explanation  of 
this  phenomenon,  therefore,  and  the  author  attempts  to  give 
it  in  the  following  lines. 

He  starts  with  the  investigation  of  what  he  calls  the  real 
equation  of  continuity.  As  a  rule  in  engineering  work,  a 
uniform  average  state  in  a  cross-section  and  an  average  \eloc- 
ity  are  presumed  to  exist.  Actually,  however,  even  in  straight 
luie  flow  only  the  pressure  can  be  considered  as  being  suf- 
ficiently uniform;  the  velocity  decreases  from  the  center  to 
the  walls,  while  the  specific  volume  increases  in  the  same 
direction  due  to  the  greater  heat  of  friction  developed  in  the 
neighborhood  of  the  walls.  Although,  according  to  Prandtl, 
the  main  work  of  friction  is  developed  within  a  thin  layer 
close  to  the  wall,  while  for  the  rest  of  the  section  a  nearly 
adiabatic  flow  may  be  assumed,  even  the  smallest  lack  of  uni- 
formity affects  tlie  equation  of  continuity  in  a  very  notice- 
able manner,  and  thereby  the  state  of  the  steam.  The  author 
I'roceeds  to  show  this.  To  do  it,  he  derives  a  series  of  equa- 
tions which  show  that,  in  the  case  of  a  "  two-dimensional  " 
How  the  linear  average  value  of  the  average  velocity  of  flow- 
does  not  agree  with  the  square  of  the  average  value.  Fur- 
ther, it  is  not  correct  to  add  the  losses  of  flow  to  the  average 
velocity-  of  flow-,  but  fortunately  the  error  due  to  this  fact 
does  not  exceed  1  per  cent.  The  experimental  work  done 
appears  to  permit  one  to  answer  with  a  considerable  degi-ee 
of  reliability  the  question  as  to  the  state  of  steam  at  the  end 
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of  the  nozzle.  It  appears  that  the  coudensation  at  the  end 
of  the  nozzle  does  not  reach  its  theoretical  value,  but  the 
undercooling  is  small,  and  inversely  proportional  to  the 
amount  of  expansion.  Further  measurements  could  have 
permitted  a  precise  formulation  of  the  law,  in  accordance 
with  which  occurs  the  decrease  along  the  axis  of  the  nozzle 
of  the  almost  perfect  undercooling  of  the  smallest  section, 
hut  the  outbreak  of  the  European  war  forced  tlie  author  to 
give  this  up  for  the  time  being. 

TABLE  1    TESTS  ON  UNDERCOOLING  OF  STEAM.    DATA  CONCERN- 
ING  THE  TEST   INSTALLATION 

Nozzle  1  Nozzle  2 

Smallest  diameter,   mm,  in. 12. 06/. 474  12.07/473 

End  diameter,  mm/in IS,,' ,  70S  25 .  12/ .  9S8 

Distance  between  the  smallest  and  the  end  sec- 
tion, mm/in. 150/5.90  150/5.90 

Absolute  initial  pressure,  pi  kg/qcm,,lb.  per  sq. 

in 8.13/126  11.15/15S.5 

Initial  temperature,  deg.  cent./fahr 174/345.2  197.5/387.5 

Absolute  initial  temperature,  deg.  cent 447  470.5 

Absolute  end  pressure  of  expansion,  p;  kg/qcm.  /lb. 

per  sq.  in 1.082/13.32  0  571/8,11 

Ratio  of  pressures,  pi  /p; 7 .  53  19 .  52 

Specific  initial  volume,  nu/kg,  cu.  ft.  per  lb.  n.  .  0.2440/3.29  0.1S72/2.9 

Weight  of  steam  per  second,  G.  kg/lb 0.1351/0.2972  0.1809/0.3979 

Coefficient  of  outflow  x  in  the  formula  G 2 .  044  2  .  046 

Jet  reaction  P.  kg 10.85  17.60 

Average  steam  velocity  at  nozzle  end.  m/sec,  ft. 

per  sec 787.7/2582  9.")4. 5/3131 

Initial  he.it  content.  WE/B.t.u.  per  lb 665.9/1198  675.5/1215 

Initial  entropy 1.6046  1.5929 

A.     Final  state  at  normal  expansion  and  theoretical  condensation 

Absolute  pressure,  kg/qcni,  lb.  per  sq.  in 1.082/15.32  0.571,/'8.11 

Adiabatic  heat  content.  WE,  B.t.u.  per  lb 582.6/1048  550.72/994 

Adiabatic  specific  amount  of  steam 0.8930  0.8613 

Adiabatic  heat  fall.  WE/B.t.u.  per  lb 83.28/150  118.3/213 

Loss  in  per  cent  of  adiabatic  fall,  per  cent —  11.05  8.00 
Heat  content  of  effective  final  state  at  theoretical 

condensation,  WE/B.t.u.  per  lb 591.8/1065  566.5/1019 

Corresponding  specific  amount  of  steam 0.9101  0.8782 

End  cross-section  as  per  equation  of  continuity, 

qcm.sq.  in.  /. 2,498/0.383  4.842/0,740 

Actual  end  cross-section  (cold)  f  qcm,  sq.  in. .  . .  2.545/0.3937  4.955/0.767 

Difference  in  per  cent,  f  — / 1 .  84  2 .  28 
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Birmi)i(jham  Meeting  (reported  from  Steel  and  Iron,  vol.  -IS, 
no.  44). 

Use  of  Turbines  for  Various  Purposes,  F.  G.  Cutler  (ab- 
stracted) 

The  Repair  Deijartment  of  the  Modern  Steel  Plant,  John 
Hulst 

Use  op  Turbines  for  Various  Purposes,  F.  Ct.  Cutler 
(3  pp.,  6  figs.,  de.).  The  paper  describes  the  application 
of  turbo-driven  equipment,  at  the  Ensley  Plant,  of  the 
Tennessee  Coal,  Iron  and  Railroad  Company.  The  author 
caUs  attention  to  the  great  reduction  of  power  costs  and 
savings  effected  by  improvements  in  machinery,  such  as  the 
installation  of  condensers  on  non-condensing  units  and  im- 
provements in  economy  by  the  installation  of  apparatus  of 
higher  efficiency,  such  as  low  or  mixed  pressure  turbines. 
At  the  Ensley  Plant,  7  years  ago,  there  were  se\en  boiler 
houses  and  two  electric  power  stations  of  a  total  rated 
capacity  of  1800  kw.  and  a  third  power  station  of  1800  kw. 
which  had  just  been  completed.  All  of  the  engines  operated 
were  non-condensing  and  no  power  was  supjilied  to  outside 
plants.     Later,  as  a  result  of  the  instaUatioii  i>f  low  pressure 


turbo-generators  with  condensers  and  cooling  towers,  and 
the  installation  of  low  pressure  turbo-blowers  with  con- 
densers and  cooling  towers  at  the  blast-furnace  blowing 
engine  house,  two  boiler  plants  could  have  been  dismantled 
entirely,  one  is  operated  only  occasionally  and  two  more 
at  the  steel  plant  are  operated  only  during  the  time  that 
the  mills  are  running.  At  the  same  time,  electric  power 
is  supplied  to  several  plants  in  the  neighborhood  and  to  a 
street  railway  line,  the  result  of  which  is  the  shutting  down 
of  several  boiler  plants  and  the  reduction  in  load  of  others. 
The  saving  in  coal  with  the  present  equipment  and  methods 
of  operating  over  the  former  practice  is  estimated  to  be  at 
the  rate  of  200,000  tons  per  annum.  In  one  of  the  power 
houses,  three  3000  kw.  generators  are  driven  by  mixed  pres- 
sure turbines  supiilied  with  exhaust  steam  through  five  re- 
generators, each  8  ft.  in  diameter  by  51  ft.  in  length,  from 
two  55  in.  by  66  in.  twin  reversing  engines.  The  capacity  of 
these  regenerators  is  sufficient  to  absorb  the  extreme  fluctu- 
ations in  the  steam  delivery  without  i-aising  the  back  pres- 
sure on  the  engines  over  approximately  4  lb.  At  another 
power-house,  three  Corliss  engines  drive  600  kw.  generators 
and  one  Corliss  engine  drives  a  2000  kw.  generator,  the  ex- 
haust .of  these  reciprocating  engines  being  connected  with  a 
3000  k.w.  mixed  pressure  turbine  without  the  regenerator, 
which  is  here  eliminated  on  account  of  the  relatively  steady 
load.  The  turbo-blower  equipment  is  operated  by  two  mixed 
pressure  turbo-blowers,  each  of  55,000  cu.  ft.  per  minute 
capacity.  One  of  these  turbo-blowers  was  originally  a  high 
pressure  turbine  driven  machine.  Fairly  complete  steam 
consumption  tests  have  been  made,  the  principle  data  of 
which  are  given  below.  In  these  tests,  the  actual  blast  de- 
livery was  taken  at  307.5  cu.  ft.  per  revolution,  the  inter- 
mediate h.p.  bemg  based  on  indicator  card  results.  The 
steam  consumption  of  2.09  lb.  from  100  cu.  ft.  of  actual 
blast  corresponds  to  18.5  lb.  per  indicated  h.p.h.  When 
operating  non-condensing  against  a  2  lb.  back  pressure,  the 
steam  consumption  per  100  cu.  ft.  of  blast  at  15  lb.  is  about 
3  lb.,  corresponding  to  a  gross  saving  of  30  per  cent  by  con- 
densing these  blower  engines. 

The  Tennessee  Company  was  the  first  in  this  country  to 
install  turbo-blowers  and  exhausters  in  by-product  work  and 
probably  the  first  anywhere  to  use  them  exclusively.  There 
is  a  peculiar  advantage  in  the  use  of  turbo  exhausters  in  the 
by-product  service  in  that  the  centrifugal  action  of  the 
l)lower  throws  out  the  small  particles  of  tar  fog  carried  with 
the  gas,  which  almost  eliminates  the  work  required  of  the 
tar  extractors  located  between  the  exhausters  and  the  satura- 
tors.  Of  the  total  tar  production  of  the  plant,  three  per  cent 
is  recovered  from  the  operation  of  the  turbo  exhausters. 
The  speed  and  delivery  of  both  exhausters  and  boosters  is 
controlled  by  a  float  attached  to  the  governor,  the  position 
of  this  float  l)eing  determined  by  the  suction  ]iressure. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Vol.  40,  no.  8,  October  1914. 

Fundamental  Principles  of  Public  Utility  Valuation,  John 

W.  Alvord 
The  Valuation  of  Public  Utility  Property,  J.  H.  Gandolfo 
Investigation  of  the  Perfoniianco  of  a  Reaction  Turbine,  R. 

L.  Daugherty  (abstracted) 
The  Differential  Surge  Tank,  Raymond  D.  Johnson 
Penstock  and  Surge-Tank  Problems,  Minton  M.  Warren 

Investigation  of  the  Performance  of  a  Reaction  Tur- 
bine, R.  L.  Daugherty  (18  pp.,  12  figs.     eA).     This  article 
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describes  a  careful  and  accurate  test  of  a  550  h.p.  reaction 
turbine  recently  installed  at  Cornell  Universitj',  in  which,  in 
addition  to  the  regular  load  test  at  constant  speed,  the  torque, 
head  and  discharge  were  measured  at  zero  speed  and  i-ead- 
ings  were  also  taken  of  speed,  head  and  discharge  under  no 
load  so  as  to  obtain,  approximately,  a  complete  character- 
istic curve  for  the  turbine.  The  turbine  selected  was  rated 
at  550  h.p.,  at  COO  r.p.m.  under  a  head  of  142  ft.,  had  a 
runner  27  in.  in  diameter  and  was  directly  connected  with 
a  450  kva.,  2300  v.,  3-phase  60-cycle  alternator.  The  arti- 
cle describes  in  detail  the  method  of  estimating  the  head  in 
a  turbine  test,  which  is  a  matter  of  agreement  in  any  case. 
The  rate  of  discharge  was  measured  with  a  sup])ressed  weir 
in  the  tail  race  and  was  computed  by  the  modified  Francis 
formula : 


=  3.33  L 


(''-^y 


Where  q  =  cu.  ft.  per  second;  L  the  length  of  crest,  in  ft.; 
H  the  head  on  weir,  in  ft.,  and  v,  the  velocity  of  approach 
in  ft.  per  second.  If  the  velocity  of  approach  is  uniform 
over  the  entire  cross-section  of  the  channel,  tliis  formula  is 
i-easonablj'  correct.  In  other  eases,  the  actual  velocity  near 
the  surface  is  much  greater  than  the  mean  velocity,  and  then 
the  effective  velocity  head  is  greater  than  that  determined 
from  the  mean  velocity.  In  the  test,  runs  were  made  under 
various  loads  at  the  constant  speed  of  600  r.p.m.  The  tur- 
bine was  also  held  from  rotating  and  the  torque  at  various 
gate  openings  was  measured  by  a  system  of  levers  and  stand- 
ard weights.  In  addition,  the  turbine  was  permitted  to  turn 
at  runaway  speed,  the  only  load  on  it  being  the  friction  and 
windage  of  the  generator.  In  order  to  determine  fully  the 
characteristics  of  a  turbine,  however,  it  is  necessary  to  test 
it  a  little  above  or  below  normal  speed  at  various  gate  open- 
ings under  several  relations  of  speed  to  head.  In  the  test 
under  discussion,  the  head  was  throttled  down  by  the  gate 
valve  to  about  two-thirds  of  its  normal  value  and  the  load 
run  was  made  under  the  regular  speed  of  600  r.p.m.  Values 
of  the  ratio  of  speed  to  head  were  obtained  higher  than  nor- 
mal. 

The  relations  between  torque  and  speed  or  discharge  and 
speed  as  shown  by  the  curves  in  the  article,  are  not  a  straiglit 
run  but  on  a  suitable  scale  may  be  represented  as  a  fairly 
flat  curve.  From  the  curves  showing  the  relation  between  the 
torque  and  speed  or  discharge  and  speed,  the  efficiency  may- 
be conij)uted  at  any  intermediate  point  and  if  these  are  the 
characteristics,  curves  may  be  constructed  covering  every 
possible  condition  under  which  the  turbine  may  operate.  The 
results  are  given  in  the  form  of  tables  and  curves. 
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Journal,  vol.  J,  nos.  1  and  3,  April  and  October  1914, 
Washington,  D.  C. 

April,  1914,  No.  1 

U.  S.  Submarine  Tender  "  Fulton,"  D.  R.  Battles 

Relation  of  Length  and  Displacement  to  Indicated  Horse 
Power,  F.  P.  Knowles 

Determination  of  the  Sag  of  a  Suspended  Wire,  L.  H. 
Kenney  (abstracted) 

October  1911,  No.  3 

Designing  Modem  Marine  Machinery,  Luther  D.  Lovekin 

The  Industrial  Organization  of  Our  Navy  Yards,  Elhott 
Snow 

Steam  Pipe  Velocities  for  Turbines,  W.  B.  Robins  (ab- 
stracted) 


Experiments  to  Determine  the  Sag  op  a  Suspended 
Wire,  L.  H.  Kenney  (3  pp.,  1  fig.,  i  chart,  ep).  The  article 
describes  experiments  made  at  the  Philadelphia  Navy  Yard 
to  determine  the  sag  of  a  suspended  wire.  Tiieir  purpose 
was  to  determine  the  amount  of  correction  necessary  in  the 
formula  for  the  sag  of  the  wire  and  tliey  describe  in  detail 
the  apparatus  used.  The  mam  element  was  a  narrow  tank 
about  170  ft.  long,  constructed  for  this  purpose.  The  ten- 
sile strength  of  the  wire  was  tii-st  determined  and  the  wire 
was  stressed  during  the  experiment  slightly  below  the  elastic 
limit,  so  that  it  would  not  be  stretched  and  so  that  no  errors 
would  be  introduced  in  this  way.  Tlie  standard  level  for 
the  test  was  gaged  from  the  water  level  in  tiie  tank  and  as 
there  was  an  evaporation  loss  which  appreciably  lowered 
the  water  level,  provision  for  replenishing  the  water  was 
made  by  placing  three  reservoirs  along  tlie  sides  of  the 
tank.  The  data  obtained  from  the  experiment  were  plotted 
and  the  formula  of  the  catenary  was  first  applied  to  the  re- 
sult, but  it  was  found  that  the  curves  did  not  conform  to 
the  formula.  Then  the  formula  of  the  parabola  Y-  —  '2px 
was  applied  and  the  curves  were  found  to  correspond  to  it, 
which  was  very  fortunate  since  it  was  a  comparatively  sim- 
ple matter  to  compute  the  sag  for  any  desired  distance  from 
either  end  of  support.  The  article  gives  a  graphic  method 
for  obtaining  all  deflections  from  one  curve,  as  well  as  the 
curve  of  deflection  of  wire  for  alignment  of  shafting. 

Steam  Pipe  Velocities  for  Turbines,  W.  B.  Robins  (2 
pp.,  dp).  The  article  gives  data  on  steam  pipe  velocities 
for  turbines  with  data  of  steam  velocities  in  feet  per  min- 
ute on  United  States  destroyers  and  battle  ships : 


Type  of 

Per  cent  of 
full  power 

Steam  per 

S.  H.  P.  per 

hour 

Steam  Velocity  in  Feet 
per  Minute 

Vessel 

In  branch 

from  each 

boiler  in- 

use 

la  steam  pipe 
to  first  tur- 
bine of  series 
in  use 

T.  B.  Destroyer 

100 
54 
11 

14.7 
13.3 
26.6 

5200 
2560 
2330 

6090 
6825 
7910 

T.  B.  Destroyer 

100 
41 

8 

12.5 
14.7 
21.5 

7040 
4490 
4380 

8245 
11650 
7375 

T.  B.  Destroyer 

100 
54 
11 

14.2 
14.7 
23.3 

6025 
4390 
4365 

6300 
9925 
7420 

T.  B.  Destroyer 

100 
56 
11 

14.2 
14.7 
23  0 

5900 
3390 
4315 

6165 

10210 

7330 

T.  B.  Destroyer 

100 
53 
10 

14.0 
13.8 
22.5 

6215 
4290 
4310 

6500 
9690 
7320 

T.  B.  Destroyer 

100 
55 

12 

14.1 
15.0 
22.5 

5810 
3320 
2215 

6075 
8830 
7550 

T.  B.  Destroyer 

100  . 
53 

U 

15.7 
16  7 
25  6 

5740 
3225 
2110 

6010 
8575 
7170 

Average  at  fuU 

power 

14.2 

5990 

6484    . 

Battleship 

100 
52 

12 

13.2 
14.2 
20  4 

5740 
3230 
3890 

6680 
3760 
1294 

Battleship 

100 
63 

15 

15.0 
15.3 
25.2 

7200 
4610 
3605 

5915 
7570 
5925 

Battleship 

100 
66 
17 

14.4 
15.1 
23.6 

8350 
5660 
3370 

6870 
9300 
7380 

Average  at  full  power 
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BRITISH   ASSOCIATION 

Teiiperatuke  Cycles  ix  Heat  Engines,  Professor  F.  G. 
Coker  and  W.  A.  Scoble.  The  following  abstract  of  the 
paper  in  Section  G  of  the  British  Association  in  Australia 
has  been  taken  from  Gas  and  Oil  Power,  September  3,  1914, 
page  272,  as  copies  of  the  original  paper  are  not  yet  avail- 
able. 

Experimental  investigations  of  the  cyclical  variations  of 
heat-engines  and  heat-pumps  have  received  much  attention, 
and  numerous  methods  and  instruments  have  been  devised 
to  give  records  of  their  cyclical  changes,  such  as  those  of 
pressure  and  volume  of  the  working  fluid,  changes  of  angu- 
lar velocity  of  the  crankshaft,  and  the  like.  Temperature 
changes  in  the  working  iiuid  may  usually  be  inferred  very 
accurately  from  the  pressures  recorded  on  an  indicator  dia- 
gram, since  there  is  usually  a  definite  relation  between  pres- 
sure and  temperature  of  a  vapor  as,  for  example,  in  heat- 
engines  using  steam  direct  from  a  boiler  without  the  inter- 
vention of  a  superheater.  In  otiier  heat-engines,  such  as 
those  using  superheated  fluids,  and  also  those  of  the  internal- 
combustion  type,  the  temperature  is  more  difficult  to  deter- 
mine, and  it  becomes  important  to  measure  it  directly.  Plat- 
inum resistance  thermometers  and  thermo-electric  couples 
have  been  frequently  employed  for  measuring  cyclical 
changes  of  temperature  in  heat-engines,  and  a  complete  rec- 
ord from  point  to  point  of  a  cycle  may  be  obtained  if  the 
engine  is  working  with  absolute  uniformity.  As  it  is  usu- 
ally impossible  to  prevent  some  amount  of  variation  in  the 
working  of  the  engine  while  the  measurements  are  in  prog- 
ress, the  resulting  curve  is  a  composite  one,  since  each  meas- 
urement corresponds  to  a  different  temperature. 

The  possibility  of  obtaining  an  instantaneous  automatic 
record  with  an  ELnthoven  type  of  galvanometer,  was  consid- 
ered in  our  early  experiments  on  the  cyclical  variations  of 
temperature  of  the  working  fluid  of  a  gas-engine,  and  in 
the  waUs  of  the  cyUnder,  but  the  difficulties  then  appeared 
to  be  so  great  that  a  potentiometer  balance  method  was  used 
instead.  Recently,  by  the  kindness  of  the  Cambridge  Scien- 
tific Instrument  Company,  we  have  been  able  to  make  ex- 
periments with  their  latest  form  of  short-period  Einthoven 
galvanometer,  and  this  has  enabled  us  to  obtain  instantane- 
ous records  of  the  temperature-cycles  of  the  working  fluid 
of  steam  and  gas-engines,  and  also  the  variations  of  tem- 
perature in  the  walls.  Some  of  these  photographic  records 
are  shown,  and  their  detailed  characteristics  are  considered 
in  the  paper.  They  confirm  the  general  accuracy  of  our 
fonner  measurements  on  cyclical  variations  of  temperature 
in  a  gas-engine  cylinder,  and  also  show  some  new  features 
due  to  variations  from  stroke  to  stroke  caused  by  misfires 
and  the  like. 

Seventh  Report  of  the  Gaseous  Explosions  Cojimit- 
lEE.  The  Seventh  G-aseous  Explosions  Report  presented  by 
the  Gaseous  Explosion  Committee  of  the  British  Association 
at  its  recent  meeting  in  Australia  is  reported  here  from  the 
Gns  and  Oil  Power  of  September  .3,  191.3,  page  274,  as  the 
official  text  of  the  report  is  not  yet  available.  One  of  the 
problems  requiring  solution  was  the  direct  measurement  of 
temperature  of  the  working  agent  in  the  cylinder  while  the 
engine  was  running  under  ordinary  working  conditions.  The 
difficulty  of  making  these  measurements  arises  from  the  fact 
that  durins'  the  explosion  of  tlie  charge  in  the  engine  cyl- 
inder, the  temperature  is  sometimes  higher  than  that  of  the 


melting  point  of  the  platinum  coupling,  which  can  be  put 
in  the  cylinder  U>  make  the  measurement.  Professors  Cal- 
lendar  and  Dalby  have  devised  a  method  shown  in  the  article 
which  enables  direct  observation  of  the  suction  temperature 
tc  be  made  if  the  engine  is  working  not  only  under  normal 
conditions,  but  under  special  conditions.  During  the  work, 
the  richest  possible  mixture  is  used  and  the  temperature 
reached  at  its  closure  is  considerably  higher  than  that  oc- 
curring in  practice.  The  main  elements  of  this  apparatus 
are  a  platinum  thermometer  exposed  in  the  cylinder  and 
connected  with  a  Wheatstone  bridge,  and  a  galvanometer 
on  which  the  indications  are  received;  the  circuit  is  made  by 
a  contact  maker  on  the  crank  shaft,  when  the  crank  passes 
through  an  assigned  crank  angle,  and  broken  by  the  contact 
maker,  when  the  crank  passes  through  the  second  assigned 
crank  angle,  a  little  greater  than  the  first,  so  that  the  thermo- 
metric  measuring  device  is  in  operation  during  5  deg.,  10 
deg.  and  15  deg.,  as  the  case  may  be.  In  this  way,  the  time 
between  the  making  and  breaking  may  be  adjusted  with  ac- 
curacy. The  temperature  is  measured  therefore  during  a 
particular  crank  angle  determined  by  the  setting  of  the  con- 
tact maker. 

In  this  manner  tlie  mean  temperature  over  the  small  crank 
angle  can  be  measured  at  any  point  in  the  cycle,  except  only 
during  the  period  of  explosion  when  the  thermometer  is 
withdrawn  from  the  cylinder.  It  is,  however,  genei-ally  de- 
sirable to  measure  the  temperature  at  the  point  on  the  cycle 
where  the  rate  of  change  of  temperature  is  at  a  minimum. 
This  point  occurs  just  after  the  closing  of  the  suction  valve. 
The  great  advantage  of  making  the  measurement  at  this 
point  is  that  the  thermometer  is  exposed  to  the  incoming 
charge  during  the  whole  of  the  suction  stroke,  and  there- 
fore the  thermometer  valve  tends  to  assume  the  temperature 
of  the  charge.  Consequently,  the  temperature  which  the 
small  wire  is  set  to  measure  does  not  differ  greatly  from  the 
temperature  of  the  metal  in  which  it  is  mounted,  winch 
tends  to  minimize  the  errors  of  measurement.  Elsewhere,  the 
rate  of  change  of  temperature  is  greater  and  the  error  of 
measurement  likely  to  be  greater,  owing  to  the  lag  of  the 
thermometer.  Wliile,  for  example,  on  the  expansion  stroke, 
the  temperature  may  vary  as  much  as  150  deg.  during  the 
movement  of  the  piston  through  one-tenth  of  the  stroke,  just 
after  tlie  closing  of  the  suction  valve  the  variation  of  the 
temperature  during  a  similar  part  of  the  stroke  is  only  about 
20  deg. 

From  the  temperature  at  one  point  in  the  cycle,  that  at 
any  other  point  may  be  calculated  by  using  the  charge  itself 
as  the  thermometric  agent  for  which  it  is  only  necessary  to 
take  an  indicator  diagram  at  the  time  of  measuring  the 
temperature.  To  make  this  method  give  good  results,  how- 
ever, it  is  necessary  to  have  accurate  indicator  diagrams 
from  which  to  measure  the  pressure  and  volume,  and  this 
leads  to  the  development  of  an  optical  indicator. 

The  second  method  of  measuring  the  temperature  of  the 
charge  in  the  cylinder  is  by  means  of  a  couple  and  has  been 
developed  by  Professor  Coker  and  Mr.  Scoble  at  the  Tech- 
nical College  in  Finsburj-.  It  was  found  that  alloys  of 
platinum,  rhodium  and  iridium  were  able  to  withstand  the 
temperature  of  explosion  near  the  walls  of  the  cylinder  for 
some  hours  and  often  days.  Any  thermo-couples,  0.0005  to 
0.0008  in.  thick,  would  do,  provided  the  engine  was  not 
overloaded.  The  actual  temperature  measurement  is  then 
made  bv  observing  the   change   in   the   electro-motive   force 
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produced  in  this  couple  by  a  ciiange  iu  temperature.  Tiie 
report  describes  a  bridge  which  permits  measuring  with 
great  accuracy  tiie  small  changes  in  the  eketro-motive  force 
produced  by  a  couple  of  this  kind. 

Measurements  of  suction  temperature  were  made  at  the 
City  and  Guilds  Engineering  College  on  a  Crossley  gas 
engine  with  the  cylinder  7  in.  in  diameter,  14  in.  stroke  and 
with  the  compression  ratio  of  4.8,  the  object  of  the  experi- 
ment being  to  show  how  the  suction  temperature  varies  with 
the  speed,  the  jacket  temperature  and  the  mixture. 
The  report  also  contains  a  discussion  of  the  first  law  of 
thermodynamics  and  the  quantity  necessarj-  to  apply,  to  de- 
termine the  heat  lost  and  gained  by  the  working  charge  dur- 
ing the  change  of  state.  The  aim  of  the  Committee  was  to 
ascertain  the  true  value  of  the  specific  heat  at  constaiit 
volume,  Kv,  or  in  other  words,  to  ascertain  the  relation  be- 
tween the  integral  energy  of  the  gas  and  minimum  tempera- 
ture. A  relation  was  obtained  expressing  the  characteristic 
equation  for  gases  independently  of  the  specific  heat  of  the 
gases  concerned.  It  applies  to  all  positions  of  the  set  point 
in  the  PV  diagram,  providing  the  two  following  conditions 
are  satisfied :  viz.,  that  there  is  no  change  in  the  density  of 
the  gases  such  as  may  be  produced  by  some  change  in  its 
chemical  constitution,  and  further  that  the  weight  of  the 
working  agent  during  the  change  of  state  is  constant.  Pro- 
viding, therefore,  that  these  conditions  are  not  violated  dur- 
ing the  change  of  state,  it  is  possible  by  means  of  the  tem- 
perature corresponding  to  at  least  one  position  of  the  set 
point  in  the  diagram,  and  the  characteristic  equation  for 
gases,  to  calculate  the  temperature  corresponding  to  any 
other  position  of  the  set  point  in  the  diagram. 

CENTRAL   RAILWAY  CLUB 

Froceedinys ,  vol.  22,  no.  4,  September  1914,  New  Yorl,-  City. 

Locomotive  Arch  Brick,  George  Wagstaflf  (24  pp.,  G  figs. 
dp.).  The  article  is  devoted  to  the  discussion  of  the  locomo- 
tive arch  bz-ick.  It  takes  up  the  whole  subject  from  the  clays 
used  in  the  manufacture  of  the  brick  up  to  the  formation 
of  the  arch  brick,  its  moulding,  drying  and  baking. 

It  is  estimated  that  tliere  are  at  the  present  time  in  the 
United  States  and  Canada,  about  30,000  engines  equipped 
with  fire  brick  arches,  the  majority  having  tube  supported 
arches;  between  7,000  and  8,000  are  stud  supported  arches; 
about  3,000  oil  burners  and  a  small  number  have  the  Gaines 
combustion  chamber.  The  latter  apparently  has  quite  a 
promising  futui'e. 

The  author  discusses  several  questions  often  raised  by  lo- 
comotive engineers,  such  as  the  responsibility  of  the  arches 
for  the  cinder  banking  on  them;  the  space  necessary  between 
arch  and  flue  sheet;  the  influence  of  arches  on  the  leaks  and 
ground  bolts  and  the  question  of  arch  tubes.  In  the  discus- 
sion which  follows,  the  question  of  cinder  banking,  espe- 
cially as  alfected  by  the  design  of  the  front  end  of  the  arch, 
has  received  a  good  deal  of  attention  and  data  of  tests  of  en- 
gines equipped  with  brick  arches  and  those  not  so  equipped, 
have  been  presented. 

FRANKLIN   INSTITUTE 

Jo^irnal,  vol.  17S,  no.  5,  November  1914,  Philadelphia,  Pa^ 

Internal  Stresses  in  Heat-Treated  Axles,  H.  V.  Wille  (ab- 
stracted ) 
Progress  in  Industrial  Fellowships,  Raymond  F.  Bacon 
Internal  Stresses  in  Heat-Treated  Axles,  H.  Y.  Wille 


(28  pp.,  12  pp.,  et).  The  article  describes  a  series  of  experi- 
ments conducted  upon  two  10  in.  driving  axles  about  6  ft. 
long,  for  the  purpose  of  determining  the  internal  stresses 
in  forgings  after  heat  treatment.  The  axles  were  hollow 
bored  with  a  3  in.  hole  and  were  heated  to  1500  deg.  fahr., 
quenched  in  oil  and  then  immediately  removed  to  an  anneal- 
ing furnace  and  annealed  at  1200  deg.  The  object  of  the 
tests  was  to  determine  the  magnitude  of  stresses  in  the  axles 
due  to  heat  treatment.  The  axles  were  made  of  open  hearth 
0.50  per  cent  carbon  steel  with  0.037  phosphorus  and  0.038 
sulphur;  elastic  limit  54,000  lb.  and  tensile  strength  88,500 
lb.  They  were  made  from  blooms  of  the  same  size  and  given 
the  same  reduction  and  number  of  heats  in  forging.  Both 
were  treated  to  the  same  temperature  for  quenching  and 
drawing  back  and  were  held  in  the  furnace  the  same  length 
of  time  for  these  operations.  Both  were  quenched  in  the 
same  oil  tank,  the  difference  in  treatment  being  the  method 
oi'  quenching,  as  one  axle  was  lowered  horizontally  and  the 
other  vertically  into  the  oil.  Each  axle  was  cut  in  half  at 
the  works  ol'  the  manufacturer  after  heat  treatment,  one 
half  being  made  into  tensile  test  specimens  and  the  other 
half  reserved  for  these  experiments.  Strains  were  obtained 
by  carefully  measuring  the  specimens  before  and  after  their 
removal  from  the  axles.  The  stresses  were  calculated  from 
the  measured  strains.  Two  methods,  (a)  and  (6),  were  used 
to  obtain  the  strains. 

Method  {(I),  which  was  used  at  the  Watertown  arsenal 
some  years  ago  by  the  U.  S.  A.  Ordnance  Department  for 
the  determination  of  strains  in  gun  forging,  is  as  follows: 
concentric  rings  were  removed  from  the  forgings  and  their 
diameters  and  thicknesses  measured  at  several  points  before 
iUid  after  remo\al.  From  the  diameters  and  thicknesses  of 
the  attached  rings  the  mean  diameter  could  be  found  and 
similarly  after  remo\al  from  the  axle  their  mean  diameter 
is  again  found  and  from  the  difference  between  these  re- 
sults, assuming  that  the  rings  remained  circular,  the  strains 
and  stresses  were  calculated.  Generally,  the  mean  diameters 
of  the  rings  were  found  to  be  larger  after  removal  than  be- 
fore, but  in  a  number  of  cases  this  was  not  true,  indicating 
that  the  ring  did  not  remain  circular  but  assumed  some 
shape  which  it  was  not  possible  to  follow  from  the  measure- 
ments of  diameters. 

Method  (&)  :  A  measurement  of  changes  in  length  of 
specimens  was  made  by  meaus  of  a  comparator,  the  measure- 
ment beuig  done  in  this  case  bj-  measuring  the  small  ciianges 
HI  leugtii  by  means  of  a  microscope  and  the  ''  standard  of 
comparison."  The  measurement  of  a  straight  specimen  un- 
der this  method  is  as  follow  s :  specimens  were  laid  out  on  a 
smocjthly  finished  surface,  and  marks  by  means  of  a  veiy 
fine  scriber  were  made  along  the  ends  of  a  hardened  steel 
scale  of  a  definite  length.  Then  a  standard  of  comparison, 
slightly  shorter  than  the  steel  scale  and  made  of  the  same 
material  as  the  specimen  to  be  measured  and  shaped,  was 
placed  between  the  marks  on  the  specimen.  A  microscope 
with  Filai-  micrometer  attachment  was  focused  on  the  end  of 
the  specimen  and  the  distance  between  each  end  of  the  stand- 
ard of  comparison  and  the  marks  on  the  test  piece  was  meas- 
ured before  the  specimen  was  cut  oft'.  In  addition  to  the 
marks,  perpendicularly  to  the  axis  of  the  specimen,  a  line 
was  drawn  parallel  to  the  axis,  there  being  also  longitudinal 
marks  on  the  ends  of  the  standard  of  comparison  which,  in 
measuring,  were  placed  on  the  longitudinal  line  of  the  speci- 
men in  order  to  have  it  always   in   the  same  position   with 
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respect  to  the  axis  of  the  specimen  to  be  measured.  The 
lengtli  meiisuremeiit  was  lepeated  after  the  specimen  was  re- 
moved. The  lengtli  of  the  standard  of  comparison  must  of 
course  be  the  same  in  each  measurement  and  for  this  reason 
the  standard  should  be  made  of  the  same  material  as  the  bar 
to  be  measured  in  order  to  avoid  complications  due  to  differ- 
ences in  temperature.  The  stresses  in  specimens  are  never 
distributed  entirely  symmetrically  in  the  test  specimens  and 
this  may  cause  the  specimen  to  bend,  in  which  case  the  meas- 
urement at  the  removal  of  the  piece  would  not  be  entirely 
accurate  unless  means  were  taken  to  keep  the  specimen 
straight.  In  the  )iresent  e.\|iernnent.  however,  l)en(iing  was 
noticed  only  in  the  longitudinal  pieces  cut  from  tlie  inside  of 
each  axle  where  the  results  lia\'e  been  c(jrrectcd  tor  tins  con- 
dition. 

The  author  describes  in  detail  tlie  process  of  tlie  removal 
of  specimens:  the  calibration  of  the  Filar  micrometer,  and 
the  calculation  of  strains.  The  results  are  given  in  the  form 
of  tables  and  curves.  The  average  of  the  strains  calculated 
show  that  in  the  case  of  rings,  stresses  produced  by  hori- 
zontal immersion  are  invariably  higher  than  those  produced 
by  vertical  immersion,  the  difference  being  approximately 
lU  to  15  per  cent.  In  the  case  of  stresses  in  longitudinal 
specimens,  the  stresses  produced  in  the  axles  by  horizontal 
immersion  are  considerably  greater  than  those  jiroduced  in 
vertical  immersion  for  compression,  but  very  much  less  in 
tension.  Further,  with  the  vertically  quenched  axle,  the 
stresses  are  maximum  near  the  outside  surface  and  near  the 
surface  of  the  center  hole,  and  minimum  half  way  between 
these  two  points,  while  with  the  horizontal  quenched  axle,  the 
stresses  do  not  tend  to  rise  to  so  high  a  maximum  near  the 
center  hole.  In  regard  to  the  internal  stresses  released  in  ra- 
dial specimens,  the  plot  shows  that  one  side  of  the  section 
of  the  axle  immersed  in  quenching  horizontally  is  in  tension 
and  the  balance  in  compression  whereas  the  stresses  in  the 
axle  immersed  vertically  are  compressive  throughout  the  en- 
tii'e  section. 

In  general,  the  author  lonnd  that  the  method  (a)  does  not 
furnish  the  desired  results  as  only  relative  values  of  the 
mean  stresses  in  concentric  rings  can  be  obtained  and  the 
difference  in  stresses  in  the  various  parts  of  the  rings  are 
not  shown.  The  stress  on  different  points  of  concentric  rings 
is  generally  considerable  and  the  influence  of  quenching  in 
the  vertically  quenched  axle  is  much  greater  than  in  the  hori- 
zontally quenched  axle.  Heat  treatment  a]iparently  has  a 
unich  greater  effect  u])on  the  vertically  quenched  than  upon 
the  horizontally  quenched  axle,  the  stresses  being  greater  and 
apparently  somewhat  more  evenly  distributed  in  the  former 
than  in  the  latter.  It  is  very  possible  and  probable  that  the 
stresses  are  distributed  more  or  less  unsymmetrically 
throughout  the  length  of  the  axle  with  resi^ect  to  a  plane 
perpendicular  to  the  axis  in  the  vertically  quenched  axle  and 
with  respect  to  the  axis  itself  in  the  case  of  the  horizontally 
quenched  axle.  In  order  to  investigate  this,  it  would  be  nec- 
essary to  take  specimens  from  both  ends  and  the  middle  of 
the  axle. 

INSTITUTION  OF  MECHANICAL  ENGINEERS 

Journal,  No.  2,  October  1914,  London. 

The  Discharge  of  Steam  Through  Nozzles,  Dr.  W.  E.  Fisher 

(abstracted) 
The  Theory  of  the  Flow  of  Gases  Through  Nozzles,  J.  G. 

Stewart   (will  be  abstracted  in  a  future  issue) 


Advance  Paper  E  (read  on  October  16,  1914) 
Report  of  the  Refrigeration  Research  Committee  (ab- 
stracted) 
The  DiscH.uiiiii  ov  Steam  Through  Nozzles,  Dr.  "William 
E.  P'isher  (19  jip.,  11  figs.  teA).  The  present  article  is  the 
■  second  ))art  (if  the  paper  on  the  discharge  of  steam  through 
nozzles.  It  describes  experiments  which  had  for  their  ob- 
ject the  measurement  of  the  actual  discharge  from  nozzles 
when  the  supply  pressure  was  kept  constant  and  the  back 
pressure  varied.  Slightly  superheated  steam  was  employed, 
\ery  nearly  constant  in  temperature.  The  article  describes 
the  arrangement  of  apparatus.  The  nozzles  at  the  smallest 
section  had  the  diameter  of  ^i  in.  The  results  are  given 
in  the  form  of  curves  showing  the  discharges  measured,  and 
tables  giving  the  figures  for  the  discharges  and  also  for  the 
temperatuie  of  the  steam  supplied.  The  discharge  became 
less  when  hotter  steam  was  used.  With  divergent  nozzles 
(Fig.  7  "  a  ")  the  discharge  remained  practically  at  its  maxi- 
nunn  value  until  the  back  pressure  was  increased  to  about 
0.8  of  the  sujjply  pressure,  or  172  lb.  per  sq.  in.  absolute. 
When  the  supply  pressure  was  110  lb.  per  sq.  in.,  the  back 
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pressure  was  raisetl  to  0.9  oi  the  supply  pressure  before  the 
discharge  fell  away  to  any  considerable  extent.  Similar 
results  were  obtained  with  nozzle  "  h  ''  having  a  1  in  10 
taper  outlet  and  abrupt  inlet.  The  vertical  discharge  as 
calculated  from  the  tables  of  Marks  and  Davis  was  42.5  lb. 
per  hour,  and  this  was  almost  exactly  the  measured  value  ob- 
tained when  using  the  nozzle  "  «.''  The  coefficient  of  dis- 
charge was  therefore  unity.  With  sharp  edged  orifices 
•'  c  "  and  "  d  "  the  euiwes  are  somewhat  irregular. 

In  tests  with  nozzle  "  rf."  which  had  no  wire  edge,  the  dis- 
charge, as  is  usual  with  sharp  edged  orifices,  varied  con- 
tmuously  witli  the  back  ]iressure,  but  there  is  a  point  at 
which  the  rate  of  variation  of  the  discharge  changes  sud- 
denly. It  seems  fair  to  assume  that  this  value  of  the  back 
pressure  is  the  critical  or  throat  pressure,  since  there  is  no 
chance  of  the  overexpansion  and  recompression  which  takes 
place  in  nozzles.  In  nozzles  without  diverging  parts  (''  e  "  and 
"  /  ")  the  discharge  was  constant  for  low  back  pressure  and 
began  to  fall  away  gradually  at  a  certain  point,  but  without 
discontinuity.  With  nozzle  "  e "  (without  parallel  part) 
the  first  lowering  of  the  discharge  took  place  at  a  pressure 
of  about  83  lb.  per  sq.  in.,  or  0.48  of  the  supply  pressure. 
With  nozzle  "  /,"  the  short  parallel  portion  caused  the  pomt 
of  change  to  rise  to  100  lb.  per  sq.  in.,  or  0.58  of  the  supply 
pressure.  It  ajipears  that  even  in  this  short  length,  steam 
recompression  takes  place. 

The  above  experiments  indicate  that  the  critical  pressure 
is  in  all  cases  lower  than  the  theoretical  value  which  can  be 
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caused  by  a  steepening  of  the  expansion  line  (on  the  pres- 
sure-volume diagram  pressure)  previous  to  the  throat.  The 
discharge  coefficient  has  in  no  case  been  found  to  be  greater 
than  unity,  and  even  these  discharges  are  surprisingly  high 
for  the  small  size  nozzles  with  consequent  importance  of 
skin  friction  and  also  the  possibility  of  the  stream  having 
a  true  throat  area  smaller  than  the  least  section  of  the 
nozzle.  Steepening  of  the  expansion  line  corresponds  to 
heat  losses  in  the  entry  to  the  nozzle,  but  the  observed  fall 
in  the  critical  point  can  hardly  be  accounted  for  by  heat 
conducted  away  by  the  nozzle,  and  if  the  lowering  of  the 
critical  pressure  below  the  theoretical  \alue  be  explained 
by  an  increase  in  the  exj)ansion  index,  it  is  the  opinion  of 
the  author  that  some  other  physical  cause  for  (lie  disappear- 
ance of  heat  must  be  looked  for. 

Report  op  the  Refrigeration'  Research  Coiuiittee  (46 
pp.,  16  figs,  3  sheets  of  charts.    [jA).     The  Committee  con- 
sidered first  what  standard,  if  any,  could  be  used  for  the 
practical  rating  of  refrigerating  machines.     As  a  means  of 
expressing  the  amount  of  refrigerating  effect  of  which  the 
machine  is  capable,  imder  specified  conditions  such  as  occur 
in  ordinary  practice,  two  points  are  involved,  viz.,  first,  the 
unit  in  which  refrigeration  is  to  be  measured  and  stated,  and 
I  lie  temperatures  between  which  a  machine  should,  for  the 
purpose  of  rating,  be  assumed  to  act;  and  second,  the  ques- 
tion as  to  what  theoretical  cycle  of  action  should  be  adopted 
as  a  standard  for  comparison  with  the  actual  perfonnance 
of  a  refrigerating  machine,  working  under  any  conditions, 
as  a  means  of  judging  how  nearly  the  real  action  approaches 
the  ideal.     The  following  recommendations  have  been  made : 
The  standard  for  practical  rating  must  be  based  on  the 
amount  of  heat  extracted  per  unit  of  time  and  the  temper- 
atures between  which  the  machine  works  as  a  heat   pump, 
viz.,  the  temperature  of  the  source  from  which  the  heat  is 
taken  and  the  temperature  at  which  the  heat  is  discharged. 
It  was  recommended,  first,  that  the  refrigeration  produced 
by   a   refrigerating    machine    be    expressed    in    calories    per 
second,  which  unit  is  equivalent  to  342,860  B.t.u.  per  day  of 
24  hours;  second,  that  refrigeration  may  be  stated  for  par- 
ticular or  for  standard  conditions;  third,  that  the  standard 
conditions  be  defined  as  follows:  the  temperature  limits  to 
1)6  steady;  the  temperature  of  the  cooling  water  to  range 
from  15  deg.  cent.   (59  deg.  fahr.)  at  inlet  to  20  deg.  cent. 
(08  deg.  fahr.)   at  outlet,  and  the  temperature  of  the  brine 
range  from  0  deg.  cent.  (32  deg.  fahr.)  to  — 5  deg.  cent.  (23 
deg.   fahr)  ;  fourth,  that   the  refrigeration   produced   under 
standard  conditions  be  called  the  rated  capacity  of  the  ma- 
cliine.      In  cases  of  cooling  by  direct  expansion  without  the 
use  of  brine,  the  same  method  of  rating  will  apply  except 
that  tlu!  (-onditions  have  to  be  modified  by  siiecifying  for  the 
lower  limit  of  temperature  that  of  the  working  substance 
itself;  fifth,  in  the  rating  of  the  direct  expansion  refrigerat- 
ing machine,  the  temperature  of  the  vapor  in  the  evaporator 
be  taken  at  — 10  deg.  cent,  and  the  conditions  in  regard  to 
the  cooling  water  be  the  same  as  those  laid  down  for  the 
machines  using  brine.      The  temperature  of  — 10  deg.  cent, 
as  a  lower  limit  for  the  working  substance  harmonizes  with 
the  conditions  which  have  been  laid  down  for  machines  using 
brine  and  is  also  in  accordance  with  the  standard  of  tem- 
l)eratures  adopted  by  the  French  Association  on  Refrigera- 
tion. 

In  regard  to  the  theoretical  cycle  of  compression,  main 


attention  is  paid  to  the  internal  action  of  the  working  sub- 
stance and  the  tempeiatures  to  be  considered  are  not  those 
external  to  the  machine  but  those  of  the  substance  itself  at 
^arious  stages  of  the  cycle.  The  theoretical  performance  in 
■J.  vapor  compression  machine  using  any  assigned  working 
substance  assumes  that  adiabatic  compression  takes  place 
between  the  constant  pressure  limits  of  suction  and  dis- 
charge. These  two  pressures  have  to  be  known  and  also 
the  temperature  to  which  the  working  fluid  may  be  cooled 
before  j)assing  the  expansion  valve.  With  these  data,  there 
v.ill,  lor  any  working  substance,  be  some  particular  degree 
of  dryness,  giving  the  nuiximum  coefficient  of  performances 
in  the  ideal  cycle.  When  the  degree  of  dryness  at  the  be- 
ginning of  compression  is  determined,  the  temperature  of 
superheating  reached  at  the  end  of  compression  follows. 
The  essential  data,  therefore,  for  determining  the  ideal  cycle 
are  the  suction  and  discharge  pressures  and  the  temperature 
upon  the  expansion  valve. 

In  order  to  secure  the  highest  ideal  efficiency,  the  working 
substance  should  be  cooled  before  passing  the  expansion 
valve,  to  a  temperature  as  nearly  as  possible  ecjual  to  that 
of  the  supply  of  cooling  water,  and  in  calculating  the  ideal 
cycle  of  compression,  it  is  proposed  to  take  the  temperature 
at  which  the  cooling  water  is  supplied  as  the  temperature 
to  which  the  working  substance  is  supposed  to  be  cooled  be- 
fore passing  the  expansion  valve.  It  is  recommended,,  there- 
fore, first,  that  the  ideal  cycle  to  be  adopted  have  a  standard 
of  compression  with  actual  performance  by  the  most  efficient 
cycle  employing  adiabatic  compression  in  which  the  pres- 
sures of  suction  and  condensation  are  the  same  as  those 
wliich  occur  in  the  actual  process  of  working  and  in  which 
the  substance  before  passing  the  expansion  is  cooled  to  a 
temperature  equal  to  that  at  w-hich,  in  the  actual  process, 
the  cooling  water  is  supplied;  second,  that  the  pressures  of 
suction  and  condensation  referred  to  in  the  preceding  recom- 
mendation for  the  actual  process  of  working  are  to  be  the 
pressures  measured  just  after  and  just  before  the  substance 
passes  the  expansion  valve.  The  committee  does  not  con- 
sider it  advisable  to  complicate  the  use  of  a  standard  cycle 
of  compression  by  specifying  an  ideal  cycle  for  the  opera- 
tion of  refrigerating  machines  with  compound  action,  i.e., 
those  in  which  the  compression  or  expansion  takes  place  in 
two  stages  respectively.  It  was  thought  better  that  any 
actual  machine  employing  such  a  compound  process  for  the 
purpose  of  giving  augmented  efficiency  should  still  have  its 
performance  compared  with  that  of  an  ideal  machine  usuig 
the  standard  cycle. 

The  committee  proposes  to  use  the  ratio  of  relative  effl- 

C„ 
cieney  -  ',  where  C,  is  the  coefficient  of  ideal  performance 

found  by  dividing  the  heat  taken  in  by  the  work  expanded 
in  the  standard  cycle  and  C„  is  the  coefficient  of  actual  per- 
formance found  by  dividing  the  refrigerating  effect  actually 
produced  by  the  work  expanded  in  driving  the  compressor 
in  the  real  performance  of  the  machine.  It  was  found  by 
direct  measurement  of  the  refrigerating  effect  produced  in 
the  actual  work  and  all  the  work  expanded,  that  the  work 
may  be  reckoned  either  as  the  indicated  work  done  in  the 
compressoi'  or  as  the  total  work  required  to  drive  it.  It  is 
important  in  all  systems  of  actual  performance  to  state 
clearly  which  of  the  two  methods  of  reckoning  the  work  was 
employed  and,  when  practicable,  both  the  indicated  work 
and  the  total  work  to  be  given,  stating  the  results  of  these. 
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The  report  proceeds  to  the  discussion  of  the  use  of  the 
vacuum  I  (heat  contained  or  enthalpy)  for  the  expansion 
of  the  state  of  substance  at  any  pressure  and  temperature, 
and  appends  enthropy,  enthalpy  through  for  carbonic  acid, 
with  Dr.  Mollier's  figures,  or  British  units  of  pressure  and 
some  additions  based  on  tlie  recent  researches  of  Professor 
Jenkins  and  Mr.  Pye.  This  is  followed  by  biljliographical 
references  to  vapor  available  on  various  substances  used  in 
refrigeration.  And  in  conclusion,  the  committee  recom- 
mends that  the  council  of  the  Institution  of  Mechanical  En- 
gineers should  consider  the  desirability  of  authorizing  them 
to  carry  out  experimental  researches  with  the  object  of  sup- 
plying such  data  as  are  not  now  available  regarding  the 
physical  properties  of  the  substances  used  in  refrigeration. 

IRON  AND^STEEL  INSTITUTE 

Advance  cupy,  autumn  section  1914 
The  Traksverse  Testing  op  Cast  Iron,  George  Hail- 
stone (II  pp.,  4  figs.,  ec).  The  article  is  written  with  the 
idea  of  suggesting  the  type  of  cast  iron  test  bar  that  should 
be  used  to  obtain  the  most  reliable  and  constant  results  with 
breaking  load  and  deflection.  At  present,  the  conti'actor  is 
often  given  an  option  in  the  specification  of  the  test  bar  to 
be  casted,  viz.  the  bar  2  in  X  1  in-  section  tested  on  36  in. 
centers,  or  the  1  in.  square  bar  tested  on  12  in.  centers.  The 
load  and  deflection  for  each  size  of  bar  is  usually  stated  in 
such  cases,  and  it  is  often  found  that  the  1  in.  square  bar 
tested  on  12  in.  centers  is  required  to  stand  three-quarters 
of  the  load  of  the  2  in.  X  1  in-  section  bar  tested  on  36  in. 
eentere.  The  author  has  made  a  series  of  tests  on  a  spe- 
cially constructed  testing  machine,  the  results  of  which  did 
not  appear  to  bear  out  this  relation.  Complete  data  of  these 
tests  are  given  in  tables.  Indeed,  the  author  found  that  the 
actual  relation  between  the  two  English  standard  test  bars 
is  not  1.333  as  is  usually  assumed,  but  varies  only  from  1.142 
to  1.162  in  the  whole  series. 

To  ascertain  whether  the  skin  on  the  test  bar  influences 
this  ratio,  the  author  made  another  series  of  tests  with  the 
bars  fettled  in  the  ordinary  manner.  The  ratio  between  the 
two  kinds  of  test  bars  was  then  again  found  to  vary  only 
from  1.134  to  1.166,  or  in  the  mean  1.140.  The  author  comes 
to  the  conclusion  that  the  best  standard  cast  iron  bar  to  give 
the  most  reliable  and  comparable  results  both  in  breaking 
load  and  deflection,  is  the  one  cast  2%  by  1%  in.  in  section 
42  in.  long,  machined  out  to  2  in.  by  1  in.  in  section  and 
tested  on  36  in.  centers.  The  rate  of  testing  should  not  ex- 
ceed a  load  of  1  cwt.  (112  pounds)  in  less  than  15  seconds. 

SCHOOL  OF  MINES 

Quarterly ,  vol.  35,  no.  3,  April  1914,  New  York  City. 

Physical  Properties  of  Steel  and  Cast-iron  Bars  Broken  at 
Different    Temperatures,    Harold    Perrine    and    C.    B. 
Spencer  (abstracted) 
Safe  Eccentric  Loading  of  Bivets,  Joseph  di  Stasio 

Physical  Properties  of  Steel  and  Cast  Iron  Bars 
Broken  at  Different  Temperatures,  Harold  Perrine  and 
C.  B.  Spencer  (19  pp.,  19  plates,  he).  The  article  presents 
tests  on  structural  metals  at  the  temperatures  which  are 
often  encountered  in  engineering  practice.  It  gives  a  survey 
of  previous  investigations  such  as  those  of  a  committee  of 
the  Franklin  Institute  of  Philadelphia,  of  tests  made  in 
Portsmouth  dock  yards,  and  those  of  Dr.  .Julius  Kollmann, 
E.  Howard,  Fairbairn,  Prof.  M.  Rudeloff,  and  Bregowsky  and 
Spring  of  the  laboratory  of  the  Crane  Company  of  Chicago. 


The  present  investigations  were  carried  on  in  the  Mate- 
rials Testing  Lalioratories  of  Columbia  University,  New 
York  City,  on  apparatus  designed  by  Prof.  Ira  H.  Wool- 
son.  The  unusual  foiTU  of  Rhiele  testing  machine  of  100,000 
lb.  capacity  was  used,  and  the  furnace  to  give  the  tempera- 
ture desired  was  set  up  right  in  the  machine.  It  consisted 
of  a  porcelain  tube  1  ft.  long  and  2  in.  in  diameter  inside, 
with  about  25  ft.  of  platinum  wire  at  Y^  in.  pitch  coiled 
around  it.  Fuller's  earth  was  packed  about  the  wire  and  the 
whole  was  covered  with  steam  pipe  lagging  so  that  the  en- 
tire furnace  was  in  the  form  of  a  hollow  cylinder.  The 
temperature  of  the  furnace  was  maintained  by  passing  a 
current  through  the  platinum  wire  and  controlled  quite  efCec- 
ti\ely  by  a  variable  resistance  placed  in  series  with  the  line, 
i:iermitting  it  being  kept  constant  for  an  indefinite  period. 
The  temperature  was  read  by  a  thermo-electric  couple  placed 
within  the  bar. 

The  article  describes  in  detail  the  method  of  carrying  on 
the  experiment.  The  materials  tested  were  two  grades  of 
Bessemer  steel,  cast  iron  and  cast  steel.  The  results  of  the 
tests  are  presented  in  the  form  of  a  table  and  a  number  of 
curves.  In  the  case  of  the  Bessemer  steel  in  both  grades 
(carbon  0.39  per  cent  and  0.23  per  cent),  the  ultimate 
strength  rose  until  a  temperature  of  about  500  deg.  fahr. 
above  room  temperature  was  reached  and  then  it  went  down 
fairly  rapidly.  The  elongation  decreased  until  a  tempera- 
ture of  about  400  deg.  fahr.  was  reached  and  then  it  started 
to  increase  with  a  fair  uniformity.  The  reduction  of  area 
in  the  case  of  the  higher  carbon  Bessemer  steel  decreases 
until  500  deg.  is  reached,  and  in  the  ease  of  the  lower  car- 
bon steel,  until  400  deg.  fahr.,  then  it  started  to  rise  in  both 
cases.  With  cast  iron  a  great  deal  of  difficulty  was  experi- 
enced in  obtaining  any  uniformity  and  it  appears  that  the 
results,  while  accurate  so  far  as  they  go,  do  not  embrace  a 
sufficient  number  of  tests  to  determine  adequately  the 
strength  of  such  an  erratic  material.  The  same  applies  to 
a  certain  extent,  to  the  ease  of  cast  steel  where  the  number 
of  bars  tested  was  insufficient.  The  curves  tend  to  confirm 
the  well-known  explanation  of  the  behavior  of  the  metals 
under  heat  given  by  C.  R.  Roelker  {Journal  of  the  Frank- 
lin Institute,  October  1881).  Here  again,  it  was  found  that 
the  more  fibrous  the  character  of  the  metal,  the  greater  is 
the  action  of  heat  in  increasing  its  strength.  The  strength 
of  the  material  is  directly  dependent  upon  the  respective  co- 
hesion existing  between  its  component  molecules,  and  as 
each  metal  or  alloy  has  its  own  definite  properties  and 
curves,  this  cohesion  js  affected  by  changes  in  temperature. 
Internal  stresses  control  to  a  greater  or  less  extent  the  shape 
of  the  curve  for  any  particular  metal  alloy. 

ST.  LOUIS  RAILWAY  CLUB 

Vol.  19,  no.  6,  October  9,  1914.    St.  Louis,  Mo. 

The  Modern  Tube  for  Locomotive  Service,  P.  J.  Con- 
rath  (12  pp.,  5  figs.,  gd.).  The  article  contains  a  brief  his- 
torical account  and  general  discussion  of  the  manufacture 
and  properties  of  tubes  for  locomotive  service.  The  author 
calls  attention  to  the  fact  that  soft  basic  open  hearth  steel 
tubes  withstand  the  treatment  encountered  in  the  process 
of  expanding  into  the  flue  sheet  better  than  charcoal  iron. 
The  recent  application  of  butt  welding  to  safe  ending  has 
the  important  advantage  that  the  metal  away  from  the  weld 
is  not  so  readilv  overheated.     In  tests  at  the  laboratories  of 
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the  Norfolk  &  Western  Kailvvay  shops,  it  was  found  that 
electric  butt  welds  have  90  per  cent  of  the  strenj^th  of  the 
material  itself.  In  regard  to  the  durability  of  the  flue 
sheet,  some  of  the  records  are  remarkable — for  example,  on 
the  Lehigh  Valley  Kaihoad,  an  engine  in  fast  passenger 
service,  pulling  an  average  450  ton  train,  ran  a  distance  of 
245,675  miles  in  28  months  on  one  set  of  lap  welded  "  Si)el- 
lerized  "  steel  tubes.  The  author  also  gives  some  informa- 
tion about  the  manufacture  of  hot  rolled  seamless  tubes 
which  appear  to  be  more  durable  than  cold  rolled  tubes.  He 
explains  this  fact  by  mentioning  that  the  hot  method  will 
oxidize  in  the  air,  which  is  beneficial  to  the  material;  for 
while  the  tubes  are  passing  from  one  roll  to  the  other,  hot. 
they  are  coated  with  oxide,  which  is  worked  into  the  surface 
of  the  metal  by  the  rolls  and  forms  a  protection  l(]  the  tubes, 
whereas  when  tul)es  are  drawn  cold,  .-dl  of  tins  oxide  is  re- 
moved while  drawing  through  I  he  die  and  the  protective 
layer  is  thus  eliminated. 


Miscellanea 

AuTOGExiious  Welding,  Process  of  Keller  &  Knappich 
Company  {Die  autogene  Schweissung  nach  dent  Verfahren 
von  Keller  <£•  Knappich,  Ranch  unci  Staub,  vol.  4,  no.  10, 
p.  158,  July  1914,  2  pp.,  2  figs.  d.).  The  article  describes 
a  portable  welding  apparatus  designed  mainly  for  use  on  re- 
pair and  installation  work.  The  whole  plant  can  be  placed 
on  a  car  and  thus  be  easily  portable.  It  consists  essentially 
of  an  acetylene  apparatus,  water  tank,  steel  tank  with  oxy- 
gen, and  oxygen  pressure  reducing  valve.  From  the  illus- 
tration, it  appears  to  be  fairly  compact  and  simple. 

Articles  are  classified  as  c  comparative;  d  descriptis-e ; 
e  experimental;  g  general;  h  historical;  m  mathematical; 
;)  practical;  s  statistical;  t  theoretical.  Articles  of  excep- 
tional merit  are  rated  .1  by  the  reviewer.  Opinions  ex- 
pressed are  those  of  the  reviewer,  not  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  infor- 
mation in  connection  with  articles  reported  in  the  Survey. 
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PERSONAL   NOTES 

Henry  W.  Johnson  has  resigned  his  position  as  mechanical 
superintendent  of  the  Buliard  Machine  Tool  Company, 
Bridgeport,  Conn.,  and  has  accepted  a  position  with  the 
Russell,  Burdsall  and  Ward  Bolt  and  Nut  Company,  Port 
Chester,  N.  Y. 

Frank  A.  Mickle  has  been  appointed  instructor  of  de- 
scriptive geometi-y  and  drawing  at  tlie  University  of  Mich- 
igan, Ann  Arbor,  Mich.  He  was  until  recently  in  tiie  employ 
of  the  Buckeye  Steel  Castings  Company,  Columbus,  Ohio, 
as  designer. 

Henry  W.  Abbott  has  become  associated  with  the  Ames 
Plow  Comjjany,  South  Framingham,  Mass.,  in  the  capacity  of 
sui^erintendeut.  He  was  fonnerly  assistant  to  the  master 
mechanic  of  the  Pennsylvania  Steel  Company,  Steelton,  Pa. 

Thomas  C.  Kelly  has  resigned  his  jiosition  with  the  Tri- 
umph Ice  Machine  Company,  Cincinnati,  Ohio,  to  engage  in 
consulting  engineering  work  in  the  same  city. 

Clarence  M.  Davison,  formerly  assistant  works  manager  of 
the  Alberger  Pump  &  Condenser  Company,  Newburgh, 
N.  Y.,  has  become  chief  engineer  of  the  Best  Manufacturing 
Company,  Pittsburgh,  Pa. 

A.  H.  Charles  Dalley  has  resigned  his  position  as  Chicago 
Manager  of  the  Stoker  Department  of  the  American  En- 
gineering Company  to  accept  a  position  as  sales  manager  of 
the  Flanner  Water  Tube  Company.  Mr.  Dalley  has  opened 
his  headquarters  in  the  Marquette  Building,  Chicago. 

H.  L.  Seward  who  last  year  planned  and  developed  a 
course  for  the  Junior  classes  in  both  mechanical  and  elec- 
trical engineering  at  Sheffield  Scientific  School,  Yale  Uni- 
versity in  Mechanical  Technology,  had  this  year  106  stu- 
dents and  12  assistants  in  the  course  which  began  the  first 
week  in  September  and  lasted  imtil  the  opening  of  the  Fall 
Term.  Each  student  devoted  8  hours  a  day  to  the  study  of 
Manufacturing  Methods  and  Power  Plant  operation  in  New 
Haven  and  vicinity  which  offers  exceptional  advantages  for 
such  insti-uction  because  of  the  many  and  diversified  indus- 
tries represented  there.  Over  40  local  firms  have  cooperated 
with  the  Department  of  Mechanical  Engineering.  At  the 
Mason  Laboratory,  The  Brown  and  Sharpe  Company  of 
Providence,  R.  I.,  had  in  operation  one  of  its  latest  2-A  Uni- 
versal Milling  Machines.  The  expert  who  operated  the  ma- 
chine instructed  all  students  in  regard  to  its  design,  construc- 
tion and  operation.  Last  year  new  machines  were  exhibited 
by  the  National  Acme  Manufacturing  Company,  Cleveland, 
Ohio,  and  by  the  Windsor  Machine  Company,  Windsor, 
Vermont. 


STUDENT  BRANCHES 


AEMOUR   INSTITUTE   OP   TECHNOLOGY 

The  second  regular  meeting  of  the  Armour  Institute  Stu- 
dent Branch  was  held  on  November  4.  L.  D.  Kiley  gave  a  talk 
on  Patents  and  Patent  Law.  He  explained  the  necessary 
requirements  of  a  jsatent  before  it  is  patentable  and  showed 
some  original  patent  pajjers  which  had  been  issued  by  the 
United  States  Government  and  foreign  countries.  He  said 
that  special  stress  is  laid  on  the  claims  in  the  patent  since 
the  value  of  a  patent  lies  entirely  in  its  claims.  Patent  Law 
was  dealt  with  very  briefly  because  of  the  scope  of  the  sub- 
ject. 

CARNEGIE   INSTITUTE   OP   TECHNOLOGY 

The  organization  meeting  of  the  Carnegie  Institute  of 
Technology  Student  Branch  was  held  on  October  7.  The 
officers  for  the  school  year  are:  J.  R.  Cline,  president;  B. 
Schwartz,  vice  president;  C.  W.  Gibbs,  treasurer;  J.  Guter, 
secretary.  Professor  Trinks,  head  of  the  Mechanical  En- 
gineering Department  of  the  Institute,  spoke  on  his  recent 
trip  to  Europe  which  terminated  when  the  war  was  declared. 


He  had  intended  to  make  a  study  of  smoke  prevention  and 
steel  works  engineering  as  taught  abroad.  He  told  of  a  very 
efficient  smoke  prevention  society  with  headquarters  at  Ham- 
burg. The  operations  of  this  society  extend  over  a  large  part 
of  Europe  although  its  fees  are  only  five  dollars  for  mem- 
bership and  five  dollars  for  each  furnace.  Tliis  entitles  a 
member  to  at  least  one  thorough  test  and  possibly  two  each 
year.  In  his  study  of  the  teaching  of  steel-works  engineer- 
ing, he  came  into  contact  with  many  prominent  engineers, 
among  them  Puppe,  inventor  of  the  improved  mill  for 
I-beams.  Professor  Trinks  was  impressed  by  the  fact  that 
air-compressors  in  Euroi>e  were  run  at  about  four  times  the 
speed  ordinarily  used  in  the  United  States.  The  principle 
(if  forced  lubri<-ation  was  the  chief  factor  in  jiroducing  this 
result. 

CA.SK  SCHOOL  OF   APPLIED  SCIENCE 

At  a  meeting  of  the  student  branch  of  the  Case  School  of 
Applied  Science  on  November  12,  the  following  committees 
were  appointed:  Program  Committee;  Prof.  F.  H.  Vose, 
chairman,  A.  C.  Kleckuer  and  L.  K.  Baker:  Social  Commit- 
tee; C.  P.  Diemer,  chairman,  D.  K.  Swartwout  and  H.  E. 
Wills;  Publicity  Committee;  D.  S.  Stanion,  chairman,  and 
L.  W.  Hodous. 

COLUMBIA   UNIVERSITY 

At  a  meeting  of  the  Columbia  University  Student  Branch 
on  October  30,  R.  J.  S.  Pigott,  Engineer  of  the  Interborough 
Rapid  Transit  Company,  gave  a  lecture  on  the  Design  Prob- 
lems of  the  59th  and  74th  St.  Power  Plants,  New  York 
City.  The  problems  as  outlined  by  Mr.  Pigott  consisted  in 
increasing  the  capacity  of  the  present  stations.  In  the  case 
of  the  59th  St.  Station,  the  problem  was  met  by  adding 
low  pressure  turbines  to  operate  on  the  exhaust  steam  from 
the  reciprocating  engines.  In  the  74th  St.  Station,  complete 
turbines  were  substituted  for  the  reciprocating  units.  These 
changes  resulted  in  the  reduction  of  the  cost  of  j)ower  and 
at  the  same  time  increasing  the  capacity  of  both  plants.  In 
order  to  accomplish  these  results,  mechanical  stokers  of  the 
underfed  type  were  installed  which  permitted  the  operating 
of  the  boilers  at  300  per  cent  rated  capacity. 

LEHIGH    UNIVERSITY 

At  a  meeting  of  the  Lehigh  University  Student  Branch  on 
October  13,  a  paper  was  read  by  A.  F.  Glass,  '15,  on  Meas- 
urement of  Large  Volumes  of  Gases.  His  talk  was  supple- 
mented by  illustrations.  Mr.  Madaga,  a  special  student  at 
the  University,  discussed  tests  made  in  the  U.  S.  Navy  in  this 
connection. 

The  subject  of  the  main  talk  was  Modern  Mechanical 
Engineering  by  A.  A.  Shimer,  '99,  Chief  of  Service  and 
Maintenance  Department  of  New  Jersey  Zinc  Company. 
No  discussion  followed. 

MASSACHUSETTS   INSTITUTE   OP  TECHNOLOGY 

The  Mechanical  Engineering  Society  of  Massachusetts 
Institute  of  Technology  held  its  first  meeting  of  the  year 
Oct.  29.  The  meeting  was  a  "  get-together "  smoker 
and  the  speaker  of  the  evening  was  Mr.  F.  H.  Fay 
of  Boston,  who  gave  an  interesting  talk  on  the  Quequechan 
River  Improvements  which  are  being  planned  for  the  city 
of  Fall  River,  Mass.  His  talk  was  illustrated  by  lantern 
slides,  and  by  means  of  these  the  speaker  was  able  to  im- 
press upon  the  minds  of  all  present  the  decidedly  unsanitary 
conditions  which  exist  in  the  heart  of  Fall  River  due  to  the 
discharge  of  sewage  and  miU-waste  into  the  Quequechan. 
Prof.  E.  F.  Miller  also  spoke  on  the  importance  to  all  me- 
chanical engineering  students  of  joining  the  Society. 

OHIO   STATE   UNIVERSITY 

The  Testing  of  Motor  Vehicle  Motors  was  the  subject  of 
a  lecture  given  by  Prof.  F.  R.  Hutton  before  the  Ohio  State 
University  Student  Branch  on  October  16.  Prof.  Hutton's 
talk  consisted  of  the  answers  to  the  following  questions: 
Why  test  a  motor  vehicle?  By  whom  should  it  be  tested? 
How  should  it  be  tested?    Results  of  test. 

He  pointed  out  the  deficiencies  of  the  road  test  as  per- 


LII 


SOCIETY    AND    LIBRARY    AFFAIRS 


formed  by  tlie  manufacturers  for  advertising  purposes,  and 
declared  that  no  two  tests  could  be  compared  without  con- 
sidering tlie  differences  in  climate,  roads,  tire  conditions,  and 
the  personality  of  the  driver,  lie  emphasized  the  fact  that 
a  road  test  could  not  be  duplicated  and  explained  in  detail 
the  apparatus  and  the  methods  used  in  testing  automobiles 
at  the  testing  laboratories  of  the  Automobile  Club  of  Amer- 
ica. In  regard  to  the  muffler,  he  showed  that  only  3  per  cent 
more  power  was  gained  by  the  use  of  the  cut-out  and  that 
about  200  per  cent  was  deducted  from  the  comfort  of  the 
neighborhood.  The  lecture  was  illustrated  by  numerous  lan- 
tern slides. 

At  the  meeting  on  October  30,  the  following  papers  were 
presented :  The  Buckeye-mobile,  P.  McC.  Shafer.  This  was 
illustrated  by  lantern  slides :  The  Alloy  Steels,  F.  M.  Herbst ; 
The  Layout  of  the  Finishing  Department  of  the  Steel  Cast- 
ing Plant  of  the  Gould  Coupler  Company,  C.  L.  Brown. 

PENNSYLVANIA   STATE   COLLEGE 

The  Pennsylvania  State  College  Student  Section  of  the  A. 
S.  M.  E.  held  a  meeting  Oct.  29  in  the  Engineering  Club 
Room,  State  College,  with  the  following  officers  presiding: 
C.  F.  Kennedy,  president;  V.  D.  Longo,  vice  president;  W. 
Blume,  treasurer;  D.  E.  Hewitt,  secretary.  Plans  were  be- 
gun for  a  mechanical  engineering  exhibit  to  be  held  at  the 
College  on  Pennsylvania  Day,  November  13. 

The  attendance  at  the  meeting  was  35.  No  technical  pa- 
pers were  delivered  as  the  time  was  devoted  to  business. 

RENSSELAER   POLYTECHNIC   INSTITUTE 

The  second  meeting  of  the  Rensselaer  Polytechnic  Insti- 
tute Student  Branch  was  held  on  October  29.  W.  S.  Powers 
gave  an  interesting  talk  on  the  Power  Plant  of  the  Rochester 
and  S>Tacuse  Railway,  located  in  Lyons,  N.  Y. 

J.  B.  Lincoln  spoke  on  the  processes  in  the  manufacture 
of  woolen  cloth.  He  showed  many  samples  and  illustrations 
showing  the  different  stages  of  the  process  from  the  shear- 
ing of  the  sheep  to  the  finished  product. 

UNIVERSITY   OP   CINCINNATI 

The  University  of  Cincinnati  Student  Branch  of  the 
American  Society  of  Mechanical  Engineers  held  its  first 
meeting  of  the  school  year  1914-15  on  Oct.  15.  Prof.  F.  R. 
Hutton,  Honorary  Secretary  of  the  American  Society  of  Me- 
chanical Engineers  and  Advisory  Engineer  of  the  American 
Automobile  Association,  spoke  on  The  Relation  of  the 
Mechanical  Engineer  to  the  Draftsman.  He  referred  to 
the  designing  engineer,  and  showed  how  shop  training  of  a 
cooperative  engineering  student  would  make  him  a  better 
designer.  He  traced  the  growth  of  a  machine  from  a  visual- 
ization to  the  finished  product,  and  showed  that  in  each 
progressive  step  the  credit  and  responsibility  belonged  to  the 
engineer.  Professor  Hutton  told  how  a  di-aftsman  could  in- 
crease his  value  and  better  his  position  by  conscientious  work, 
and  discussed  in  detail  the  liberties  which  an  engineer  and 
a  draftsman  might  enjoy  or  expect  in  regard  to  the  work  he 
was  doing  for  his  employer.  European  customs  were  com- 
pared with  those  of  this  country,  and  examples  cited. 

UNIVERSITY   OP   COLORADO 

A  meeting  of  the  University  of  Colorado  Student  Branch 
was  held  on  November  12,  at  which  Professor  Hunter  gave 
a  talk  on  A  Square  Deal  in  Engineering. 

UNIVERSITY   OP   KANSAS 

The  first  regular  meeting  of  the  University  of  Kansas 
Student  Branch  was  called  to  order  by  the  honorary  chair- 
man, Prof  Sibley.  Dean  P.  F.  Walker  was  elected  Honorary 
Chairman  for  the  year.  Other  officers  elected  were:  0.  T. 
Potter,  chairman;  G.  A.  Rathert,  vice  chairman;  Clyde 
Maris,  recording  secretary;  S.  E.  Campbell,  treasurer,  and 
I.  W.  Clark,  corresponding  secretary. 

Dean  and  Mrs.  Walker  informally  received  those  present 
after  which  Dean  Walker  gave  a  short  talk  on  the  American 
Society  of  Mechanical  Engineers  as  to  its  purpose,  member- 
ship, etc. 


At  a  meeting  held  on  October  15,  J.  E.  StillweU  was 
elected  to  represent  the  mechanical  engineers  on  the  govern- 
ing board  of  the  "  Kansas  Engineer,"  the  engineering  maga- 
zine of  Kansas  University.  Program  and  membership  com- 
mittees were  appointed  by  O.  T.  Potter. 

A  review  of  the  Journal  for  the  summer  months  was 
given  by  I.  W.  Clark. 

Prof.  Sluss  gave  a  talk  on  the  use  of  engineering  hand- 
books. 

UNIVERSITY  OF    MAINE 

At  the  meeting  of  the  University  of  Maine  Student  Branch 
on  November  6,  the  following  officers  were  elected  for  the 
ensuing  year:  William  L.  Wark,  president;  Clifford  A. 
Skillin,  vice  president;  Harry  A.  Titcomb,  secretary  and 
treasurer;  John  A.  Burke,  executive  committee. 

At  the  meeting  on  November  12,  Prof.  L.  B.  Chapman 
gave  a  talk  on  Hydroplanes.  Professor  Chapman  described 
the  displacement  boat  and  the  gradual  change  from  these  to 
the  hydroplanes  of  the  present  day.  The  talk  was  illus- 
trated by  lantern  slides,  which  showed  views  of  different 
hydroplane  engines  and  of  the  boats  themselves.  A  speed 
time  chart  which  Professor  Chapman  himself  had  computed 
was  shown,  which  gave  the  different  speeds  attained  by 
hydroplanes  up  to  the  year  1913. 

UNIVERSITY   OP    MICHIGAN 

An  open  meeting  of  the  University  of  Michigan  Student 
Branch  was  held  on  October  7.  The  majority  of  the  student 
members  last  year  were  seniors  and  an  open  meeting  was 
held  in  order  to  arouse  interest  in  the  branch  and  revive  the 
membership  at  least  to  its  former  number  and  increase  it  as 
much  as  possible. 

Mr.  Mills,  chairman,  outlined  the  purpose  of  the  branch 
and  the  benefits  derived  from  the  lectures  and  from  the 
Journal. 

Mr.  C.  F.  Hirshfeld,  Chief  of  the  Research  Department  of 
The  Detroit  Edison  Illuminating  Company,  gave  a  talk  on 
The  Connors  Creek  Plant  of  The  Detroit  Edison  Illuminat- 
ing Company.  The  plant,  which  is  not  yet  completed,  is 
expected  to  be  one  of  the  most  economical  in  the  country. 
Mr.  Hirshfeld  showed  slides  illustrating  the  construction  of 
the  plant  and  then  showed  some  of  the  methods  by  means  of 
which  the  great  saving  of  heat  is  to  be  accomplished. 

UNIVERSITY   OP   MISSOURI 

A  meeting  of  the  University  of  Missouri  Student  Branch 
was  held  on  October  22.  Mr.  J.  W.  Haney,  assisted  by  Prof. 
E.  A.  Fessenden,  read  a  paper  on  Heat  Transmission  in 
Boiler  Tubes,  which  gave  an  account  of  a  series  of  experi- 
ments conducted  at  the  University  of  Missouri  Engineering 
Experiment  Station  by  Mr.  Haney  and  Professor  Fessenden. 

At  a  meeting  on  November  12,  J.  C.  Squirs  gave  a  talk 
on  the  new  method  of  Metal  Plating  and  Earl  E.  Morgan 
told  of  some  of  his  experiences  in  steam  turbine  work. 

UNIVERSITY   OP    NEBRASKA 

At  a  meeting  on  November  10,  Professor  Adendorfer,  a 
graduate  of  Transvaal  and  Cornell  Universities,  gave  a  lec- 
ture on  Diamond  Mining  in  South  Africa.  Professor 
Adendorfer  is  a  Boer  and  has  spent  most  of  his  time  in  this 
mining  district.  He  discussed  the  development  of  the  in- 
dustry and  methods  of  mining  from  the  beginning  up  to  the 
present  time. 

WASHINGTON    UNIVERSITY 

The  following  officers  for  the  year  1914-15  were  elected  by 
the  Washington  University  Student  Branch :  Prof.  E.  L. 
Ohle,  honorary  chairman;  R.  V.  Henkel,  chairman;  W. 
Brotherton,  vice  chairman ;  E.  C.  Schisler,  secretary ;  J.  Sum- 
mersby,  treasurer. 

WORCESTER   POLYTECHNIC   INSTITUTE 

At  the  November  meeting  of  the  Worcester  Polytechnic 
Institute  Student  Branch  of  the  American  Society  of  Me- 
chanical Engineers,  Mr.  A.  T.  Marshall,  W.  P.  I.  '89,  me- 
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chanical  engineer  for  the  Automatic  Refrigerating  Com- 
pany, Hartford,  Conn.,  demonstrated  their  Automatic  Re- 
frigerating Machine,  one  of  which  was  in  operation  on  the 
laboratory  table.  After  a  brief  description  of  cooling  proc- 
esses, the  speaker  invited  the  audience  to  inspect  the  machine 
and  a  general  conversation  was  held  relative  to  its  workings. 

EMPLOYMENT   BULLETIN 

Note:  In  sending  applications  stamps  should  be 
enclosed  for  forwarding. 

The  Secretary  considers  it  a  special  obligation  and  pleasant  duty  to  be  the 
medium  of  securing  positions  for  members,  and  is  pleased  to  receive  requests 
both  for  positions  and  for  men.  The  published  notices  of  "men  available"  are 
made  up  from  members  of  the  Society.  Notices  are  not  repeated  except  upon 
special  request.  Names  and  records  are  kept  on  the  ofRce  list  three  months, 
and  if  desired  must  be  renewed  at  the  end  of  such  period.  Copy  for  the  Bulletin 
must  be  in  hand  before  the  12th  of  the  month. 

POSITIONS    AVAILABLE 

1035  High  grade  practical  machine  designer,  e.xperience 
in  machine  shop,  pattern  shop  and  drawing  room;  must  be 
a  man  who  can  make  jiractical  designs  from  a  shop  stand- 
point that  goods  may  be  manufactured  cheaply  and  be  of 
such  grade  as  to  meet  the  best  competition.  Position  perma- 
nent for  man  of  ability.  Salary  according  to  ability.  Loca- 
tion Missouri. 

1110  Man  with  expert  knowledge  in  manufacture  of 
abrasives,  emery  wheels,  emery  cloths,  etc.,  for  position  in 
Japan. 

1111  Hustling  machine  shop  general  foreman,  experi- 
enced on  engine  and  pump  work;  must  be  a  thorough  me- 
chanic, able  to  produce  the  maximum  outjjut  of  A-1  quality 
at  lowest  cost,  and  familiar  with  best  and  latest  up-to-date 
machine  shop  practice.  Give  synopsis  of  experience  and 
state  age,  experience,  references,  and  compensation  expected. 
Apjily  by  application  addressed  care  of  Society. 

1125  Draftsman  or  designers  experienced  in  jig,  fix- 
tures and  die  work,  especially  those  familiar  with  manu- 
facture of  small  arms,  or  experience  in  sewing  machines, 
typewriter  work,  etc.    Location  New  York  State. 

1126  Progressive  mechanical  engineer  to  take  charge  of 
the  mechanical  department  of  pulp  and  paper  mill,  includ- 
ing a  machine  repair  shop,  also  the  steam  and  electrical 
equipment.  Applicant  must  be  graduate  of  well-known  en- 
gineering school,  preferably  Massachusetts  Institute  of  Tech- 
nologj'.  Prefer  young  man  who  has  had  a  few  years  prac- 
tical experience,  if  possible  in  pulp  and  paper  mills.  Posi- 
tion offers  good  opportunity  for  advancement  for  the  right 
man.  Give  references,  age,  experience,  education  and  salary 
expected.     Location  Pennsylvania. 

1127  Electrical  engineer  for  sole  management  of  factory 
making  economical  electric  lamps.  Position  in  Petrograd, 
Russia.     State  salary  wanted.     Possible  time  of  departure. 

MEN   AVAILABLE 

L-1200  Superintendent,  experienced  in  steam  engine  and 
general  power  plant  operation,  wishes  to  connect  with  finn 
owning  large  producer  gas  engine  plant  which  is  causing 
trouble. 

L-1201  Member,  teclmical  graduate,  with  broad  experi- 
ence in  the  design  and  supervision  of  factory  or  mill  build- 
ings, power  plants  and  machinery,  purchasing  materials  and 
equipment,  desires  position  as  purchasing  agent  or  sales  en- 
gineer. Would  consider  position  as  works  engineer  or 
superintendent. 

L-1202  Technical  graduate,  17  years  experience  in  sales, 
engineering  and  manufacturing  in  pumping  and  power  plant 
machinery.  Esiieeially  well  equijjped  for  position  of  broad 
responsibility  in  moderate  sized  organization. 


L-1203  Member,  technical  graduate,  age  35,  shop,  design, 
sales  and  management  experience,  wide  acquaintance  with 
manufacturers  in  New  England  and  the  Middle  Atlantic 
States,  and  having  established  offices  in  Connecticut  and 
Pennsylvania,  desires  to  act  as  manufacturers'  agent  for  re- 
sponsible companies. 

L-1204  Junior  member,  technical  graduate,  journeyman 
machinist  with  all  around  experience,  desires  position  as 
assistant  to  executive  in  manufacturing  concern  or  with  con- 
sulting engineers. 

L-1205  Member,  designing  and  contracting  engineer, 
practically  and  technically  trained  and  having  an  established 
business  acquaintance  and  practice,  desires  to  add  to  line  of 
affiliations  as  representative  of  first  class  manufacturers, 
preferably  in  the  field  of  equipment  for  handling  materials. 
Would  prefer  to  cover  northern  Ohio  territory. 

L-1206  Junior,  age  28,  desires  position  as  assistant  en- 
gineer or  assistant  superintendent  with  manufacturing  con- 
cern. 

L-1207  Student  member,  University  of  Michigan  1914, 
M.E.,  desires  position  with  manufacturing  concern  or  con- 
sulting engineers.  Will  consider  any  offer  with  chance  for 
advancement. 

L-1208  Manufacturing  superintendent  or  shop  manager, 
20  years  varied  experience,  good  organizer  and  executive, 
familiar  with  modern  and  economical  manufacturing  meth- 
ods including  any  system  of  wage  pavinent,  expert  machine 
demonstrator  and  time  study  man,  successful  in  the  design 
of  special  labor  saving  machinery  and  appliances  for  inter- 
changeable manufacture,  desires  change  about  the  first  of  the 
year. 

L-1209  Member,  graduate  engineer,  seven  years  experi- 
ence in  design  and  supei-vision  of  installation  of  mechanical 
equipment  of  buildings,  power  plants  and  central  heating 
systems;  also  five  years  as  efficiency  engineer,  desires  posi- 
tion with  consulting  engineer,  architect  or  private  firm. 

L-1210  Member,  mechanical  engineer  and  factory  man- 
ager, six  years  in  charge  of  drafting  and  designing  tools  and 
equipment  for  large  electric  plant;  past  eight  years  general 
manager  of  factory  and  consulting  engineer  developing  suc- 
cessful registering  machine  and  holding  thirty-five  i:)atents 
on  it,  would  like  position  with  concern  as  mechanical  en- 
gineer or  factory  manager.  Would  also  consider  charge  of 
drafting  room. 

L-1211  Mechanical  engineer,  Stevens  graduate,  age  30, 
married,  six  and  one  half  years  varied  engineering  experi- 
ence, at  present  holding  responsible  executive  position  as 
plant  engineer  with  small  manufacturing  concern,  desires 
similar  position  or  one  as  assistant  to  superintendent  or 
manager  with  company  offering  good  chance  for  advance- 
ment.   Specialty,  pressed  steel,  both  light  and  heavy. 

L-1212  Member,  sales  engineer,  age  27,  five  years  experi- 
ence with  power  plant  equipment,  desires  sales  position.  At 
present  employed. 

L-1213  Associate  member,  technical  graduate,  one  year 
teaching,  four  years  in  electric  traction  work  including 
power  stations  economics,  office  routine,  s.ystem  and  loco- 
motive testing,  three  years  testing  and  development  work  of 
large  hydraulic  control  machinery,  including  testing  of  me- 
chanical, electrical  and  hydraulic  apparatus,  desires  jiosition 
on  design  or  experimental  work  in  a  similar  line. 

L-1214  Member,  graduate  engineer,  ten  years  experience 
in  resjjonsible  jiositions  in  design,  construction  and  ojaeration 
of  Portland  cement  and  stone  crushing  plants,  and  especially 
valuable  on  enlargement  and  modernization  of  plants  and 
operations,  desires  position.    Limited  knowledge  of  Spanish. 

L-1215  Superintendent,  age  39,  expert  in  punch  jiress 
work  and  construction  of  dies  for  sheet  metal  stamping  and 
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forming.  Broad  experience  in  designing  tools  and  labor 
saving  dewees  for  increasing  production  in  interchangeable 
manufacturing  work.    Has  had  complete  charge  of  plant. 

L-1216  Associate-member  of  the  A.S.M.E.  and  A.I.E.E., 
college  graduate,  age  34,  experienced  as  sales  engineer  and  a 
specialist  in  efficiency  selling  methods,  with  experience  in 
closing  large  electric  power  contracts  and  as  sales  manager 
for  public  utility  companies,  is  open  for  position  with  com- 
pany desiring  the  services  of  a  capable  sales  manager. 

L-1217  Junior  member,  Worcester  Polytechnic  Institute 
graduate,  M.E.,  age  25,  two  years  experience  in  mechanical 
and  electrical  engineering,  consisting  of  experimental  and 
construction  work  in  steel  company. 

L-1218  Technical  graduate,  mechanical  engineer,  age  31, 
unmarried,  thorough  experience  in  field  of  engineering  which 
appertains  to  the  multiple  use  of  steam  and  vapors  for  boil- 
ing and  heating.  Broad  experience  in  conducting  experi- 
ments on  a  large  scale,  and  in  handling  men.  At  present  in 
position  as  designing,  experimental,  and  erecting  engineer 
for  large  corporation  in  the  West. 

L-1219  Member,  Cornell  graduate,  14  years  experience  as 
machinist,  inspector,  test  engineer,  draftsman,  mechanical 
engineer,  shop  superintendent  and  salesman,  with  successful 
experience  selling  gas  power  and  electric-machinery,  steam 
specialties  and  gas  producers,  desires  position  as  salesman  or 
as  sales  department  engineer.  Location  preferred.  North- 
western or  Western  States.  At  present  employed  in  western 
Canada. 

L-1220  Junior,  graduate  mechanical  and  electrical  en- 
gineer, experience  in  mechanical  department  of  railroad  in 
machine  shop,  roundhouse  and  office  work,  desires  a  position 
along  similar  lines  with  good  chance  for  advancement.  South 
preferred. 

L-1221  Superintendent,  tactful  in  handling  men,  with 
broad  experience  in  modern  machine  shop,  foundry  and 
manufacturing  practice,  good  designer  of  tools,  appliances 
and  methods  for  producing  interchangeable  work  at  low 
cost;  familiar  with  time  study  and  modern  system  of  paying 
for  labor,  cost  keeping,  etc. 

L-1222  Associate-member,  graduate  of  M.I.T.,  age  27, 
Associate,  A.I.E.E.,  constructiug  experience  at  M.I.T.,  also 
experience  as  foreman,  assistant  master  mechanic,  and  as- 
sistant superintendent;  past  two  years  with  Thomas  A.  Edi- 
son; capable  of  whipping  new  work  into  routine  shape  and 
presenting  results  in  form  of  final  reports. 

L-1223  Member,  12  years  practical  experience,  competent 
to  organize;  thoroughly  familiar  with  all  modern  manu- 
facturing methods  and  systems,  and  reducing  costs,  desires 
position  as  faetorj'  superintendent  or  foreman. 

L-1224  Mechanical  engineer,  broad  experience  in  design 
of  factory  and  mill  engineering,  familiar  with  modern  shop 
methods,  purchasing  of  equipment,  is  open  for  engagement. 

L-1225  Member,  graduate  of  M.I.T.,  Member  A.I.E.E., 
thorough  experience  in  power  generation  and  applications, 
ten  years  experience  testing,  designing  and  engineering  with 
large  electric  company  and  public  utility  companies.  Fa- 
miliar with  German,  French,  and  Spanish,  also  some  literary 
experience. 

L-1226  Technical  graduate  M.E.,  three  years  practical 
experience  in  design,  shop  management,  purchasing  and 
sales  work,  also  superintendent  of  company  manufacturing 
high  grade  gasolene  motors,  would  like  similar  jjosition. 

L-1227  Member,  M.I.T.  graduate  in  mechanical  engineer- 
mg  with  post-graduate  course  in  electrical  engineering, 
twenty  years  experience  in  design  and  construction  of  ma- 
chinery iind  building,  manufacturing,  systematizing,  account- 
ing, refrigeration  and  as  consulting  engineer,  desires  perma- 
nent position  with  headquarters  in  New  York. 


L-1228  Member,  17  years  experience,  familiar  with  foun- 
dry' and  shop  practice,  sales  engineering  including  corre- 
spondence and  testing  engineering,  desires  position  in  manu- 
facturing concern  in  executive  capacity,  either  at  factory  or 
in  charge  of  branch  office.  At  present  employed  in  responsi- 
ble position. 

L-1229  Junior,  graduate  in  mechanical  engineering,  age 
29,  five  and  one  half  years  experience  including  machine 
shop,  designing,  inspecting,  estimating  and  executive  posi- 
tions, desires  to  get  into  efficiency  engineering  work. 

L-1230  Member,  publicity  manager,  fully  experienced 
and  capable  of  taking  entire  charge  of  advertising  depart- 
ment, manufacturing  or  selling  concern,  now  employed  by 
well-known  corporation,  wishes  broader  field  and  opportu- 
nities. New  York  interview  requested  with  reliable  organiza- 
tion wanting  tangible  results. 

L-1231  Mechanical  engineer  with  shop  experience  and 
11  years  thorough  experience  in  constructing,  building  and 
maintaining  various  lines  of  plants  and  machinery',  desires 
position  along  similar  lines. 

L-1232  Junior,  technical  graduate.  12  years  i)ractieal 
experience  in  design,  construction  and  maintenance  of  gas 
and  gasolene  engines,  and  sub-stations  and  power  houses 
high  voltage  design  and  construction.    At  present  employed. 

L-1233  Junior  member.  Associate,  A.I.E.E.,  age  30, 
technical  graduate,  exi^erienced  in  power  plant  design  and 
construction,  operating  analyses,  public  utilities  evaluations 
and  reports,  desires  a  position.     Salary  moderate. 

L-1234  Junior,  Stevens  graduate,  age  30,  capable  execu- 
tive in  new  and  re-construction  and  equipment  of  mills  and 
factories;  designer  along  electrical  and  steam  power  lines, 
structural   and   reinforced   concrete   architecture,   desires   an 


L-1235  Member,  mechanical  engineer,  successful  execu- 
tive, who  can  organize  and  supervise  an  efficient  organiza- 
tion, desires  jiosition  as  works  manager,  superintendent  or 
assistant  to  chief  engineer. 

L-1236  Member,  graduate  M.I.T.  in  mechanical  engineer- 
ing, age  43,  married.  Four  years  instructor  mechanical  en- 
gineering department,  M.I.T.,  eight  years  experience  in  de- 
sign of  power  plants  for  public  sen-ice  and  industrial  uses, 
including  the  purchase  and  installation  of  equipment ;  six 
years  general  manager  steam  boiler  and  plate  iron  works. 

L-1237  Member,  graduate  M.I.T.,  hydraulic  and  elec- 
trical engineer,  age  44.  Manufacturing,  consulting  and 
operating  exjjerienee  in  this  countrj'  and  Germany;  recently 
connected  with  some  of  the  largest  and  t\']Dical  hydraulic 
power  plant  installations. 

ACCESSIONS  TO  THE  LIBRARY 

Tliis  list  includes  only  accessions  to  the  library  of  this  Societv. 
Lists  of  accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E. 
can  be  secured  on  request  from  Calvin  W.  Rice.  Secretary  of  Am. 
Soc.  M.  E. 

Atr-Taxk  Regulatioxs.  Prescribed  bv  the  Bo.4RD  of 
Boiler  Rules,  Commontvealth  of  Massachusetts. 
Boston,  1914.    Gift  of  John  A.  Stevens. 

American-  Society  of  Mechanical  Engineers.  Condensed 
catalogues  of  mechanical  equipment,  vol  4,  1914.  New 
York,  1914.    Gift. 

Bessemer,  Goransson  and  Mushet,  E.  F.  Lange.  A  Con- 
tribution to  technical  history.  Manchester,  1913.  Gift 
of  author. 

Brazing  and  Soldering,  H.  F.  Hobart.  ed.  5.  New  York. 
1912. 

Der  Bruckenbau,  M.  Strukel.    II  Teil.    Leipzig,  1913. 
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CoAii  Gas  Residuals,  F.  H.  Wagner.  New  York,  McGraw- 
Hill  Book  Co.,  1914.    Gift  of  Publisher. 

Just  at  the  present  time,  tlie  problem  of  the  utilization  of  coal 
gas  residuals  is  attracting  great  attention,  and  this  liuok  is  therefore 
a  very  timely  one.  The  author,  however,  confines  himself  to 
the  manufacture  of  tar,  naphthalene,  cyanogen,  ammonia  and  ben- 
zol, which  may  be  called  the  primary  derivatives.  The  work  sum- 
marizes European  practice,  some  of  which  is  little  known  in  this 
country.  W.   P.  C. 

A  Credit  Union  Primer.  An  elementary  treatise  on  co- 
operative banking,  containing  questions  and  answers 
concerning  methods  of  organization  and  operation, 
necessary  books  and  forms,  suggested  by-laws  and  the 
credit  union  law  of  New  York,  A.  H.  Ilam  and  L.  G. 
Robinson.  New  York,  19J4.  Gift  of  Russell  Sage 
Foundation. 

Entwerpen  von  leichten  Benzinmotoren  insbesondere 
VON  Luftpahrzeugmotoren,  0.  Winkler.    Berlin,  1914. 

Le  Gaz,  Rene  Masse.    3  vols.    Paris  et  Liege,  1914. 

Handbook  for  Machine  Designers  and  Draftsmen.  F.  A. 
Halsey.     New  York,  1913. 

Heat  Engines,  H.   R.   Allen   and   J.    A.   Burslev.     ed.   2. 

New  York,  1914. 

Die  Kupplunoen  der  Walzweuke,  F.  Peter,  llalle  a.  S., 
1914. 

Manual  of  Mechanical  Drawing,  J.  H.  Dales.  Cambridge, 
University  Press,  1914.     Gift  of  G.  P.  Putnam's  Sons. 

A  very  carefully  prepared  manual  for  the  beginner  in  mechanical 
drawing.  Beginning  with  the  elements  of  line,  the  student  is  finally 
led  to  the  making,  of  full  detail  drawings  for  an  eight-inch   lathe. 

W.  P.  C. 

Massachusetts  Public  Service  Commission.  First  Annual 
Report,    vols.  1-2.    Boston,  1914.    Gift  of  Commission. 

Mellon  In.stitute  of  Industrial  Research  axd  School 
op  Specific  Industries.  Industrial  Fellowships,  1914. 
Pittsburgh,  1914.     Gift  of  University  of  Pittsburgh. 

Naval  Reciprocating  Engines  and  AiixiliaplY  Machinery, 
J.  K.  Barton  and  H.  0.  Stickney.  ed.  3  with  plates. 
2  vols.    Annapolis,  1914. 

New  Jersey  Public  Utility  Commissioners.  Abstracts  of 
Reports  made  by  public  utilities  to  the  Board.  1912. 
Tnrenton,  1914.  Gift  of  Board  of  Public  Utility  Com- 
missioners. 

New  York  Society  of  Architects.  Year  Book,  July  1914. 
New  York,  1914.     Gift  of  Society. 

New  York  (City)  Department  op  Bridges.  Annual  Re- 
port, 1913.    New  York,  1913.    Gift  of  F.  J.  H.  Kracke. 

New  York  (State)  Conservation  Commission.  Second 
Annual  Report,  1912.  Albany,  1913.  Gift  of  Conserva- 
tion Commission. 

Nouvelles  Recherches  sur  la  Resistance  de  L'Air  et 
L' Aviation  with  atlas,  G.  Eiffel.  2  vols.  Paris,  1914. 
Gift  of  author. 

The  author,  wh.-t  is  an  honorary  member  of  the  A.  S,  M.  E..  de- 
scribes in  this  book  his  new  laboratory  at  .\uteuil  and  the  researches 
made  there  under  conditions  which  permit  him  to  keep  up  a  work  of 
experimentation  which  has  been  universally  recognized  as  clas.sical 
at  the  highest  level  of  achievement. 

The  following  are  among  the  sub,jects  treated  in  the  present  pub- 
lication :  graphical  methods  of  treating  problems  connected  with  the 
design  of  planes  and  aeroplanes,  which  the  author  applies  to  the 
determination  of  equilibrium  and  stability  of  aeroplanes,  moment  of 
stability,  volplaning,  weight  and  useful  power  of  an  aeroplane,  maxi 
mum  of  velocity  for  a  given  power,  minimum  power  necessary  to 
fly  with  a  given  weight.  The  author  discusses  further  the  problems 
concerning  the  center  of  gravity,   vertical   rudder,   etc. 

Chapter  3  presents  a  very  interesting  experimental  investigation 
of  the  behavior  of  round  and  curved  bodies  with  respect  to  air 
resistance,  and  with  particular  regard  to  shapes  applicable  to  dirigi- 
ble construction,  while  the  rest  of  the  book  covers  matters  of  such 
primary  importance  for  aeroplane  designers  as  wing  resistance, 
mutual'  influence  of  superimposed  planes,  aeroplane  construction, 
accessories,  etc..  dirigibles,  pressure  of  air  on  dirigible  hangars,  and 
propellers  (in  connection  with  the  latter  attention  is  called  to  Note 
V,  Concerning  a  Family  of  Propellers  with  Several  Variable  Parame- 
ters). The  work  is  mainly  of  an  experimental  nature,  and  as  such 
cannot  be  abstracted  for  a  review.  But  it  will  be  no  exaggeration  to 
say  that  its  appearance  marks  an  important  step  in  the  development 
of' the  science  of  aircraft  design.  L.  G. 


Ohio  Public  Utilities  Commission.  Report  of  Joint  Com- 
mittee on  Valuation.    1914.    Gift  of  L.  B.  Webster. 

Aus  DER  Praxis  des  Taylor-Systems,  Rudolf  Seubert. 
Berlin,  1914. 

Science  of  Burning  Liquid  Fuel,  W.  N.  Best.  New  York, 
1913.    Gift  of  author. 

Skizzen  und  Tabellen  uber  Hebezeuge,  Georg  Dreyer. 
Ilmenau,  1903.    Gift  of  Hunt  Memorial  Fund. 

Steam  Ch.\ets,  also  a  table  of  theoretical  jet  volocities 
AND  THE  Corrections  op  Mercury  Columns  with 
fifty  illustrative  problems,  F.  0.  EUenwood.  J. 
Wiley  &  Sons,  New  York,  1914.     Gift  of  Publishers. 

.-V  useful  little  book.  The  introduction  gives  a  review  of  the  fun 
damental  notions  of  thermodynamics,  which  is  followed  by  chapters 
on  the  preparation  and  use  of  the  steam  charts  and  tables  of  veloci- 
ties, and  on  atmospheric  pressures  and  barometric  corrections  ;  then 
the  charts  and  tables,  followed  in  their  turn  by  a  number  of  prob- 
lems with  complete  solutions  serving  as  an  illustration  of  the  in- 
structions as  to  the  use  of  the  tables  and  charts.  The  charts  have 
been  plotted  mainly  from  the  steam  tables  of  Marks  and  Davis.  At- 
tention is  called  to  the  way  the  author  handles  the  region  of  very 
low   pressures,   e.   g..  in   chart  fin.  L.   d. 

A  Suggested  Extension  op  the  Dewey  Deciil4l  System 
OP  Classification  to  Gas  Engineering,  D.  S.  Knauss. 
Written  for  the  accounting  section  of  the  9th  anntial 
meeting  of  the  American  Gas  Institute,  Oct.  1914.  Gift 
of  C.  W.  Rice. 

Taschenbuch  fur  Bauingenieure,  Max  Foerster.     ed.  2. 

Berlin,  1914. 

Taschenbuch  pur  den  Maschinbnbau,  H.  Dubbel.    Berlin, 

1914. 

Technische  Mechanik,  Ed.  Autenrieth,  neu  bearbeitet  von 
Max  Ensslin.     ed.  2.     Berlin,  1914. 

Theorie  des  Kreisels.  Heft.  1 — Die  minematischen  und 
kinetischen  grundlagen  der  tlieorie,  F.  Klein  und  A. 
Sommerfeld.    Leipzig,  1914. 

Vorlesungen  uber  Wasserkraftmaschinen,  E.  Camerer. 
Leipzig,  1914. 

VORSTUDIEN  ZUR  EiNPUHRUNG  I>ES  SELBSTTATIGEN  SiGNAL- 
SYSTEMS    AUP    DER     BERLINER     HOCH-UND     UnTERGRUNB- 

bahn,  G.  Kemmann.    Berlin,  1914. 

AVahl,  Projektierung  und  Betrieb  von  Kraptanlagen. 
Friedrich  Barth.    Berlin,  1914. 

Western  Reserve  University.  Reports  of  the  President 
and  other  officers.  1913-14.  Cleveland,  1914.  Gift  of 
Universitv. 


RADIATORS   AND    HEAT  TRANSMISSION, 

WITH    SPECIAL    REFERENCE    TO 

PRESSED  STEEL  RADIATORS 

Argument  for  Sheet  Metal  Radiation;  eppiciency  and 
resistance  to  corrosion.  Herbert  Orr.  Metal  Worker, 
vol.  74,  pp.  192-193,  1910.  From  paper  read  before  the 
National  District  Heating  Association.  Pressed  steel 
and  cast  iron  radiators  are  compared. 

The  Relative  Efficiency  and  Durability  of  Cast  Iron 
and  Pressed  Steel  Radiators,  Ray  D.  LiUibridge. 
Keating  and  Ventilating  Maqazine,  September  1908,  pp. 
33-35. 

Neuere  Heizkorper.  Gesundheits  Ingenieur,  February  10, 
1912,  pp.  97-101.  Gives  results  of  tests  made  by  Prof. 
K.  Brabbee  at  the  Konigl.  Techn.  Hoehsehule,  Berlin. 
Radiators  of  cast  iron,  wrought  iron,  sheet  copper, 
glass  and  porcelain  were  tested ;  in  all,  about  70  radiators 
had  been  tested  during  the  year.  The  coefficient  of  heat 
transmission  is  given  for  most  of  the  materials. 
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Coefficients  of  Heat  Transmission,  John  R.  Allen.  En- 
gineeririfi  Review  (N.  Y.),  July  1911,  pp.  46-48.  Co- 
efficients of  heat  transmisison  for  cast  iron  and  wrous^ht 
iron  radiators.  Paper  read  before  the  National  Dis- 
trict Heating  Association. 

Tests  of  Hot  Water  Radiators,  W.  L.  Strickler  and  E.  F. 
Renken.  Engineering  Beview  (N.  Y.),  February  1909, 
pp.  41-43. 

The  Relative  EppiriENCY  and  Durability  of  Different 
Types  of  Radiators,  Ray  D.  Lillibridge.  Engineering 
Beview  (N.  Y.),  Augrust  1908,  pp.  40-41.  Discusses 
especially  pressed  steel  radiators. 

Sheet  Metal  Radiation,  H.  W.  Nowell.  American  Society 
of  Heating  and  Ventilating  Engineers,  vol.  11,  July 
1905,  pp.  249-250;  discussion,  p.  250-253. 

Tests  of  Hot  Water  Radiators.  Metal  Worker,  vol.  71, 
pp.  44-4fi,  1909.  An  account  of  tests  made  at  Iowa  State 
College.    Effect  of  maroon  japan  and  aluminum  bronze. 

Gas  Heated  Sheet  Metal  Hot  Water  Radiator.  Ameri- 
can Gas  Light  Journal,  vol.  88,  pp.  101-102,  1908. 

EiNFLDSs  VON  Heizkorperverkleidungen  auf  die  Warmab- 
gabe  von  Radiatoren,  K.  Brabbee.  Gesundheits  In- 
genieur,  vol.  34,  pp.  805-817,  1911. 

Coefficients  of  Transmission  in  Cast  Iron  Radiators, 
.John  R.  Allen.  American  Society  of  Heating  and  Ven- 
tilating Engineers,  vol.  14.  pp.  124-132;  discussion,  pp. 
132-143. 

The  Effect  of  Painting  Radiating  Surfaces,  John  R. 
Allen.  American  Society  of  Heating  and  Ventilating 
Engineers,  vol.  15,  pp.  229-234. 

Review  Report  on  Radiators.  American  Society  of  Heat- 
ing and  Ventilating  Engineers,  vol.  16,  pp.  204-208, 
1910.  A  review  of  the  papers  that  had  appeared  in 
the  transactions  of  the  society. 

Testing  of  Steam  Radiators.  R.  C.  Carpenter.  American 
Society  of  Heating  and  Ventilating  Engineers,  vol.  1, 
pp.  98-133;  discussion,  pp.  134-145,  1895.  Steel  tubes 
compared  with  cast  iron  and  wrought  iron. 


Types  nodveau  d'appareils  de. Radiation;  leur  coefficient 
DE  transmission.  Chauffage  et  Industries  Sanitaires, 
vol.  5,  pp.  101-102, 1912.     (Not  in  this  library.) 

Influence  des  enveloppes  sur  la  quantite  de  chaleur 
degacee  par  les  radiateurs,  F.  Andrei.  Revue  Indus- 
trielle,  vol.  43,  pp.  24-25,  1912. 

Coefficients  de  Transmission.  Chauffage  et  Industries 
Sanitaires,  vol.  4,  pp.  181-182,  1911.  (Not  in  this 
library. ) 

A  Study  in  Heat  Transmission,  J.  K.  Clement  and  C.  M. 
Garland.  University  of  Illinois,  Engineering  Experi- 
ment Station,  Btdletin  no.  40,  September  1909.  The 
transmission  of  heat  to  water  in  tubes  as  affected  by 
the  velocity  of  the  water. 

Heat  Transmission,  W.  E.  Dalby.  Institution  of  Mechan- 
ical Engineers,  1909,  pts.  3-4,  pp.  921-986;  discussion, 
pp.  987-1071.  This  paper  refers  especially  to  the  trans- 
mission of  heat  across  boiler  heating  surfaces,  but  it 
contains  a  long  bibliography  on  heat  transmission. 

Law  of  the  Transmission  of  Heat  between  a  Fluid  in 
Motion  and  a  Metallic  Surface.  Science  Abstracts, 
vol.  14,  Sect.  B.  pp.  139.  180,  1911.  Abstract  of  article 
by  F.  Leprince  Ringuet  in  Comptes  Rendus  (Academie 
des  Sciences),  vol.  152,  pp.  4.S6,  558,  1911. 

Heat  Radiation,  Harold  P.  Gurney.  Journal  of  Industrial 
and  Engineering  Chemistry,  vol.  3,  pp.  807-812,  1911. 

books 

Hoffman,  James  D.  Handbook  for  Heating  and  Ventilating 
Engineers.    Lafayette,  Ind.    CopjTight,  1910,  pp.  82-84. 

Carpenter,  R.  C.  Heating  and  Ventilating  Buildings.  Ed. 
5.    New  York,  Wiley,  ^1910. 

Greene,  Arthur  M.  The  Elements  of  Heating  and  Ven- 
tilating. New  York,  Wiley,  1913.  Chapter  4 — Radia- 
tors, valves  and  heat  transmission. 

Snow,  William  G.  Principles  of  Heating.  New  York, 
David  Williams  Co.,  copyright,  1907.  Chapter  6 — Heat 
given  off  by  direct  radiators  and  coils  (cast  iron). 

Box,  Thomas.  A  Practical  Treatise  on  Heat.  Ed.  5. 
London-Neiu  York,  Spon,  1885. 


THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

ABRIDGED  LIST  OF  OFFICERS  AND  COMMITTEE  CHAIRMEN' 
James  Hartness,  President  Calvin  W.  Rice,  Secretary 


R.  M.  Dixon,  Finance  Committee 

H.  R.  Cobleigh,  House  Committee 

Leonard  Waldo,  Library  Committee 

L.  P,  Alfohd,  Committee  on  Meetings 

Theo.  Stebbxns,  Committee  on  Membership 

C.  I.  Earll,  Publication  Committee 

Fred  J.  Miller,  Public  Relations  Committee 

R.  H.  Rice,  Research  Committee 

Jesse  M.  Smith,  Committee  on  Constitution  and  By-Laws 


*  A  complete  list  of  the  officers  and  committees  of  the  Society  wili  be  found  in 
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THE  WARNER  &  SWASEY  COMPANY 

Works  and  Main  Office:  CLEVELAND 

Brancti  Offtces:     NEW   YORK        BOSTON        BUFFALO        DETROIT    and    CHICAGO 
UNIVERSAL  HOLLOW-HEXAGON  TURRET  LATHES  TURRET  SCREW  MACHINES  BRASS-WORKING  MACHINE  TOOLS 


Turret 

Screw 

Machines 

For  more  than  a  quarter 
of  a  century  representing 
the  hig-hest  standard  of 
construction. 


SIZES— 5^  to  3^"  bar  capacity: 
10  to  20  "  swing. 


Turret  Lathe  equipments  planned. 
Estimates  of  output  furnished. 
Representative  uill  visit  you 


Equipped  for  highly  specialized  manufac- 
ture, in  large  or  small  lots;  or  for  general 
work,   as   may  be   desired. 


u-,_r 


iiiiiiiiii  1 11 

^   I  Dl  II  I    II 


I  III  mil    II  I   in 
1 1  III      I    I     II    I 

TRADE  MARK 


1 II   II   111  III        lui  III  ■  ■    I  III  I  I    II 1 11    I  n  ■  1 1  a  II  I  III  I 

I  I     I     1 1 


I        ■       III    III  n  II  inuin 
I        III  II  ml  ininiii  II        111  II 


R  EG.  U.  S.  PAT.   OFFICE. 


BRISTOL'S   RECORDERS 

INCREASE   EFFICIENCY 

MODERN  methods  of  scientific  management  liave  settled 
beyond  all  question  that  the  use  of  Recording  Instru- 
ments is  indispensable  in  order  to  secure  the  highest  efihciency 
and  economy  results. 

The  difference  between  the  use  and  non-use  of  recorders 
is  the  difference  between  guesswork  and  certainty. 

Bristol's  Recorders  cover  the  field  completely.     Wherever 
there's  an  operation  where  the  choice  lies  between  approxi- 
mate judging  or  definite  certainty,  there's  a  Bristol's 
Recording    Instrument   designed    to   reflect  the  true 
story  of  facts. 

Bristol's  Recorders  are  made  for  Pressure,  Temper- 
ature, Electricity,  Time,  Motion,  Speed,  Humidity, 
Rate  of  Flow,  etc.  There's  a  simplicity  about  Bristol's 
Recording  Instruments  which  places  them  in  a  class 
by  themselves — an  accuracy  which  is  dependable — a 
quality  which  is  known  and  recognized  wherever 
Recording  Instruments  are  used. 

WRITE  FOR  CATALOG  0-1300 

THE  BRISTOL  COMPANY,      WATERBURY,  CONN. 

Branch  Offices:    NEW  YORK     -     BOSTON     -     CHICAGO     -     PITTSBURGH 


Why  Not  Two  Instead  of  One? 


If  you  make  your  drive  strong  enough,  why  not  drive  two 
spindles  instead  of  one? 

If  you  make  your  turret  stiff  enough,  why  not  put  on  two 
sets  of  tools  instead  of  one? 

If  the  operator  has  to  stop  the  machine  to  put  in  one 
piece,  why  not  have  him  put  in  two  instead? 

If  you  have  any  desire  to  practically  double  your  output 
per  machine,  per  man  and  per  dollar  of  investment,  why 
not  get  a  Double  Spindle  Flat  Turret  Lathe  for  your 
chucking  work? 


JONES    &    LAMSON    MACHINE 

97  Queen  Victoria  Street, 

Germany,  Holland,  Switzerland,  Austria-Hungary:  M.  Koyemann,  Charlottenstrasse  112  Diisseldorl 
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This   Is   the    Fay   Automatic    Lathe 


Fitted  with  a  French  Motor  for  a  French  Shop 

It   works   just   as   well   fitted   with   an 
American  Motor  for  an  American  Shop 

For  the  automatic  turning  of  work  held  between  centers — particularly 
second-operation  work,  which  can  be  finish-turned  automatically  on  a 
true  arbor.  One  man  runs  two  machines,  and  they  keep  him  busy.  He 
stands' between  them  and  keeps  them  at  work  without  stirring  from  his 
position.  He  fills  the  arbors  while  the  machines  are  running.  No  lost  time. 


COMPANY 

London,  E.  C. 


Springfield,  Vt. 


France,  Spain  and  Belgium:  F.  Auberty  &  Co.,  91  Rue  de  Maubeuge,  Paris.     Italy:  W.  Vogel,  Milan. 
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WORK  IN  THE 
OF  THE  WORLD'S 


Drying  Apparatus    of  | 
by    tHe    J.    P.     Devine 
every  civilized  portion 


United  States 

England 

Canada 

France 

Mexico 

Germany 

Central  America 

Sweden 

Brazil 

Russia 

Argentina 

Wales 

Philippine  Islands 

Holland 

Straits  Settlements 

Scotland 

The  prestige  and  success  of  Devine  Drying  Apparatus 
is  due  to  strict  adherence  to  this  fixed  policy:  That 
every  piece  of  apparatus  sold  shall  embody  the  very 
latest  improvements,  and  shall  as  far  as  human  skill 
can  make  it,  be  perfectly  adapted  to  the  work  it  is  to 
perform.  Our  broad,  practical  experience  in  building 
economical  drying  apparatus  is  only  the  foundation  on 
which  each  new  piece  is  built. 

Actual  construction  is  preceded  by  careful  study  and 
analysis  of  your  process  and  by  experiments  and  tests 
by  our  corps  of  engineers  to  determine  exactly  the  type 


Get   our    large 


J.  P.  DEVINE 


61007  p 


1379  Clinton  St., 


LIGHT 


EXPERIENCE 


tHe  Types  Manufactured 
Company  are  in  use  in 
of  tKe  Globe 


Austria 

Australia 

Italy 

Africa 

Belgium 

India 

Switzerland 

Norway 

Denmark 

Jamaica 

Ceylon 

Turkey 

Ireland 

Japan 

Hungary 

China 

J^  \  V** 


best  fitted  for  your  work.  Guess  work,  conjecture,  and 
approximation  do  not  enter  into  the  making  of  Devine 
Dryers  and  Evaporators.  Every  modification  of  gen- 
eral design,  every  improvement  in  detail  is  based  on 
known  facts.  "Devine"  Vacuum  Apparatus  on  this 
continent  and  "Passburg"  in  Europe  are  synonymous 
and  have  proven  by  world  wide  use  to  be  the  most 
efficient — most  economical. 

If  you  are  considering  new  or  additions  to  your  present 
equipment,  let  us  co-operate  with  you  to  determine  the 
most  efificient  type  of  apparatus  suited  to  your  needs. 


illustrated  catalog 


COMPANY 


Buffalo,   N.  Y. 


HEINE 


Seven  of  ten  320  H.P.  Heine  Boilers,  Warren  Mfg.  Co.,  Warren,  R.  I. 


Seven  350  H.i*.  Heine  Boilers  at  U.  S.  Navy  Yard,  Norfolk.  Va. 


To    Eliminate   Air    Infiltration    Use    Heine    Boilers 

TESTS  reported  in  the  January  13,  1914.  issue  of  Power,  show  the  effect  of  air  infiltration 
on  boiler  efificiency.  Leakage  through  clean-out  doors  and  cracks  in  the  side  walls  of  the 
setting  caused  the  average  CO2  for  27  days  at  the  top  of  the  last  pass  to  be  4.2%  lower  than  the 
CC2  at  the  top  of  the  first  pass.  The  average  percentages  of  COo  were  13  and  8.8%.  The  differ- 
ence corresponds  to  an  increase  in  excess  air  of  75%  and  a  loss  of  fuel  of  approximately  534%. 

The  infiltration  of  air  through  brick  settings  can  be  largely  prevented  by  careful  pointing 
up  and  painting  with  asphaltum  base  paint.  With  boilers  with  side  clean-out  doors,  special 
attention  must  be  paid  to  the  door  frames  which  work  loose  and  to  the  doors. 

With  the  Heine  Boiler  there  are  no  openings  in  the  side  walls  of  the  setting,  and 
therefore  the  task  of  maintaining  the  setting  tight  and  free  from  air  inleakage  is  greatly  sim- 
plified. Furthermore  any  desired  number  of  boilers  may  be  set  in  a  solid  battery  and  the  work 
of  maintaining  air  tight  settings  concentrated  on  the  end  walls  of  the  battery. 

Send  for  our  Booklets  "  Boiler  Logic,"  "  Large  Heine  Boilers,"  and 
if    interested    in    superheaters,    our    pamphlet    on    that    subject. 

M  E  I  rC  E     SAFETY      B  O  I  JL  E  R     CO- 


2465  E.  Marcus  Avenue 


73 


St.  Louis,  Mo. 


BO  LERS 
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The  evaporation  per  pound  of  coal. 

The  most  economical  grade  of  fuel, 

Irregularities  in  boiler  feed  and  firing, 

The  most  economical  load  on  his  boilers, 

The  relative  efficiency  of  his  firemen, 

The  benefits  derived  from  better  boiler  setting,  cleaning, 

new  attachments,  or  repairs, 
How  fuel  losses  through  radiation,  incomplete  combustion, 

too  great  draught,  etc.,  etc.,  compare  with  best  results. 
The  efficiency  of  engine  or  turbine. 


In  this  photograph  the  150,000  lb.  per  hour 

"LEA'Wotch 

Recording  Liquid  Meter 

iU'w^D™'^'?-?  "'S.lit  and  day  for  tlie  engineer  of  the  big  central  station  of 
the  tall  River  Electric  Company,  Fall  River.  Mass.  It  provides  him  with  the 
same  accurate  continuous  reliable  information— (easily  checked  while  the  in- 
strument is  in  operation)— that  it  gives  daily  to  over  1000  other  engineers  in 
the  world  s  important  power  plants. 

Modern  power  plant  operation  demands  a  thorough  knowledge  of  every  pos- 
sible detail  of  operation,  and  ma.timum  boiler  efficiency  requires  some  method 
of  accurate  feed  water  measurement. 

Our  engineering  department  will  be  glad  to  consult  with  you  regarding  vour 
requirements  without  the  slightest  obligation.  Write  them  for  any  informa- 
tion you  may  desire,  and  for  the  new  88-page  text  book  on  Power  Plant 
Measurements. 

Yarnall- Waring  Company 

7612-20  Queen  Street     Chestnut  Hill,  Phila. 
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Balance   Fixed  Chariges 


/ll  V 


and  Operating  Expense 


OPERATtN' 

ij   EVPfNS 


In  the  interests  of  the  retaining  company,  the  consult- 
ing engineer  has  before  him  the  problem  of  balancing 
fixed  charges  and  operating  cost  in  the  power  station  he  designs. 
Balancing  them  so  that  each  offsets  the  other  to  produce  future 
power  at  the  lowest  cost  per  year. 

A  multitude  of  elements  enter  into  this  balancing.  For  one  thing, 
the  future  in  power  station  design  must  be  considered  not  as  a 
stationary  repetition  of  years,  but  as  a  potential  growth.     This  is  why 


demands  most  serious  investigation  by  any  engineer  or  engineering 
corporation  concerned  in  steam  power  development.     Because — 

(1)  THE  TAYLOR  STOKER  reduces  the  initial  cost  to  the  mini- 
mum consistent  with  a  guarantee  of  reserve  capacity  for  near  future 
increase  in  load. 

(2)  It  establishes  a  permanent  low  level  of  maintenance  and  labor 
cost. 

Ask  any  plant  TAYLOR-equipped  what  its  experience  is  with  regard 
to  the  two  elements  of  fixed  charges  and  operating  expense,  viewed 
in  the  light  of  an  increasing  power  load.     We  will  give  you  a  list. 

American  Engineering  Co. 

Philadelphia 


GREEN'S    ECONOMIZER 

Is  Essential  in  the  Modern  Steam  Plant 


|\  yiORE    steam    can    be    produced 

"•*-\from  less  fuel  and  at  less  total 

cost  bj^  means  of  Green's  Economizer. 

Boiler  surface  should  be  used  only 
for  transferring  the  heat  of  evapora- 
tion, the  water  being  brought  up 
nearly  to  the  boiling  point  and  more 
advantageously  by  the  economizer 
surface. 

The  Economizer  is  able  to  extract 
more  heat  from  the  gases  than  could 
the  boiler  surface,  no  matter  how  far 
extended,  since  the  economizer  con- 
tains water  at  hot  well  temperature, 
whereas  the  boiler  contains  water  at 
a  temperature  corresponding  to  the 
steam  temperature,  that  is,  nearly 
300°  hotter.  As  the  flow  of  heat  from 
the  gases  to  the  water  is  proportional 
to  the  difference  in  temperature,  a 
square  foot  of  economizer  surface 
abstracts  heat  from  the  gases  much 
more  actively  than  would  a  square 
foot  of  boiler  surface  located  at  the 
same  point  in  the  travel  of  the  gases. 

By  omitting  that  part  of  boiler 
surface,  which  is  comparatively  in- 
effective in  the  recovery  of  heat,  and 
by  placing  an  economizer  on  the 
floor  above  the  boiler,  economies  of 
ground  space  and  building,  as  well 
as  of  fuel  and  apparatus,  are  realized. 
An  illustration  of  this  arrangement  is 
shown  in  the  above  drawing. 

For  many  other  interesting  exam- 
ples of  modern  steam  plant  design, 
send  for  our  i co-page  book,  ME  No. 
142. 


The  Green  Fuel  Economizer  Co. 

90  West  Street,  New  York 

Boston,    Philadelphia,    Springfield,   Mass.,    San    Francisco,    Seattle, 
Chicago,   Rochester,  Atlanta,  Los  Angeles,  Salt  Lake  City,  Montreal 

Builders  of  Green's  Economizer,  Mechanical  Draft  Apparatus,  Motors,  Turbines  and  Steam  Engines. 

Fans  for  nil  commercial  purposes. 
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A  FEW  USES  FOR  AIR 
IN  THE  POWER  PLANT 


"  IngersoII-Rogler  " 
Class   "ER-1  " 
Power   Driven 


"Imperial" 

Type  Ten 

Steam  or  Power 

Driven 


The  Ingersoll-Rand  Company  builds 
a  wide  range  of  types  and  sizes  of  com- 
pressors for  doing  the  above  work. 

These  types  of  air  compressors  em- 
body a  great  many  valuable  features 
that  assure  automatic  and  economical 
operation  and  all-around  high  duty 
performance. 

The  Ingersoll-Rand  Company  also 
manufactures  a  complete  line  of  Pneu- 
matic Hoists,  Riveters,  Chippers,  Caulk- 
ing and  Scaling  Hammers,  Pneumatic 
Drills  and  Flue  Rollers,  each  repre- 
sentative of  the  most  modern  practice. 


Pumping-  Water, 
Operating'  Hoists  and  Lifts, 
Painting-  and  Whitewashing, 
Cleaning-  Boiler  Tubes, 
Cleaning-  Eng-ines,  Generators 
and  Machines  by  the  air  jet. 
Running- Pneumatic  Hammers, 

Drills  and  Flue  Rollers, 
Starting-  Gas  and  Gasoline  En- 
gines, 
Testing   and    Caulking  Tanks 

and  Pipe  Lines, 
Caulking  Boilers, 
Blowing  Fire  Whistles, 
Vaporizing  Oil  for  Oil  Engines, 
Running  Direct  Acting  Pumps, 
Elevator  Accumulator  Systems. 


1          Ij.     /2SM 

\ 

%z— 

? 

\J 

Ingersoll-Rand   Class   "EO-1."      Oil   Engine  Driven 


An  invitation  is  extended  to  you  to  send  for  copies  of  Bulletins  3024, 
3311    and    3312    and    Booklet    6gS,    describing    these    various    lines. 


INGERSOLL-RAND  COMPANY 


NEW  YORK 
Air  Lift  Pumping 


Offices  the  World  Over 

Portable  Compressors 


LONDON 


Pumps 


49-c 
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FARREL 


A  four-speed  Coil  Friction  Clutch  Drive 
for  Rubber  Calender.  The  Coil  Clutch 
requires  less  space  for  the  Power 
transmitted    than    any    other    Clutch 


Catalogue  on   request 


FARREL  FOUNDRY  &  MACHINE  CO 


ANSONIA,  CONN.,  U.  S.  A. 

Branch  Office:     1011  Williamson  Building,  Cleveland,  Ohio 
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Getting  the  Utmo^  Return 
From  Invested  Capital 

Capital  and  labor  conditions  make  efficiency  imperative.  Every  machine  in  a  factory,  even,' 
foot  of  its  floor  space,  every  employee  must  yield  a  maximum  return  on  the  investment. 

One  device  or  method  will  save  at  this  point,  another  at  that,  but  electric  power  properly 
applied  through  a  G-E  motor  will  save  at  many  points.  In  manufacturing  processes  using  electric 
power,  this  motor,  Industry's  Master  Workman,  is  also  a  great  power  economizer. 

A  G-E  motor  can  be  applied  to  drive  each  of  your  machines  at  its  maximum  productive 
speed,  even  though  this  speed  vary  for  each  second  of  the  machine's  operation. 

A  G-E  motor  on  each  of  your  machines  allows  the  best  use  of  floor  space,  making  ever\- 
machine  to  which  it  is  applied  independent  of  lineshafting  and  belts. 

A  G-E  motor  on  each  of  your  machines,  when  dri\'en  by  purchased  power,  stops  the  power 
bill  whenever  a  machine  is  shut-down. 

G-E  notors  can  be  connected  to  a  curve  drawing  meter  which  will  record  when  each  machine 
is  started  or  stopped  as  well  as  show  the  amount  of  power  consumed  at  any  moment.  This 
graphic  record  forms  an  excellent  means  of  discovering  efficient  employees. 

Our  engineers  will  be  pleased  to  study  local  conditions  and  suggest  suitable  electric  equip- 
ment.    Write  our  nearest  office. 

General  Electric  Company 


Atlanta.  Ga. 
Baltimore.  Md. 
Birminsham.  Ala. 
Bostoa,  Mass. 
Buffalo,  N.  Y. 
Batte.  Mont. 
Charleston.  W.  Va. 
Charlotte.  N.  C. 
Chattanooga.  Tenn 
Chicago,  111- 
Cincinnati,  Ohio 


Cleveland.  Ohio 
Columbus.  Ohio 
Dayton,  Ohio 
Denver,  Colo. 
Des  Moines.  Iowa 
Detroit,  Mich. 

(Office  of  Agent) 
Elmira,  N.  Y. 
Erie.  Pa. 

Fort  Wayne.  Ind. 
Indianapolis,  Ind. 


General  Office,        Schenectady,  N.  Y. 
ADDRESS     NEAREST     OFFICE 


Jacksonville.  Fla.  /i^S^       ^'-'®  Angeles.  Cal. 

Joplin.  Mo.  (S^rVl       Louisville,  Ky. 

Kansas  City.  Mo.  ^Qa&/        Memphis.  Tenn. 

KnoKville,  Tenn.  ^T^^        Milwaukee.  Wis. 

For  Texas,  Oklahoma  and  .\rizona  business  refer  to  Southwest  General  Electric  Company 
El  Paso,  Houston  and  Oklahoma  City.    For  Canadian  business  refer  to  Canadian  General 


Minneapolis,  Minn. 

Nashville.  Tenn. 

New  Haven,  Conn. 

New  Orleans.  La. 

New  York.  N.  Y. 

Niagara  Falls.  N.  \ 

Omaha.  Neb. 

Philadelphia,  Pa. 

Pittsburg.  Pa. 

Portland,  Ore. 

Providence,  R.  L 

Richmond.  Va. 
(formerly  Hobson  Electric  Co.).  Dallas, 
Electric  Company,  Ltd.,  Toronto,  Ont. 


Rochester,  N.  Y. 
St.  Louis,  Mo. 
Salt  Lake  City,  Utah 
San  Francisco.  Cal. 
Schenectady.  N.  Y. 
Seattle.  Wash. 
Spokane.  \Va^. 
Springfield.  Mass. 
Syracuse.  N.  Y. 
Toledo.  Ohio 
Washington,  D.  C. 
Youngstown.  Ohio 


5252 
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A    Simple    Twist 
Tightens  Any  Rope 


No.  95 126 


Hunt   Tension  Adjusting   Coupling    Spliced   in   the   Rope    Ready   to 
Put  on  the  Drive 

TF   one   of    the   bands    on   your    multiple   system    rope 
drive  stretch,  a  simple  twist  of  the  coupling  tightens  up 
any  individual  band  and  makes  each  rope  do  its  share  of 
the  work. 

No  Resplicing  Necessary 

If  interested  in  learning  more  about  these  couplings 
and  Hunt  Stevedore  Rope  with  its  unique  system  of 
lubrication  that  prevents  wear  and  increases  its  efificiency, 
askfora  copy  of  our  Catalog  S  12-8,  "Manila  Rope." 
It  contains  50  pages  of  information  on  rope  drives  for 
engineers. 

C.  W.  HUNT  CO.,  Inc. 

WEST   NEW   BRIGHTON,  N.  Y.,   U.  S.  A. 

45  Broadway,  \.  Y.  City  Fisher  BIdg.  Chicago 

Evans  Building,  Washington 
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Manufacturers   are   using 

New  Process  Noiseless  Pinions 

More  and    More 

NOISELESS  DURABLE 

STRONG  EFFICIENT 

Made  for  all   kinds  of   high   speed   gear   drives 

NEW  PROCESS   IS    TO  ALL  OTHER   RAWHIDE  AS   STEEL    IS   TO   IRON 

(Sear  Gorpo!?mion 

SYRACUSE,.  N.Y 

CANADIAN  AGENTS:   Robert  Gardner  &  Son.  Ltd.  Montreal         m 
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Reduce  Your 
Power  Cost 


Insure  Continuous  Operation  and  Elim- 
inate Trouble  through  the  installation  of 
an  Efficient  Equipment  requiring  Mini- 
mum Manual  Labor. 

Jeffrey 

Coal  and  Ashes 

Handling  Equipments 

have  earned  a  worldwide  reputation  for 
their  simplicity,  unfailing  reliability  and 
low  operating  and  maintenance  costs. 

Jeffrey  Pivoted  Bucket  Elevator- 
Conveyers  are  the  Acme  of  equipments 
for  large  power  plants. 

Jeffrey  Single  Roll  Crushers  reduce 
any  coal  uniformly  to  size  required  for 
maximum  stoker  economy. 

Jeffrey  Automatic  Weigh  Hoppers 

automatically  record  every  pound  of 
coal   fed    tn  each   boiler. 


Traveling  Weigh 
Hopper  between  Bin 
Storage  and  Stokers. 
Propelled  by  Hand 
Power,  Electric  Mo- 
tor, or  both. 


Send  for  32-A  Catalog  and  details 
describing    many    installations. 

Jeffrey   Mfg.  Co.,  Columbus,  Ohio 


New  York  Pittsburgh 

Boston  Canadian  Wks. 

Philadelphia       Montreal 


Chicago 

Charleston,  W.  Va. 
Birmingham 


Denver 
Duluth 
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I       Jenkins  Bros. 

Automatic    Equalizing   Stop 
and   Check   Valves 


-xa. 


These  valves  are  designed  to  automati- 
cally shut  off  the  flow  of  steam  from  the 
header  to  a  boiler  in  case  a  tube  should 
burst  or  other  internal  rupture  occur. 
They  also  equalize  the  pressure  between 
the  different  boilers  in  a  battery,  pre- 
venting one  boiler  from  working  at  a  lower 
pressure  than  another.  As  the  valves  can 
only  be  opened  by  the  pressure  in  the 
boiler  to  which  they  are  attached,  it  is  im- 
possible to  accidentally  turn  steam  into  a 
boiler  which  is  being  cleaned. 

The  valves  are  cushioned,  to  prevent 
chattering,  by  an  internal  dashpot,  made 
entirely  of  bronze — -which  eliminates  the 
danger  of  sticking  through  corrosion.  Care 
should  be  taken  to  install  the  valves  in  a 
vertical  position  only. 

We  are  prepared  to  furnish  these  valves 
in  Extra  Heavv  Iron  Body  Pattern,  in  sizes 
4"   to   12".        ' 

Each  valve  is  carefully  tested  to  8oo 
pounds  hydraulic  pressure  and  guaranteed 
for  working  steam  pressures  up  to  250  pounds. 

For  High  Pressure  Superheated  Steam 
up  to  800°  temperature,  we  make  these 
valves  with  bodies  and  bonnets  of  Cast 
Steel  having  a  tensile  strength  of  70,000 
pounds,  and  other  parts  of  metals  which 
have  been  found  to  be  best  adapted  for 
this  kind  of  service. 

All  Genuine 
Jenkins  Bros.  Valves 
Have  the  Diamond 
Trade  Mark — 
Your  Protection 

Jenkins  Bros. 

New   York,  Boston,  Philadelphia,  Chicago 

Jenkins  Bros.,  Limited,  Montreal,  P.  0.,  London,  E.  C. 


^^^  LARGEST 
METER  TESTING 

LANT 


Our  g-Liarantee  of  "within  i^%  of  ab- 
solute accuracy  by  weight,"  which  we 
make  to  all  purchasers  of  Cochrane 
Metering  Boiler  Feed  Water  Heaters 
and  Cochrane  Independent  Meters,  is 
based  on  accurate  knowledge  obtained  in 
the  Cochrane  Meter  Testing  Plant,  shown 
above.  We  put  up  this  plant  in  order  to  pre- 
determine what  Cochrane  Meters  would 
do  under  various  and  different  conditions. 

The  accuracy  of  a 

COCHRANE 

FEED  WATER  METER 

is  not  affected  by  time  or  wear.  There 
are  no  moving  parts  in  contact  with  the 
flowing  water,  and  parts,  such  as  the 
weir,  upon  which  scale  or  sludge  may 
deposit  from  the 
water,  are  easily  ac- 
cessible for  inspection 
and  cleaning. 

If  you  are  interested 
in  this  subject,  send 
for  our  Engineering 
leaflet  No.  i6  on 
"Hot  Water  Meters 
and  Their  Practical 

A  I  •  .  y  %  Interior  View  of  Cochrane 

Applications.  Metering  Heater 

HARRISON  SAFETY  BOILER  WORKS 


3199    N.    17th   STREET 


PHILADELPHIA.    PA. 
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Schnicke  Hydraulic 

OPERATING  VALVE 

SCHNICKE  VALVE 

The  Schnicke  Hydraulic  Operating  Valve  was  de- 
signed expressly  for  use  in  Steel  Mills  and  factories 
where  machines  and  other  apparatus  are  operated 
hydraulically.  The  valves  are  constructed  so  as  to 
operate  easily  and  be  positive  in  their  actions  of  open- 
ing and  closing. 

Owing  to  their  design  it  is  impossible  for  these 
valves  to  stick  while  in  service,  which  feature  is  of 
extreme  importance  to  the  continuous  operation  of  the 
apparatus  which  they  control. 

It  is  not  an  uncommon  occurrence  for  valves  of  the 
leather  cup  and  plunger  type  to  "stick,"  which  of 
course  necessitates  shutting  down  the  machine  or  ap- 
paratus until  the  valve  can  be  forced  loose  or  over- 
hauled. 

Another  feature  of  this  valve  is  the  absence  of  leather 
cups  or  other  forms  of  packing  rings  in  the  internal 
working  parts,  which  in  most  other  valves  are  a  source 
of  continual  trouble  and  expense. 

The  Schnicke  Valve  is  provided  with  an  adjustment 
screw  stem  which  makes  it  possible  for  the  operator  to 
readjust  these  valves  from  the  outside,  while  in  service, 
without  disconnecting  the  valve  in  any  way  or  shutting 
otT  the  pressure. 

This  outside  adjustment  feature  is  not  to  be 
found  in  any  other  valve  on  the  market,  and  makes 
it  possible  lor  these  Valves  to  remain  in  the  most  severe 
service  from  three  to  nine  months  without  replacing 
ball  or  seat;  while  valves  of  the  plunger  type,  working 
under  similar  conditions  usually  have  to  be  repaired  at 
least  once  or  twice  a  week  and  not  infrequently  once  or 
twice  a  day,  owing  to  their  leather  cups  or  packing 
rings  becoming  worn  or  forced  out  of  shape,  causing 
them  to  leak  or  stick. 

Schnicke  hydraulic  operating  valves  have  been  in 
service  for  three  years  in  one  of  the  most  modern  type 
mills  in  the  United  States,  and  have  replaced  leather  cup 
valves  throughout  the  mill  which  had  been  in  service 
less  than  nine  months,  and  have  proven  to  be  more 
reliable — less  expensive  to  maintain — easier  operated — 
and  will  wear  longer  in  service  than  any  other  valve  on 
the  market. 

Write  for  Catalog  8-H 
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SCHUTTE  &  KOERTING  CO. 


NEW  YORK 
BOSTON 


1239-57  North  12th  St. 
PHILADELPHIA,    PA. 

CHICAGO 
PITTSBURGH 


CLEVELAND 
DENVER 


Strong  Belting  for 

MODERN  MILLS 


-  w 


Backed  by  a 

Strong  Selling  Policy 

For  seventy  years  we  have  been  making 
belting  designed,  not  to  please  the  man 
who  asks  "How  cheap  is  it?"  but  to  give 
lasting  and  truly  economical  service  to 
the  man  who  asks  "How  good  is  it?" 
We  do  not  seek  to  please  the  man  who 
wants  a  belt  that  is  cheap  in  first  cost, 
but  the  man  who  wants  a  belt  that  is 
cheap  in  service,  in  dependability,  and 
in  the  capacity  to  transmit  the  maximum 
amount  of  obtainable  power. 

Cocheco  Belting 

is  a  centre  stock,  back-bone  belt,  originated 
more  than  sixty  years  ago,  now  enjoying  a 
world-wide  reputation  as  the  standard  of  high 
quality  belting.  It  contains  no  shoulder  or 
spongy  leather  and  is  tanned  by  the  long  oak 
bark  process — the  best  of  all. 

Shedite  Belting 

has  all  the  enduring,  superior  qualities  of 
COCHECO  with  the  added  quality  of  being 
steam  proof  and  water  proof.  It  gives  perfect 
service  under  all  conditions  of  dampness. 

This  is  the  selling  policy  that  pro- 
tects you:  if  the  betting  we  send  you 
is  not  as  good  as  any — better  than 
mostt  send  it  back  at  our  expense. 

If  you  want  to  get  the  full  benefit  of  all  the 
power  generated  in  your  power  plant,  and  effect 
lasting  economy  in  your  belting  expenses,  send 
for  catalog  and  prices. 

I.  B.  WILLIAMS  &  SONS 

DOVER,  N.  H. 

72  Murray  Street  157  Summer  Street 

NEW  YORK  BOSTON 

14-16   N.   Franklin  St.,  CHICAGO 

■iB-J .  TniiiBBiiiiiiiiniiiiiiiiii::  .h 
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TN  evidence  uf  the  complete 
*•  and  permanent  satisfaction 
obtained  from  an  installation  of 


Murphy 

Automatic 

Furnaces 

we  reproduce  the  signature 
pages  of  two  contract  accept- 
ances written  thirty-one  years 
apart — the  latter  covering  a 
repeat  order. 

Let  us  tell  you  about  this  long  estab- 
lished system  of  combustion.  No  ob- 
ligations.    Ask  for  Catalog  "B." 

MURPHY  IRON  WORKS 

LlK        DETROIT  M,     MICH.  ▼▼         U.S.A. 


Improved  Type 

OIL  SEPARATOR 


W'Irii  used  in  conjunclioii  with  trap  and 
oil  filler,  permits  the  use  over  and  over  of 
the  oil  now  escaping  with  the  exhaust.  It 
will  effect  a  still  greater  saving  by  keeping 
the  heating  surfaces  of  pipe  coils,  feed 
water  heater,  etc.,  entirely  free  from  this 
oil,  operates  without  back  pressure  on  the 
engine  and  leaves  the  exhaust  steam, 
when  condensed,  suitable  for  boiler  feed  or 
manufacturing  purposes. 

To  Carry  a  High  Vacuum 

E^uip  your  Condensers  with  our 

ROTARY  AIR  PUMP 

Operates  with  nearly  iOO%  volumetric 
efficiency — clearance  is  practically  elim- 
inated. 

The  rotary  piston  is  absolutely  tight  fitting 
to  the  side  walls,  making  internal  leakage 
impossible. 

There  are  no  valves  on  the  suction  side. 
On  the  pressure  side  there  are  only  small, 
light  check  valves. 

These  pumps  can  create  a  vacuum  up  to 
0.3"  mercury.  They  may  also  be  used  as 
,iir  compressors  up  to  45  lbs. 


GENERAL    CONDENSER    CO. 

1250    NORTH    12TH    STREET 

PHILADELPHIA,   PA. 
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May   We  Help 
To  Materialize 
Your  Ideas  7 


IF  you  have  a  new  idea  which  you 
wish  to  put  into  form,  our  whole 
plant  is  at  your  disposal.  We  are 
a  mechanical  clearing  house,  re- 
ceiving your  plans  and  issuing  com- 
pleted machines  to  order.  Forty 
years'  experience  in  building  special 
machines  for  knitting  mills,  paper 
making,  wood  working  and  nearly 
every  other  kind  of  purpose,  has 
fitted  us  to  help  3'ou  solve  your 
problems. 

If  you  will  send  us  a  blue-print 
we  will  promptly  quote  on  same. 
If  you  prefer,  we  shall  be  very 
glad  to  have  one  of  our  Mechanical 
Engineers  call  on  you. 

In  any  event  write  us  to-day. 

C.  H.  Cowdrey  Machine  Works 

FITCHBURG,  MASS. 


CONDENSERS  ? 


If  you  wish  to  obtain  the  latest  in- 
formation on  condenser  practice,  to- 
gether with  valuable  figures,  and  data 
on  condenser  theory,  fill  out  coupon 
below  and  mail  to  us. 

Any  or  all  of  these  books  and  pam- 
phlets will  be  sent  to  engineers  actually 
interested  in  the  operation,  purchase  or 
design  of  steam  power  plants. 


WHEELER 

Condenser  &  Engineering  Co. 

Carteret  124  New  Jersey 


Contractors,   Builders  and  Designers 
of  Special  Machinery 


Wheeler  Condenser  &  Engineering  Co. 
Carteret,  New  Jersey. 

Please  send  me  bulletins  checked: — 

Surface  Condensers Bulletin  106-A  D 

Jet  Condensers Bulletin  107-A  D 

Turbo  Air  Pumps Bulletin  HI  D 

Cooling  Towers— Natural  Draft  Bulletin  109-A  D 

Cooling  Towers— Forced  Draft Bulletin  104  D 

Wheeler  Steam  Tables  for  Condenser  Work —  D 


Hi 


Reprint  article  "Best  Vacuum  with  Natural  Draft 
Cooling  Towers" — 

Reprint  article  "Condenser  and  Cooling  Tower  for 
Mixed-pressure  Turbine." 

Name 
Firm .  . 

Street  Address. 
State. . 


D 
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Hamilton  Uniflow  Compressor 


THE    HOOVEN,  OWENS,  RENTSCHLER    CO 

HAMILTON-CORLISS  ENGINE  WORKS,  Hamilton,  Ohio 

Offices  in  all  large  cities 


THE   NASH   ENGINE 


For  27  years  the  leader 

in  Vertical  Gas 
Engine  Design 


Specially  adapted  for 

Electric  Generation 
Water  Works 

and  high  grade 
Power  Plants 


National  Meter  Company 


HAMILTON-CORLISS  ENGINES 
HAMILTON  UNIFLOW  COMPRESSORS 

Are   the  Standard   of   Merit   and   have  established   notable   records   for   Economy  and  ; 

Minimum  Operating  costs.  I 

HAMILTON  UNIFLOW  COMPRESSORS  ' 

are  built  for  compressing  gas  and  also  air  and  are  arranged  for  g 
connecting  to  any  type  of  Prime  Mover.     Design  permits  of 

large  vaK'e  openings,  both  suction  and  discharge.     Suction  j 

is  taken  through  cylinder  barrel,  discharge  through  valves  | 

in  luad.      Mechanical  drive  for  valves  is  dispensed  with  ^ 

entirely — no  mechanism  to  get  out  of  order.     Cylinder  heads  i 

permit  large  area  for  cooling,  thereby  increasing  the  Efifi-  | 

ciency.     No  Pre-heating,  no  Pre-expansion  and  no  reduction  in  volume  by  reason  of  wire-  j 

drawing  when  passing  through  suction  vaK'es  is  encountered  in  this  type  of  compressor,  j 

Write  for  Bulletins  I 


I 


CHICAGO 


NEW  YORK 


BOSTON 


19 


<ii       I    I  iiBii  I    I       II  g  II I  ■■■  II    II 


n  III  g     III  I 


mill       nil  ■  g        ■■       III  iiii    I  I  in  I  IN  II  11  g  mill  I  ■III 


Information  Vital  to  Every  Progressive  Engineer 

Is  Given  in 

Our  New  Bulletin  No.  85  M.— The  Venturl  Hot  Water  Meter 


This  20  page  pamphlet  is 
a  condensed  but  compre- 
hensive work,  giving  a  short 
history  of  the  meter,  an  ex- 
planation of  the  principle 
involved,  the  different 
types  of  instruments,  their 
methods  of  installation,  and 
calibration  tests;  also  a 
number  of  interesting  cuts 
of  well  known  plants,  which 
use  Venturi  Meters. 

Many  improvements  and 
additions  which  are  the  re- 


sult of  our  engineering  de- 
partment's constant  study 
are  included  in  the  bulletin. 
It  is  a  reliable  source  of  en- 
gineering information,  and 
furthermore  a  book  that 
will  be  a  worthy  addition  to 
any  library,  for  it  is  bound 
in  a  handsome,  Brewster 
green,  embossed  cover  and 
is  printed  in  Century  type 
on  fine  quality  lustro-coated 
paper. 

We  will  gladly  mail  it  to 
\'ou  upon  request. 


BUILDERS  IRON  FOUNDRY  "Builders  of  the  Venturi"  PROVIDENCE,  R.  I. 


NEW  YORK 


PITTSBURGH 


CHICAGO  SAN  FRANCISCO 


PORTLAND 


SEATTLE 
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FULTON 

Oil  and  Steam  Engines 

Are  Backed  by  Our  Reputation  for  Reliability 
** Sixty  Years  of  Successful  Manufacturing'' 

We  build  our  machinery  complete  in  our  own  plant.  Long-  ex- 
perience has  demonstrated  the  proper  materials  to  be  used  in  our 
castings  and  our  workmanship  is  of  the  highest  class. 

Fulton=Tosi  Oil  Engines,  Diesel  Type 

Fulton=Corliss,  Medium  and  High  Speed  Engines 

Write  for  Oil  Engine  Bulletin  "A." 

FULTON  IRON  WORKS 


1259  Delaware 


ST.  LOUIS,  MO. 
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NORDBERG 

POPPET  VALVE   ENGINES 

Tl  1 1\  cvliiuk-r  and  val\c  n*.'iir  ol   the  latest   type  ot    X(jrdberg  high-spL-ed 
Poppet   \'alve   Engine   is   shown   in    tiie   accompanying  photograph. 
The  cylinder  is   a  cylindrical   casting  without    steam    or   exhaust 
chest,  separate  steam  and  exhaust  pipes  being  employed.    The  cylinder 
heads  are  cast  separately  from  the  cylinder  and  contain  the  valves, 
which  are  of  the  equilibrium  type,  with  ground  faces  and  seats.    The 
\alve  cages  are  separate  castings. 

The  valve  gear  is  of  a  high  speed  design,  positively  operated 
from  a  revolving  lay  shaft,   driven   through   bevel  gears  from  the  I 
main  shaft.     An  eccentric  oscillates  the  cam  which  opens  and  closes 
the  Poppet  Valve  positively  without  the  use  of  springs.     The  gov- 
ernor is  of  the  shaft  typt , 
and    controls    the    cut-off. 


Xordberg    Poppet  Valves  are 
fitted  to  the  ordinary  (counter-flow) 
steam  engines,  to  the  Uniflow  Engine, 
to  blowing  engines,  air  compressors  and 
pumping  engines.    For  information  on  Xord- 
berg Poppet  Valve  Engines,  send  for  Bulletin 
No.  25.     Also  ask  for  Bulletin  Xo.  21,  on  Xordberg.  j 
I'nifiow  Engines,  a  number  of  which,  some  with  Cor- 
liss and  some  with  Poppet  Valves  are  now  in  service. 

NORDBERG   MFG.  CO. 

MILWAUKEE,    WISCONSIN 

Manufacturers  of  Hiph  Efficiency  Corliss  Engines;  Uniflow  En- 
gines; Poppet  Valve  Engines;  .\ir  Compressors;  Blowing  Engines; 
Hoisting   Engines;     Pumping    Engines;    and    other    machinery. 
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MACHINERY 


Davis 

Redticiuii 
Valves 
Save 
Steam 


Send  for  Catalog  No.  8 
showing  the  full  line  of 
Davis     Valve     Specialties. 


The  Davis  Reducing  Valve 

FOR  atitomatically  maintaining  less 
than  boiler  pressure  on  your  heating 
system,  cooker,  dry-kiln,  pump,  small 
engine  or  other  apparatus,  you  want  a 
Davis  Reducing  \'alve. 

This  well  designed,  accurately  made  valve  has 
a  successful  record  of  forty  years  back  of  it.  It 
was  the  first  good  reducing  valve  made  in  this 
country  and  it  is  more  in  demand  today  than 
any  other  make. 

Simplicity  makes  for  efficiency.  This  valve 
has  no  diaphragm,  springs,  toggles,  packing  or 
small  ports.  Its  principle  of  operation  is  the 
balancing  of  pressure  by  counter-weights — the 
simplest  and  most  dependable  construction  pos- 
sible. 

Having  a  perfectly  balanced  disk,  the  Davis  Regulator 
is  not  affected  by  fluctuations  in  the  high  pressure.  It 
will  maintain  a  constant  reduction  to  within  a  fraction  of 
a  pound,  regardless  of  variations  in  the  boiler  pressure. 

Get  a  Davis  the  next  time  you  buy  a  reducing  valve. 
It  is  fully  guaranteed. 

G.    M.    Davis     Regulator     Company 

439  Milwaukee  Ave.  Chicago,    Illinois 

Xpw  York        Boston        Philadelphia        Pittsburgh         San  Francisco 
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MECHANICAL  ENGINEERS! 

every  man  of  you  who  has  to  do  with  the  buying, 
installation  or  operation    of    steam-plant  equipment 

YOU  NEED  THIS  FREE  BOOK 

It  takes   up  in   complete  detail — 

the  more  economical  production  of  steam — the  sav- 
ing of  coal  the  saving  of  labor  the  elimination  of 
wear  and  tear  on  men — the  prevention  of  cold  air 
entering  boilers — the  securing  of  greater  boiler 
capacity  from  the  Elimination  of  Soot  by  the 

Vulcan  Soot  Cleaner 

The  booklet  also  contains  valuable  tables  and  the  reports  of  many 
authoritative  tests.  Your  copy  will  be  sent  on  the  next  mail 
after  we  receive  your  name  and  address.      Write  today. 


G.  L.  SIMONDS  ®.  CO. 


228  So.  La  Salle  Street 


CHICAGO,  ILL. 
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lUNKENHBMEif 

■■  NON-RETURN 

SAFETY  BOILER  STOP  VALVES 

Prevent  steam  from  other  boilers  of  a  battery  discharging  into  one  that  is  disabled. 
A  sudden  decrease  in  pressure  in  any  boiler  will  cause  a  Lunkenheimer  Non-return  Safety 
Boiler  Stop  Valve  attached  to  that  boiler  to  immediately  close,  and  will  not  open  until  the 
pressure  equalizes  that  of  the  other  boilers  in  the  battery. 

Among  other  products  manufactured  by  The  Lunkenheimer  Company  may  be  men- 
tioned Globe,  Angle,  Cross,  Check,  Lever,  Gate,  Pop  Safety,  Relief,  Throttle,  Blow-off, 
Screw  Down  Check  Valves,  etc.;  "Puddled"  Semi-steel  and  Cast  Steel  Valves  of  all  types; 
Water  Columns,  Gauges  and  other  Boiler  Mountings;  Whistles  and  Ground  Key  Work  of 
all  descriptions;  Injectors  and  Ejectors;  Lubricators  and  Lubricating  Devices;  Oil  Pumps, 
Oil  and  Grease  Cups,  Gasoline  Engine  Appliances,  etc. 

Your  local  dealer  can  furnish  them;  if  not,  write  us. 

A  complete  description,  with  illustrations  of  the  entire  line,  can  be  had  by  relerring 
to  Lunkenheimer  Catalogue  No.  50.     Write  for  a  copy. 

IH£  LUNKENHEIMER  £2: 

'°-4c  -^-"QUALITY"-— 

Largest  Manufacturers  of  High  Grade  Engineering  Specialties  in  tlie  World 


CINCINNATI,    OHIO 


New  York 


Chicago 


Boston 


London 
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The  world's 
greatest  load 

is  carried  by 

Goodi^ich 

lOMSltt^SMMEEDN 
eONVfiYOR  IMS 

at  lowest  tonnage  cost 

Great  plants  all  over  the  earth  are  persistent 
users  of  these  efficient,  power-saving,  long-lived 
belts.     Performance   is    their    highest    recom- 
mendation.    We  will  gladly  refer  y<5u  to 
plants  which  are  finding  oyir  belts  best. 


Goodrich  Products : 

Coiiveyiir  Bt-lts 
Elevator  Belts 
Transmission  Belts 
Hose — All  Kinds 
Packing 
Valves,  etc. 


The  B.  F.  Goodrich 
Company 

Factories :  Akron,  Ohio 

Branches  in  All 
Principal  Cities 


There  is  nothing  in    Goodrich 

Advertising  that  isn't  in 

Goodrich   Goods 


u    II  mil  II 
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The 


Steel 


obtainable  might  be  made  into  wire  which 
would  be  too  hard  and  brittle  to  make  a 
good  wire  rope. 

Or  the  wire  might  be  of  a  quality  that 
would  stand  all  tests  and  yet  make  a  poor 
rope,  because  of  lack  of  care  and  skill  in 
stranding,  or  because  of  an  improper  design. 

The  good  rope,  the  kind  which  wears 
welljand  gives  satisfactory  service,  is  made 
from  wire  of  uniform  quality,  stranded  to- 
gether in  a  workmanlike  manner  in  accord- 


ance with  designs,  planned  in  the  light  of 
experience  in  manufacture  and  close  study  of 
the  operation  of  wire  rope  in  use. 

The  rope  that  bears  the  above  trade  mark 
is  known  wherever  wire  rope  is  used  as  one 
which  wears  well  and  gives  the  best  service  of 
which  wire  rope  is  capable. 

Such  a  reputation  is  not  an  accident  but 
the  natural  result  of  a  thorough  appreciation 
of  what  must  be  done  to  make  a  good  rope, 
and  the  necessary  facilities  for  doing  it. 


John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 
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"Current  Consumption 
Greatly  Reduced^' 


Doesn't  this  mean  that  "Sells"  Roller  Bearings 
have  reduced  the  entire  cost  of  manufacture? 
And  doesn't  this  carry  with  it  either  a  larger 
profit  on  the  article  or  a  lower  selling  price? 
n  any  event,  it  shows  a  way  to  cheaper  pro- 
duction and  distinct  monetary  savings. 

"Sells"  Roller  Bearings 

with  split  sleeves,  split  roller  retainers  and 
split  boxes  have  made  the  same  records  as 
written  in  Mr.  Herzog's  letter,  in  the  hundreds 
of  plants  in  which  they  have  been  installed. 
Ask  your  machinery  dealer  or  write  us  for  full 
information.  We'll  be  glad  to  send  it  along. 
Or  why  not  write  Mr.  Herzog? 


Power  Transmission  Machinery,  Punches  and 
Shears,  Grinders.  "Rollerine."  the  roller  bear- 
ing lubricant. 


miK 


Royersford    Fdy.  &    Mach.  Co 

60  No.  5th  St.,  Philadelphia,  Pa. 


mk 


Dcmble  Triimway  at  the  Chattahooche  Brick  Co. 

ANNOUNCEMENT 

THE  Ambursen  Company  announces  that  it  has  this  day  leased  for  a  term  of  years  the  property  and 
plant  of  the  CONSOLIDATED  TRAMWAY  COMPANY,  of  Roanoke,  Va.,  and  will  hereafter  operate 
same  under  the  sub-title  of  "Tramway  Department."  ^  With  its  seasoned  Engineering  and  Business 
organization  the  Ambursen  Company  will  develop  as  a  special  field  all  that  is  implied  in  the  term  "Short- 
haul  Transportation."  Where  the  Railroad  ends,  Short-haul  Transportation  begins.  ^  Our  special  line  of 
manufacture  includes  not  only  the  well-known  Lawson  Automatic  Tramway,  but  also  the  Lawson  Flexible 
Conveyer,  the  Lawson  Cable-Traction  Railway  System,  etc.,  etc. 

Very  respectfully. 


November  2,  1914 


AMBURSEN  COMPANY,  (Tramway  Dept.)  61  Broadway,  N.  Y. 
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Attention  of 
Mechanical  Engineers 

Cut  "Ut  this  c»)up«jn,  attnch 
It  to  your  It-ttiT  head  and  wt* 
will  mall  our  full  set  of  cata- 
lofts  and  bulletins  lllustrut- 
Inft  and  descrlblnft  the 
Matht-ws  line  of  Standard 
Equipment,  c<in  si  sting  of 
(Gravity  Conveyers.  Auto- 
matic Elevators,  Gravity 
Roller  Spirals,  Gravity  Spiral 
Chutes,  etc.  Sooner  or  later 
you  will  have  use  for  the  In- 
formation given  In  our  liter- 
ature. 


THE  MATHEWS 


STANDARD 
ORIGINAL  LINE 

OF  CONVEYERS 


labor  Savin!}.CostCuttin^ 

CONVEYER 
EQUIPMENT 


For  All  Handling  Purposes 
Specify  MATHEWS'  CONVEYERS 

THE  OLDEST  AND  BEST-KNOWN  LINE 


Gravity  Roller 

Conveyers, 
Power  Conveyers, 
Automatic  Elevators, 

iStr;ilghl-llIt  ami  Inclined) 

Gravity  Roller  Spirals, 
Gravity  Spiral  Chutes, 
Straight  Chutes, 
Etc. 


Branch  offices  in  all  leading 

Amencan  cities  with   compe-  Branch  Factories  : 

tent  consulting  engineers  in  TORONTO,  ONT. 

charge.  LONDON.  ENG. 


Main  Office  and  Factory 
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SHAW  ELECTRIC  TRAVELLING  MONORAIL  HOIST 


The  SHAW   "F.T."  Monorail  is  DIFFERENT—The  Track-Switch  has  No   Moving  Part 


Six 

Ton 
Hoist 
Double- 
Lift  in 
Foundry 
Service 


Track 
Switches 

are 

Simple 

Safe 

and 

Reliable 


MANNING,  MAXWELL  &  MOORE,  Inc.,  Shaw  Electric  Crane  Co.  Dept 

GENERAL  OFFICES:  119  WEST  40th  STREET,  NEW  YORK  CITY 


Chicago,  111. 
Cincinnati,  O. 
Cleveland.  O. 


BRANCH  OFFICES 

Detroit,  Mich.  MUwaukee,  Wis.  Pittsburgh.  Pa. 

Boston.  Mass.  New  Haven.  Conn.  St.  Louis,  Mo. 

Buffalo,  N.  Y.  Philadelphia,  Pa.  San  Franasco.  t  al. 
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I.  P.  MORRIS  COMPANY 


PHILADELPHIA,  PA. 


Specialists  in  the  Design  and  Construc- 
tion of  High  Class,  High  Power,  and 
High  Efficiency  Hydraulic  Turbines 


Illustration  shows  one  of  six  turbines  designed  and 
built  for  the  Laurentide  Company  Ltd.,  Grand  Mere, 
P.  Q.,  Canada.  Unit  is  of  the  single  runner,  vertical 
shaft  type,  with  cast  iron  pit  liner.  Volute  casing  and 
draft  tube  are  formed  in  the  concrete. 

The  I.  P.  Morris  Company  have  built  or  have  under 
construction  turbines  of  this  type  aggregating  472,700 
horse-power. 

Inquiries  for  turbines  requiring  special  design  will  be  "       ju.ooo  h.  p.  turbine 

.,         .  ■  Head  76  feet.   '  Speed  120  R.  P.  M. 

given     every     attenttOn.  Mo»t  powerful  Turbines  of  this  Type  ever  bulk 


in  I  iniiniiig  ■  i  n       i  iiiui    i 


lyE     make     the    first    sale     but     CLYDE 
^^       HOISTS  make  the  second  and  subse- 
quent sales: 

Because  the  first  CLYDE  you  buy  will  make  good 
on  the  job  and  incline  you  towards  another  of  the 
same  breed. 

It's  a  habit  with  our  hoists! 


I    g  I  ■  niigi    ii   i      i      ■  i     iin 
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BIG  RED  CATALOG 
SENT  ON  REQUEST 


ALLIANCE 

Rail  Handling  Crane 

GANTRY   TYPE 

Embodies  the  latest  in  the  rapid  hand- 
ling of  rails.  This  crane  has  loaded  a 
car  of  light  rails  in  five  minutes. 


PITTSBUBG        /.>,■ /,y/y,;/ .VaWl 


a/^/A-  hcr/</j  /iinjcti  rrurrct       NEW  YORK 


IffEAl^LlA^CE  MaCHI^^E 

tf   *  l?kr  A1/WA.\CE,  OHIO.  ^  — 
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Franklin  Die-Cast  Bearings 

Meet 
Varied 
Require- 
ments 


OU  R  metals 
range  from 
our  "B"  or 
Premier  Babbitt, 
which  is  a  high 
grade  tin,  anti- 
mony, and  copper 
alloy  representing  the  best  alloy  obtainable  for  high 
speed  and  hea\'y  service,  down  to  the  babbitts  with 
a  large  lead  content  for  slow  speed  work. 

The  steel  dies  in  which  they  are  produced  insure 
accuracy  to  i/iooo". 

The  rate  of  production  secured  through  the 
Franklin  process  makes  competition  by  the  usual 
machine  methods  impossible. 

Write     for     Booklet     "K"     or 
send  blue  prints  for  quotation. 

Franklin  Manufacturing  Company 


404   South   GiHliIts  Stroet 


An  Enormous  Fund  of  Information 
At  Your  Service 

For  years  the  men  connected  with  the 
Sales  and  Technical  end  of  our  Lubricating 
Division  have  been  collecting  data  and  mak- 
ing tests  in  scienti.'ic  lubrication  of  machines 
of  all  kinds. 

We  now  have  on  hand  an  enormous 
amount  of  carefully  checked  and  tested 
information. 

This,  combined  with  the  excellent  quality 
of  the  goods  from  which  TEXACO 
LUBRICANTS  are  made  and  our  modern 
methods  of  refining  enables  us  to  recommend 
and  supply  you  with  the  particular  lubricant 
needed  for  your  particular  purpose.  No 
matter  what  kind  of  engine  or  machine  you 
employ,  we  can  confidently  promise  to  pro- 
vide efficient  lubrication  with  great  economy. 

Come  to  us  with  your  problems.  Our 
practical  experience  should  be  of  incalculable 
value. 

'  Texaco  Lubricants  cost  less  because 
they  save  more." 


THE  TEXAS  COMPANY 

Department   M.  E. 

17  Battery  Place  New  York  City 

Distributing   statinns  all  over   the  country 


Syracuse,  N.  Y.  |  | 
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FORTUNA 

Portable  Electric  Drills 


FOR 


Drilling,  Reaming  and  Tapping 


HAND  AND  BREAST  DRILLS 
HEAVY  SERVICE  DRILLS 

Ventilated  and  Watertight 


Fortuna  Machine  Company 

127   Duane  St.  NEW  YORK 


ALUMINUM     DIE-CASTINGS 

92'^',  aluminum  and  8' ,   copper 

offer   unusual    opportunity   to    reduce    production    costs 

These  strong,  light  and  very  accurate  parts  with  beautiful 
finish  and  uniform  metal  texture  are  being  made  exclusively  by  us 
and  are  the  result  of  many  years  of  experience  and  special  study. 

We  use  No.  12  aluminum  alloy,  which  is  pure  aluminum 
hardened  with  8%  of  copper.  This  is  generally  conceded  to 
be  the  toughest  and  strongest  aluminum  alloy  known  and  is  made 
even  more  serviceable  by  our  process  of  die-casting. 

Dimensions  are  accurate  to  within  .001  "  to  ,005"  according 
to  size  and  design. 

Further  details  and  samples  for  inspection  and  test  will 
gladly  be  furnished  on  request.  Quotations  will  be  submitted 
promptly  on  receipt  of  models  or  prints  and  advice  concerning 
functions  of  the  parts  and  quantities  required. 

COURT  a  NINTH  STS. 
BROOKLYN,  N.Y. 

Western  Planti  E.  Woodrufl  &  N.  12th  Sts..  Toledo.  Ohio. 

Makers  of  Aluminum  and  White  Metal  Die  Castings  and 
Babbitt-lined  Mronze  Hearings. 


Cutter  Accuracy 

The  Gear  Shaper  cutter  is  the  most  accurate 
tool  made  for  cutting  gears. 

The  claims  for  this  statement  are  based  upon 
the  following:     Each  cutter  is  an  original  gear. 

Its  tooth  form  is  generated  and  does  not 
depend  upon  formers  or  templates. 

Being  finished  by  grinding,  all  errors  of 
hardening  are  eliminated. 

Sharpening  does  not  alter  the  form  of  tooth 
cut  by  it. 

The  mechanical  processes  of  production  are 
such  that  the  limit  of  inspection  is  much  lower 
than  is  possible  of  any  other  gear  cutter. 

Cutters  of  high  speed  are  as  accurate  as  of 
carbon  steel. 

The  Fellows  Gear  Shaper  Co. 

SPRINGFIELD,  VT. 
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6-Ariti  Friction  Clutch  Pulley 


Power   Transmission 
Appliances 


FOR 


BELT  AND  ROPE  DISTRIBUTION 

Mechanical,     Economical,     Efficient 


Friction  Clutch  Pulleys 
Friction  Clutch  Couplings 
Friction  Clutch  Operators 
Head  Shaft  Hangers 
Sheaves 


Hangers  and  Pillow  Blocks 
Pulleys  and  Fly  Wheels 
Shaft  Couplings 
Floor  Stands 
Tension  Carriages 


Forged  and  Turned  Shafts,  etc.,  etc. 

FALLS  CLUTCH  &  MACHINERY  COMPANY 

CUYAHOGA  FALLS,  OHIO 

(Branches) 

NEW  YORK  CITY  BOSTON,   MASS.  CINCINNATI.  O. 

206  Fulton  St.  54  Purchase  St.  208  Elm  St. 
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High-Speed 

MOORE  (SL  >VHITE 
Friction    ClutcKes 

They're  positive  in  action — reli- 
able in  every  way — ^and  will  solve 
your    client's    clutch    problems. 

For   30   Years    the    Standard 

Let  us  prove   their  value.      A   card 
brings  our  igi5  catalogue. 


The  Moore  &  White  Company 

PHILADELPHIA,  U.  S.  A.  ■ 
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Automatic  Control 

Wherever  there  is  a  manu- 
facturing process  in  which  heat 
or  time  or  pressure  is  a  factor, 
the  Tagliabue  System  of  Auto- 
matic Control  will  save  fuel, 
lighten  labor  costs,  practically 
eliminate  waste,  improve  the 
quality  of  the  product,  and  ab- 
solutely guarantee  its  uniform- 
ity. 

Tagliabue  Controllers  usually 
earn  their  cost  in  a  few  months, 
and  they  last  a  life-time. 

If  you  will  tell  us  what  you 
make,  we  will  give  you  not  only 
the  successful  experience  of  other 
manufacturers,  but  complete  de- 
tails of  the  solution  of  your  own 
temperature  problems. 


CltJ.TAGLIABUE  MFG. CO. 


TEMPERATURE  ENGINEERS 

18  to  88  Thirty-Third  St.,  Brooklyn,  N.  Y. 


The  Highest  Development 

In    Very  Small  Indicating  Instruments 
for  Direct  Current 

is  marked  by  the- 


MODEL  280,  Single 

Range  Portable 

Voltmeter 

(One-<]uart<'r  size.) 


Miniature 
Precision  Instruments 

PORTABLE 

Volt- Meters,     Milli  voltmeters, 
Volt-Ammeters,  Ammeters, 
Mil- Ammeters 
are  supplied  In  single,  double  and  triple 
ranges,  the  Triple  Range  Volt-Ammeter 
comprising  8L\  Instruments  In  one.   This 
group  aiao  Includes  BATTERY  TEST- 
ERS. 

SWITCHBOARD 

Voltmeters,  Volt-Ammeters, 
Ammeters,  Mil-Ammeters 

This  new  line  of  Instruments  represents 
the   finest   development   of   small   size 
pivoted  moving  coil,  permanent  magnet 
type  ol  Instruments. 
They  embody  characteristics  which  have 
made  the  well-known  Weston  Standard 
famous   throughout   the   world .     They 
are  accurate,  dead  beat  and  extremely 
sensittve. 
They  may  be  left  continuously  In  circuit  at  full  load  and  are  shielded 
against  external  electrical  and  magnetic  Influences. 
They  are  substantially  constructed  and  have  the  longest  scale  ever 
provided  In  Instruments  of  similar  size. 

The  prices  are  surprLsinely  low  for  Instruments  of  such  quality. 
The  several  models  and  ranges,  offering  a  selection  from  over  300  differ- 
ent combmatlona.     They  are  ILsted   hi  BULLETIN   NO.  8.  WHICH 
WILL  BE  MAILED  UPON  REQUEST 

Weston    Electrical    Instrument    Co.,    Newark,    N.   J. 


MODEL  267,  Switch 

board  Ammeter 

(One-quarter  Size.) 


New  York  Boston 

Chicago  St.  Louis 

Philadelphia         Denver 


San  Francisco 

Detroit 

Cleveland 


Atlanta 

Richmond 

Montreal 


Toronto 

Berlin 

London 
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A  BOILER  SETTING  lined  entirely 
with  Betson  Plastic  Fire  Brick  is 
Gas  and  Air  tight. 

Fuel  losses,  as  high  as  25%  of  the  fuel 
consumption,  have  been  proven  to  be  due  to 
the  uncontrollable  air  leakage  through 
cracked  or  faulty  boiler  setting. 

This  means  money  and  why  not  let  us 
help  you  to  save  it  ?  Temporarily  by 
patching  up  the  holes  and  cracks;  per- 
manently with  a  new  One-piece  lining  of 
Betson   Plastic   Fire   Brick. 

Betson  Plastic  Fire  Brick  Co. 

Box  7312,   Rome,   N    Y 
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|F"      Direct  Contact 
FEED  WATER  HEATERS^ 
Cut  the  High  Cost  of  Boiling 

The  exhaust  steam  condensed  becomes  one-seventh 
of  the  feed  water  going  to  the  boilers.     One-seventh 
of^the  water  bill  is  saved,  as  well  as  about  twelve 
per  cent,  of  the  fuel.     H  The  unique  features  of 
the  contact  pipes,   the  evident  advantages  of 
upward    filtration,   and    other   details  of 
the  National  are  e.vplained  in  Cata- 
log No.  2 — -send  for  it. 


The  National  Pipe  Bending  Co. 

New  Haven,  Conn.  46-76 
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G.  H.  Wheeler  Condensers 

We  guarantee  our  apparatus  to  maintain  a  vacuum  as  close  to 

absolute  as  Is  commercially  possible,  and  with  ttie 

lowest  operating  and  maintenance  cost. 

The  C.  H.  WHEELER   "High  Efficiency  "  System 
of  Steam  Auxiliaries  includes  : 

C.  H.  WHEELER  High  Transmission  Surface  Condensers. 

C.  H.  WHEELER  Counter  Current  Central  Barometric;  anJ  High 
Vacuum  Low  Level  Jet  Condensers. 

C.  H.  WHEELER-PRATT  "ROTREX"  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-MULLAN  Patent  Vacuum  Pumps. 

C.  H.  WHEELER-THYSSEN  Hydraulic  Entralnment  Type  High- 
Speed  Vacuum  Pumps. 

C.  H.  WHEELER  IMPROVED  Rotative  Dry  Vacuum  Pumps. 

C.  H.  WHEELER  Centrifugal  Pumping  Machinery,  all  capacities. 
Belt.  Engine.  Turbine  or  Motor  driven. 

C.  H.  WHEELER-PRATT  Water  Cooling  Apparatus.  Forced  and 
Natural  Draft  designs.  Sold  on  efficiency,  durability  and  low 
maintenance  guarantees. 

C.  H.  WHEELER  Improved  Closed  Feed  Water  Heaters  for  primary 
or  auxiliary  service. 

C.  H.  WHEELER  Vertical  Enclosed  Self-Lubricating  Engines. 

C.  H.  WHEELER  Atmospheric  Exhaust  Valves. 

Multiflex  Automatic  Relief  Valves. 

Expansion  Joints. 

"  Everything  but  the   Turbine  " 

G.  H.  WHEELER  MANUFACTURING  CO. 

PHIUDELPHIA.   PENNA. 

BRANCHES 
New  York       Pittsburgh        Chicago  San  Franolsca       New  Orleans 

Boston  Cleveland  Cincinnati      Charlotte  Honolulu  T.  H. 
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Does  Your  Plant  Need  an  Engine  ? 


If  you  have  thoughts  of  buying  an  engine,  there  are  three 
questions  that  should  be  thoroughly  answered: 
Do  I  need  an  engine  ?    Has  the  engine  I  think  of  buying  the 
actual    money   value    asked    for   it  ?      Has   it  a  reputation 
that  will  bear  the  criticism  of  the  Engineer  who  knows  ? 

THE  FLEMING-HARRISBURG  ENGINE  answers  the  second  ques- 
tion better  than  pages  of  argument,  for  its  value  in  the  Engineering 
World  is  absolutely  known.      As  for  the  third  question,   the  WORLD 

knows  the  FLEMING-HARRISBURG  ENGINE,  knows  its  reputation  of  more  than  a  quarter  of  a  century,  knows  it 
has  always  been  honestly  made  and  sold.  The  sweetness  of  low  price  never  equals  the  bitterness  of  poor  quality. 
Bulletins  and  facts  sent  upon  request. 

HARRISBURG    FOUNDRY    AND    MACHINE    >VORKS 

HA.RRISBURG.  PA.>  U.  S.  A. 
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F  CENTRIFUGAL  PUMPING  MACHINERY 


I   m 
miL 


Morris  Machine  Works 


Baldwinsville,   N.   Y. 


HENION  &  HUBBELL,  Agents 
217-221  N.  Je&erson  St..  Chicago.  111. 

HARRIS  PUMP  &  SUPPLY  CO.,  Agents 

Pittsburgh,  Pa. 


H.  A.  PAINE,  Agent 
Houston,  Tex. 


New  York  OfiBce, 
39-41  Cortlandt  Street 


Charlotte.  N.  C. 
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tOXBORO 


THAOE      MARK 


INDICATING  AND  RECORDING 
GAUGES 

FOR  ALL  PURPOSES 

ALSO 

THERMOMETERS— TEMPERATURE  CONTROLLERS 
—PYROMETERS— TACHOMETERS— FLOWMETERS 

Send  for  Bulletin  No.  A.O.  74 

THE    INDUSTRIAL    INSTRUMENT    CO. 
FOXBORO,  MASS.,  U.  S.  A. 

New  York     Chicago     St.  Louis     Birminghain,  Ala.     San  Francisco 


BECO 


A  PRIME  mover  that  is  a  model  of  simplicity. 
Free  from  all  valves  with  the  exception  of  a 
■-i»T.»^m»T»-i    ^^^^  needle  valve,  which  uncovers  an  opening  into 
nil       RlIRMIMr^     FMl,lNF    ^^e  cylinder  of  less  than  %  of  an  inch  in  diameter. 
Vf  I  Li  -L9U  i\  11  1 11  \J    JLi  11  VJ  1 11  Li    Operates  on  the  Diesel  principle. 

We  guarantee  a  fuel  consumption  not  in  excess 
of  7/^2  gallons  of  crude  or  refuse  oil  per  loo 
B.  H.  P.  hours. 

STANDARD  SIZES  300  to  600  B.  H.  P. 

Lei  us  send  you  descriptive  matter  cover- 
ing details  of  construction  and  operation. 

HERBERT  B.  RUST,    Sales  Agent 

14-22  Peck  St.,    Providence,   R.   I. 
THE  BROWN  ENGINE  CO.,  Fitchburg,  Mass. 

"lli I        IM     i     IIII    I    I!  II     I  I  III!  IIII  IIII    lljIlllljllllllllllllliaililllllllOlllillllll^^^^^^^^^^^^  III  II         1      liiiii  u, 
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ELECTRIC  &  HAND  POWER  CRANES,  PORTABLE  ELECTRIC  &  MONORAIL  HOISTS 


ALFRED  BOX  &  CO.,  Philadelphia,  pa. 


i^ 

^j  r 

b 

The  Position  of  the  Operator 

cannot  be  improved  either  for  firing  the  boiler  or  view  of  the  load  and  is  entirely  unob- 
structed by  piping,  boom  latticing    or  other  obstructions.     Another   evidence   that   the 
designs  of 

0.  S.  LOCOMOTIVE  CRA SES 

are  the  most  "up-to-date"  on  the  market  and  are    the  result  of  many  years  ol  experience 
in  the  design,  manufacture  and  operation  of  such  equipment. 

They  have  been   made  the  standard  of   many  large  railroads  and  other  corporations 
and  their  popularity  is  evidenced  by  a  demand  for  them  which  has  always  taxed  our 
producing  capacity  to  the  utmost. 

ORTON  &  STEINBRENNER  CO. 

Miin    Offirp-  PHIP.^rirt     II  T                                                    VVnrks-   HIINTINODOV     INin 

THE  A.  &  F.  BROWN  CO. 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  MILLWRIGHTS 


POWER  TRANSMISSION  MACHINERY 

DESIGNED,  FURNISHED  AND  ERECTED 


Friction  Clutch  Pulleys 
and  Couplings 


SPECIAL  MACHINERY 


WORKS:  ELIZABETHPORT 
NEW  JERSEY 


_ ^         Gears    of  all  kinds 

IRON     CASTINGS  and  size. 

Sales  room:  79  BARCLAY  ST. 

NEW  YORK  CTTY 


dibii>iiiiiiiiiiii»:iiiiiiiiiiyiiiiiiiiibii]iiiiijj|Liijiiiiuiiiaiiiid)i 
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O.   K.    SPEED    REDUCING    TRANSMISSIONS 

will  rcdure  the  speed  of  your  motors  In  a  moat  eflBcIent,  compact  and  durable  way      Power  l'^ 
tiikeii  from  three  points,  mahlng  a  well-balanced  drive  of  great  emergency  strength. 
RATIOS  4  :  I  UP  TO  1600:  1 


O.  K.  Spred  Reducing  Trana- 
ml-sBlonfl  meet  the  demands  tor 
a  reliable  and  efficient  method 
fjr  reducing  the  motor  speed 
wlthuiit  the  use  of  belts  or 
rhaltig 


SEND  FOR  BULLETIN  No.  5 

D,  0.  JAMES  MFG.  CO.  1122  West  Monroe  St.,  Chicago    Reworking 

Established  1888 
SPECIALISTS     IN     CUT     GEARING 


The  O-  K.  Reducer  la  enclosed, 
which  positively  eliminates  all 
chances  of  dirt  or  dusi  getting  In 
_  parts,  and  leaves  no 
gears  exposed  to  Injure  the 
workman. 
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QUICK  DELIVERIES 


AUBURN 

BALL  THRUST  BEARINGS 


REGULAR  OR  SPECIAL 

STEEL,  BRASS  AND  BRONZE  BALLS        STATE  YOUR  NEEDS  OR  ASK  FOR  BULLETINS 
AUBURN  BALL  BEARING  COMPANY       20  Elizabeth  Street,  Rochester,  N.  Y. 


it:::iii'iiii(i<iiijiiiti!iiiiiiii!m(iiiiMiiiiiii!iiiii!:aiiii!ii<iii iiiiiuiiriitiiiiiiiiiiiiimioniniiiimiiiuiiiBiiiyiii]!^^^ 
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Set  Back  andpnimTrno 

ockedWheeluUUIllLnO 


are   absolutely    reliable   instruments   for  the  recording  of 
output  from  machines. 

In  their  design  special  attention  has  been  given  to  making  an 
instrument  which  will  operate  with  the  greatest  ease.  They  are  fur- 
nished with  the  following  forms  of  driving  mechanism:  Revolution, 
Direct  Drive  and  Rotary  Ratchet. 

Complete  catalogues  showing  over  25  different 
styles   of  counters    mailed    free    upon    request 

THE    VEEDER    MFG.    CO.,    Hartford,    Conn. 

16  Sargeant  St. 

Makers  of  Cyclometers,  Odometers,  Tachometers,  Tachodometers,  Counters 
and  Small  Die  Castings 


(Cut  Half  Size) 

The  "  Setback  Counter."  illustrated  above,  is 
suitable  for  use  in  counting  separate  lots  of  work  on 
Punch  Presses,  Printing  Presses,  Looms,  Stamping 
Machines,  Duplicators,  .\ddressographs,  Mimeo- 
graphs, Coil  Winders,  Pumps,  Engines,  Screw 
Machines,  Type  Setting  Machinery,  or  on  any 
machines  on  which  an  accurate  record  of  parts 
made  is  desired- 


R.  D.  WOOD  &  CO. 

PHILADELPHIA,  PA. 

BUILDERS  OF  Gas  Holders,  Single  and  Multiple  Lift;  Gas 
Plants;  Gas  Producer  Power  Plants;  Hydraulic  Presses  and 
Heavy  Hydraulic  Machinery;  Pumping  Engines,  Centrifugal 
Pumping  Plants;  Water  Works  Appliances;  Steel  Tanks;  Sugar 
House  Apparatus  ;  Heavy  Special  Machinery  ;  Theisen  Washers. 

MANUFACTURERS  OF  C.  I.  Pipe,  Gas  Works  Apparatus, 
Centrifugal  Pumps,  Hydraulic  Tools  of  all  description.  Hydrants 
and  Valves.  Gas  Producers. 


ENGINEERS 
IRON  FOUNDERS 
MACHINISTS 


lllllllllllllillllllH^^^^^^ 
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The  Rail  Joint  Company 

GENERAL  OFFICES  : 

185  Madison  Avenue,  New  York  City 

Makers  of  Base-Supported  and  ioo%  Rail  Joints  for  Standard 
and  Special  Rail  Sections,  also  Girder,  Step  or  Compromise,  Frog 
and  Switch,  and  Insulated  Rail  Joints,  protected  by  Patents. 


Over 
50,000 
miles 


Boston,  Mass. 
Chicago,  lU. 
Denver,  Colo. 
Portland.  Ore. 
Pittsburg,  Pa. 
St.  Louis,  Mo. 
Troy,  N.  Y. 

Montreal,  Can. 


Catalogs  at  Agencies 


Wolhaupter  Rail  Joint 


India  BIdg. 

Railway  Exchange  Bldg. 

Equitable  Bldg. 

Wilcox  Bldg. 

Oliver  Bldg. 

Commoawealth  Trust  Bldg. 

Burden  .\venue 


Board  of  Trade  Bldg. 


Rolled 

from 

Best  Quality 

Steel 


Weber  Rail  Joint 


London.  E.G..  Eng.  36  New  Broad  Street 

Highest  Awards— Paris,  1900:  Bufialo.  1901;  St.  Louis.  1904 

■■■(■■■■uiBiiiiMiiaiaiiiiiiiiiiiiiiBiiiiiiiiiiiis  <  ii. .  i .!...< .:..'!  I ' .  i.iiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


100%  Rail  Joint 
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■*  BUILT  BY         ' 

E.KEELER  CO. 

U.S.A.      . 


EST.\BLI.SHKD  1S64 

New  York 

Rochester 

Philadelphia 

Pittsburgh 

Cleveland 

Chicago 

Dallas 

San  Francisco 

Keeler    Water    Tube    Boilers 


No  feature  of  its  design  is  excelled. 
All  Wrought  Steel  Construction,  Straight 
Tubes,  Horizontal  Drum,  Vertical 
Baffle  Walls,  Rear  Casing,  perfect  equip- 
ment, accessible  and  compact.  This 
boiler  is  the  result  of  fifty  years  of 
boiler  shop  practice.  Built  in  units  75 
to  1500  Horse  Power 

Ask  lor  new  illustrated  cataloE 


iillllWWlWMIIWWilr 


'■■■■■■■■■111 


Green  Chain   Grate   Stokers 


For  Water  Tube  and  Tubular  Boilers 

GREEN  ENGINEERING  CO. 


Steger  Building 


Chicago,  III. 


Catalogue   "  G  " — Green  Chain  Grate  Stokers  for  free  burning  bituminous  coals. 
Catalogue   "  L  " — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue   No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 

Sent  on  application 


Sim 


I II  ill  I  I  M    » Diiin 


THE  BABCOCK  &  WILCOX  COMPANY 


85  LIBERTY  STREET,   NEW  YORK 


WATER   TUBE   STEAM   BOILERS 


STEAM  SUPERHEATERS 


MECHANICAL    STOKERS 


Works:  BARBERTON,  OHIO        BAYONNE,  N.J. 

BRANCH  OFFICES 


BOSTON,  36  Federal  St. 

PITTSBURGH,  Farmers  Deposit  Bank  Bldg. 

SALT  LAKE  CITY.  313  Atlas  Block 

CLEVELAND.  New  England  Bldg. 

LOS  ANGELES,  American  Bank  Bldg. 


PHILADELPHIA.  North  American  Bldg. 
NEW  ORLEANS.  Shubert  Arcade 
CHICAGO,  Marquette  Bldg. 
PORTLAND.  ORE.,  Wells-Fargo  Bldg. 
SEATTLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO.  99  First  Street 
DENVER.  435  SeTenteenth  Street 
ATLANTA.  Candler  Bldg. 
HAVANA.  CUBA.  llBj  Calle  de  la  Habaoa 
CINCINNATI.  Traction  Bldg. 


I     II    II 1 1 1 
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POP    SAFETY    VALVES,     RELIEF     VALVES 
PRESSURE  AND  VACUUM  GAGES 

OF  BOTH  REGISTERING  AND  RECORDING  STYLES 

All  of  a  superior  quality  and  guaranteed  to  give  greatest  efficiency,  dur- 
ability and  perfect  satisfaction.  Backed  by  a  reputation  secured  in  42  years  of 
successful  business. 

Complete  Catalogue  mailed  upon  request 

THE  ASHTON  VALVE  CO.- 

Established  1871 

271  Franklin  St.,  BOSTON,  MASS. 
128  Liberty  St.,  SlLW  YORK  174  N    Market  St  ,  CHICAGO 

IH     UILL  I  I  H  7 
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POWER  PLANT  EQUIPMENT 


ALMY  WATER  TUBE 

BOILER  CO. 

PROVIDENCE. 

R.  I. 

Manufacturers  of   Aliny   Patent 
pnipcller  and  .stern  vvlieel.  torpedo  ho 
kinds  of  stationary  work. 

Section 
ats,  fire 

d  Wa 
boats 

ter  Tulie 
launclies 

ISoilors  for 
.     Donkey 

ste 
Boi 

imships, 

ers  for  s 

river  steamers, 
tcaniships  and  fi 

both 
r  all 

Water  Tube 
Boilers 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO.        i^,f,?^„,fitl 

Pressure  and  Ilecordinj;  Gauges,  Eni!;ine  Room  (,'loeks  and  Countcr.s  for  all  purposes.  Iron  and 
Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive  use.  The  American  Thompson 
Improved  Indicator  with  new  improved  detent  motion.     The  .American  Ideal  Steam  Trap. 

S(c  /miifs  110,   111  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 

Gauges 

Indicators 


W.      N.      BEST  11   Bko.idwav  .\'EW  VOliK  IITV 

-\pparatus  for  and  ti'chnieal  information  relative  to  all  forms  of  liquid  fuel  equipment. 


Oil  and  Tar 
Burners 

Furnaces 


CHAPMAN  VALVE  MANUFACTURING  CO.  indian  orchard  mass 

Bu.sToN     New  Youk    St  l.oui.s     Pittsbur<.;h    Chicago    Phil.\delphi.\    San  Francisco 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates.    Send  for  catalogue. 
.SVp  imije  76  of  Condensed  Catalogues  of  Mechanical  Equipment,   1013   Votuun  . 


Valves 


CRESCENT  MANUFACTURING  CO. 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups 


SCOTTDAI.E. 


Lubricators 
Grease  Cups 


EDGE  MOOR,  DELAWARE 


EDGE  MOOR  IRON  COMPANY 

Builders  of  the  Edge  Moor  Water  Tube  Boiler.  Especially  suital)le  for  large  power  plants.  Steel 
construction,  straight  tubes,  all  hand  holes  elliptical,  unrestricted  circulation  which  permits  fon'ing 
fires   with  safety  and   economy. 

Sec  page  23  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Wafer  Tube 
Boilers 


ERIE  CITY  IRON  WORKS  erie.  pa 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable,  open  bottom  port- 
able, vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City  "Lentz,"  four  valve,  enclosed  high 
speed,  automatic,  center  crank,  side  crank,  portable  and  Feed- Water  Heaters  from  25  to  600  h.p. 


Steam  Boilers 
and  Engines 

Feed- Water 
Heaters 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 


IlARHISBrRG,  PA 


Manufacturers  of  Flcming-Harri.sburg  Horizontal  Engines,  Corli.ss  and  Single  Valve,  Simple.  Tandem 
and  Cross  Compound. 


Steam 
Engines 


Works:  HO.ME.STEAD,  PA. 
PITTSBURG.  PA. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Manufacturers  of  "Homestead  \alves.''    Straightway,  Three-way  and  Four-way,  for  blow-off  or  for 
highest  pressure  and  most  difficuit  service  for  water,  air  or  steam.    Valves  unlike  all  others. 
S(e  page  K2  of  Condensed  Catalogues  of  Mechanical  E<iuipuienl.   1013   \'iilunie. 


Valves 
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Valves 

Steam  Traps 
Separators 
Regulators 


THE  HUGHSON  STEAM  SPECIALTY  CO.  Chicago  ill 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water.  The  best  and 
only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve.  Pump  Regulators,  Separators, 
Steam  Traps,  Automatic  Stop  and  Check  Valves.     Write  for  complete  catalogue 


Magnesia 
Asbestos  and 
Brine  Pipe 
Coverings 


100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:  6097  Franklin 


ROBERT  A.  KEASBEY  CO. 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia  Asbestos  and  Brine  Pipe 
Coverings,  A.'<bestos  Products,  etc. 

See  page  138  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Valves 

lilow-off 
Valces 

Fire  Hydrants 


THE  LUDLOW  VALVE  MFG.  CO.  troy,  n  v 

Manufacturers  of  genuine  Ludlow  Gate  Valves  for  all  purposes.     Special  Blow-off  Valves.     Check 
Valves.     Foot  Valves.     Sluice  Gates.     Indicator  Posts.     Fire  Hydrants. 

See  pages  86,  87  of  Condensed  Catalogues  of  Mechanical  Equip^nent,  1913  Volume. 


Steam  Traps 


MOREHEAD   MANUFACTURING   CO.  Detroit  mich 

Return.  Xiiii-Ueturn,  \'acuuni  and  Condenser  Steam  Traps.  The  Morehead  Tilting  Steam  Trap  is 
the  original  design  of  tilting  trap,  having  bi'cn  on  the  market  for  a  quarter  of  a  century.  For  reliable  and 
satisfactory  service  this  type  of  trap  recommends  it.self.     Illustrated  descriptive  catalog  sent  on  request. 

See  pages  112,   113  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913   Volume. 


Governors 


THE  PICKERING  GOVERNOR  CO. 


PORTLAND.  CONN. 


Governors  for  Steam  Engines,  Turbines,  Gas  Engines.     Mechanical  Control  Power  Regulation. 
.See  page  131  of  Condensed  Catalogues  of  Mechanical  Equiptncnl,   1913  Volume. 


Valves 

Fire  Hydrants 


PRATT  &  CADY  COMPANY,  Inc. 


HARTFORD.  CONN. 


Branches    at    Albany.    Baltimore.    Boston.    Chicago.    Detroit. 
Indianapolis,  New  Orleans.  New  Y'ork,  PhiladelpiIlv.  Pittsburg. 


Manufacturers  of  Bras-.  Iron  and  Steel  Valves,  Fire  Hj-drants,  A.sbestos  Packed  Cocks. 
.See  pagc.-i  90,  9"  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Water 
Softening 

Purifying  and 

Filtering 

Systems 


WM.  B.  SCAIFE  &  SONS  COMPANY 


221  First  Ave. 
26  Cortlandt  St. 


PITTSBURGH.  PA. 
NEW  Y'ORK 


WIS-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering  Systems  for  boiler  feed  water 
ind  all  industrial  and  domestic  purposes. 


Steam 
Specialties 

Feed  Water 
Heaters 

Steam 
Separators 


THE  SIMS  COMPANY  erie  penna 

Designers  ami  Manufacturers  of  Steam  Specialties  and  Power  Plant  Appliances:  Closed  Feed  Water 
Iloatcrs,  Open  Feed  Water  Heaters,  Hot  Water  Generators-Convertors,  Laundry  Heaters,  Live  Steam 
and  Water  Mixers,  Exhaust  Heads,  Oil  Extractors,  Oil  Filters,  Compound  Feeders,  Garbage  and 
Ki^fu.sc  Burners,  Tanks. 


Gas  Producers 


LEXINGTON.  OHIO 


THE  SMITH  GAS  POWER  CO. 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure  types.     Mech.anically  Oper- 
ated Gas  Producers  in  large  units  for  power  and  heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants. 
See  page  22  of  Condensed  Catalogues  of  Mechanical  Equipment,   1913  Volume. 


Engines 

Refrigerating 
Machinery 


THE 

VILTER 

MFG. 

CO. 

Established 

1867 

1070-lOSS  C 

uINTOn  St. 

MILWAUKEE. 

WIS. 

Bull 
medium 

ders  of  Corliss 
or  high  speed 

Engines, 
Ice  anc 

Girder  or 
Refriger 

Heavy  Duty  TjTJe  Bed  for  Belted 

ation  Machines. 

or  Direct-Connected  Service, 
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WALWORTH  MANUFACTURING  CO.  boston  ma. 

Manufacturers  of  hish  grade  Brass,  Iron  and  Steel  Valves;  Power  Plant  Piping;  Serowod  :in<l 
Flanged  Fittinsis;  Pipe  Fitter's  Tools:  Genuine  iStill.son  Wrenches.  Parmel(-e  Wrenches,  Walco-IIex 
Wrenches. 


Vah-es 

Power  Plant 
Piping 

Wrenches 


POWER  TRANSMISSION 
HOISTING  AND  CONVEYING  MACHINERY 


THE  BROWN  HOISTING  MACHINERY  CO. 


CLEVELAND.  O..  U.S.  A. 

NEW  YORK  S.\N  FR.\NCISCO 

PITTSBURGH    CHICAGO    MONTRE.\L 

't?''m""^  Ji"''  ^I^nufavturors  of  all  kiiida  uf  Hoisting  Maihiiier.v.  including  Lopomotivo  Cranes.  Electric  Travelers, 
I-lieam  Trolleys,  Crabs.  W  inches,  etc..  as  well  as  heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  n-inforci  d 
concrete  ro  ifi.'.g. 

Sec  page  201  of  Condensed  Catalogues  of  Mechanical  Equipment,  191.3  Volume. 


Hoisting 
Machinery 


H.   W.   CALDWELL   «&   SON   COMPANY  newvork        Chicago 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid  and  screw  conveyors,  machine 
molded  gears,  jjulleys,  fly-wheels,  rope  sheaves  and  drives,  sprocket  wheels  and  chain,  buckets,  belting, 
sliafting  and  bearings. 

See  page  1S7  of  Condensed  Calalngiies  of  Mechanical  Equipment,    1913   Volume. 


Conveyors 

Elevators 

Power 
Transmission 


mishawaka.  i.nd 


DODGE  MANUFACTURING  COMPANY 

Everything  for  the  Mechanical  Transmission  of  Power,  Elevating  and  Conveying;  and  Water  Softeners. 
Write  for  "Power  Transmission  Engineering,"  the  most  complete  book  of  its  kind  published.  It  will  help 
you  in  yunr  specifications. 


Transmission 
Machinery 

Water 
Softeners 

Rope  Drives 

Conveyors 


THE  EASTERN  MACHINERY  COMPANY 


NEW  HAVEN.  CONN" 


Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Elevators,  Hoisting  Machine^ 
Friction  Winding  Drums,  Friction  Clutches  and  Friction  Clutch  Pulleys. 


Elevators 

Friction 
Clutches 

Pulleys 


THE  FAFNIR  BEARING  COMPANY 


NEW  BRITAIN.  CONN. 


High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest  standards  of  accuracy  in  the  world. 
Fafnir  Ball  Bearing  Hanger  Boxes  can  be  used  in  any  standard  hanger  frame. 


Ball  Bearings 


THE   HILL  CLUTCH   COMPANY  Cleveland  ohio 

Manufacturers  of  a  conij^lete  line  of  Power  Transmission  Machinery  for  belt,  rope  or  gear  driving, 
including  the  well  known  Hill  Friction  Clutches  and  Hill  Collar  Oiling  Bearings. 

See  page   lAti  of  Condriisrd  Catalogues  of  Mechanical  Equipment,   1913   VcAnme. 


Power 
Transmission 


LIDGERWOOD     MFG.     CO.  mU..urrS..  NEWYORK 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  warehouseman,  rail- 
roads, shipowTiers,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cableways  for  hoisting  and  conveying. 
Marine  Transfer  for  coal  and  cargo  handling. 


Hoisting 
Engines 

Cableways 

Marine 
Transfers 


PHILADELPHIA  CHICAGO 

INDIANAPOLIS 


LINK=BELT  COMPANY 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power  Transmission  Machinery. 
The  Link-Belt  Silent  Chain  Drive,  Coal  Tipples,  Coal  Wa.sheries,  Locomotive  Cranes,  etc. 
See  page  192  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Elevators  and 
Conveyors 
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Cranes 


THE  MORGAN  ENGINEERING  CO.  alliance,  oh lo 

Arc  the  larpcst  builders  of  KIcctrio  TravfliiiK  Cranes  in  the  world.  We  also  design  and  build  Steel 
Plants  complete,  Hammers,  Presses,  Shears,  Charging  Machines  :xnd  all  kinds  of  Rollinjj;  Mill  and  Special 
Machinery. 


Robins  Belt 
Conveyors 


ROBINS  CONVEYING  BELT  COMPANY  lap.nKRo.     newvork 

The  l{obins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of  conveying 
machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and  similar  materials  iinder  tl«' 
most  trying  conditions  of  service.    Correspondence  invited. 

.SVe  ])age  193  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Pulleys 

Paper  Friction 
Transni  ission 


1923  English  Ave. 
INDI.\.\AI'OLIS.  IND. 


THE  ROCKWOOD  MANUFACTURING  CO. 

Roekwood  Paper  Frictions  have  proven  their  unquestioned  superiority.  You  will  fwid  our  booklets 
regarding  Transmission  of  Power  by  Belts  and  PVicttion  Transmission  desirable  additions  to  your  engineer- 
ing library.     Furnished  free  to  members  upon  application. 


Cranes 

Mono-Rail 
System  s 


SHAW  ELECTRIC  CRANE  CO. 

Address  119  W.  tOth  St.,  Xew  York,  {Sec  Manning,  Maxwell  (t  Moore,  Inc.) 
Electric  traveling  Cranes  for  all  jiurjioses.     Gantry  Cranes.     Wharf  Cranes  and  Winches 
Rail  Svstems. 


MUSKEGON,  MICH. 


Mono- 


( 'ranes 
Hoists 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 


TOLEDO.  OHIO 


Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab  Bucket  Machinery;  Electric  and 
Hand  Power  Cranes,  all  types,  any  capacity;  Structural  Steel  for  Factor\'  Buildings. 


Elevating 

Conveying 

Power 

Transmitting 

Machinery 


(Successor?  to  WEBSTER  iMT'G  CO.)  TIFFIN.  OHIO 
E.4STERN  Branch :  SS-90 Re.ide  St.  NEW  YORK 


THE  WEBSTER  M'F'G  COMPANY 

Manufacturers  of  Elevating,  Conveying  ani.1  Power  Transmitting  Machinery  for  all  jiurposes.  Over 
thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufacturing  give  us  large  advantages. 
Belt  "Conveyors  for  nandling  cements,  ores,  sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power 
plants  and  buildings.     Chain  belting.     Gearing. 


Power 
Transmission 


T.  B.  WOOD'S  SONS  CO.  chambersburg.  pa. 

Modern  and  Ap|)roved  Appliances  for  the  transmission  of  Power.      Shafting,   Couplings,  Collars, 
Hangers,  Pulleys,  Belt  Tighteners,  Friction  Clutches,  Rope  Driving  Equipments. 

Sec  pages  154,  155  of  Condensed  Calalogucs  of  Mechanical  EquipmenI,  1913  Volume. 


STEEL  WORKS  AND  ROLLING    MILL  EQUIPMENT 


Engines 

Rolling  Mill 
Machinery 


MACKINTOSH,  HEMPHILL  &  CO. 

Engines,  single  and  compoimd,  Corliss  reversing  and  blowing.     Rolling  Mill  am 
of  all  kinds.     Shears,  Pvmches,  Saws,  Coping  Machines. 


PITTSBURGH.  PA, 


Hydraulic  Miwhinerv 


Blast  Furnace 

Blowing 

Engines 


WEIMER  MACHINE  WORKS  COMPANY  lebanon  pa 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Citider  and  hot  metal  cars.  Furnace 
Bells  and  Hoppers.  Rolling  Mill  castings.  Special  attention  paid  to  quick  repair  work  and  work  governed 
by  Engineers'  specifications. 
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MACHINE   SHOP  AND    FOUNDRY   EQUIPMENT 


THE  HEALD  MACHINE  COMPANY 


WOKCK.STEH,   MASS. 


Manufacturers   of   Grinding  Machines.      Internal   Grinders,    Cylinder   (irnuU-rs,   Surface   Grinders, 
Drill  Grinders. 


(Irinding 
Machines 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O 

Vertical   Turret   Machines,   2S"   and   34",      Vertical 

Boring   and 

Turning    Machines,    42"    to   84", 

inclusive. 

Heavy  Duty 
Boring  Mills 


THE    R.   K.    LE    BLOND   MACHINE   TOOL   CO.  Cincinnati  o 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Macliines.  They  are  scientific- 
ally-designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool.  It  will  pay  you  to 
investigate  our  machines.     Catalogue  upon  r<'r|uest. 


Lathes 

Milling 
Machines 


MUMFORD   MOLDING   MACHINE   CO.  ,or,K..r......       Chicago  ill 

Squeezing  Machines,  Hand  or  Power 
Jolt  Ramming  Machines,  Pneumatic  or  Electric 

See  page  216  of  Condensed  Cntnlor/ucs  of  Mechanical  Equipment,  1913   Volume. 


Split  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


Foundry 
Molding 
Machine 
Equipment 


WELLS    BROTHERS   COMPANY  Greenfield  mass 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting  Tools  and  Machinery. 


Taps  and  Dies 


BLOWERS,  FANS,  DRYERS,  ETC. 


P.    H.   &    F.   M.    ROOTS   CO.  connersville  ind 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum  cleaning,  for 
laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas  Exhausters,  High  Pressure 
Gas  Pumps.     Flexible  Couplings, 

See  pages  282,  283  of  Condcnsnl  Calaloijncs  of  Mechanical  Equipment,  1913  Volume. 


Blowers 

Gas 
Exhausters 

Pumps 


RUGGLES=COLES  ENGINEERING  CO. 


McCoRMicK  Bldg.  CHICAGO 

Hudson  Ti;h.min.\l        NEW  YORK 


Dryers.     Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of  materials. 
See  page  301  of  Condensed  Catalogues  of  Mechanical  Eijuipment,  1913  Volume 


Dryers 


B.  F.  STURTEVANT  COMPANY  hyde  park  mass 

We  make  equipment  to  force  or  exliaust  air  under  all  conditions.  Largest  standard  line  of  "ready  to 
deliver"  Fans  in  the  world  and  special  work  done  where  necessarj-.  Consulting  representatives  in  or  near 
your  city. 

iSee  pages  48,  49  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Fans 
Blowers 
Economizers 
Engines 
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PUMPS   AND   HYDRAULIC   TURBINES 


Pumps 
Condenners 


M.  T.  DAVIDSON  CO. 


43-53  Keap  St.  BROOKLYN".  X.  Y 

New  York:  154  N.-i-^-^uu  Si. 
Boston:  30  Oliver  St. 


High  gmdu  ooononiicul  I'umiJs  fur  ail  srrviop.'i.     Surface  aiul  Jet  Condensers. 


Water  Wheels 

Wood  Pulp 
and  Paper 
Machinery 


HOLYOKE  MACHINE  COMPANY 


IIOLYOKE,  MASS 
WORCESTER.  MASS. 


Water  Wheels  with  (Connections  and  f'oniplelc  Power  Transmission,  Water  Wheel  Governors,  Gear- 
ing, Wood  Pulp  and  Paper  Machinerj',  Pumps,  Hydraulic  Presides.    Special  Machinery  to  order. 


Turbines 

Paper  Mill 
Machinery 


J.  &  W.  JOLLY,  Inc.  holyoke.  mass 

McCorniick  Holyoko  Turbines  designed  to  suit  Mill  or  Hydro-Electric  Work.    Paper  Mill  Machi/iery, 
Shafting,  Gearing,  Pulleys  and  Freight  F.levators. 

See  page  298  of  Condeimcd  CalnUxjues  of  Michanicat  Equipment,   1913    Volnriic. 


Vacuum 
Pumps 


LAMMERT  &  MANN 


215-221  N.  Wood  St. 


CHICAGO.  ILL. 


Engineers  and  Machinists. 

Manufacturers  of  Rotary  Vacuum  Pumps  for  highest  dry  vacuum,  Lead  Pumps,  Rotary  Blowers,  etc. 


ELECTRICAL  APPARATUS,  ENGINEERING  MISCELLANY 


Aluminum 


ALUMINUM  COMPANY  OF  AMERICA 

Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 

See  page  2C7  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913   Volume. 


PITTSBURGH.  PA. 


Water 

Purifying 

Machinery 


SCOTTDALE.  PA. 


ELECTRIC  WATER  STERILIZER  CO. 

Manufacturers  of  Electrical  and  Mechanical  Water  Purifying  Machinery.  Our  Electric  Water  Steri- 
lizing Machine  is  both  economical  in  consumption  of  electric  current  and  so  simple  that  any  one  of  aver- 
age intelligence  can  take  care  of  it.  Guaranteed  to  deliver  pure  water.  Capacitie.s  of  stock  machines 
from  40  to  1000  gallons  per  hour. 


Ilright 

Cold  Finished 

Steel  Bars 


BEAVER  FALLS.  PA. 


UNION  DRAWN  STEEL  CO. 

Makers  of  Bright  Cold  I'inished  Bessemer,  Open  Hearth  Crucible  and  Alloy  Steels,  in  Rounds,  Flats, 
Squares,  Hexagons  and  Special  Shapes. 

See  page  2G3  of  Condensed  Catalogues  of  Mechanical  Equipment,  1913  Volume. 


Dynamos 
Motors 
Transformers 
Instruments 


WAGNER  ELECTRIC  MANUFACTURING  COMPANY        st  ions  mo 

Single-Phase  Motors.  Polypha.sc  Motor.^.  '^ran^formel■s.  Power  and  Pole  Type.  Instruments,  a 
complete  line.  A.  C.  Generators.  Converters  for  charging  vehicle  b:itteries  from  A.  C.  Rectifiers  for 
charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electric)  Equipments.  Automobile  Self 
Starters  (Electric),  etc. 
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CLASSIFIED  LIST  OF  MECHANICAL  EQUIPMENT 

Manufactured    by    Firms    Represented    in   The  Journal   of   The   American 
Society    of    Mechanical    Engineers 


AccninnIa<ors,    Uydranlic 

•  Alliance  Machine  Co. 
Alackintosh,    Hemptiill   &   Co. 
Mesta  Macliine  Co. 
Morgan  Engineering  Co. 

•  Wood  &  Co.,  R.  D. 
Aerial    Tranifvays 

(See  Tramways.  Wire  Rope) 
Air      Brakes.      Contpressors. 
Filter.s.    Reeeivers.    etc. 
(See  Brakes.  Compressors.  Fil 
ters.   Receivers,  etc.,   Air) 
Air-Jet    Lifts 

Scliutte  &  Koerting  Co. 
Air  Lift   Pnnipius  Systems 

•  Ingersoll-Rand  Co. 
Air    Washers 

(Jenera!   Condenser   Co. 

•  Sturtevant  Co.,  B.  F. 
Alloys 

•  Aluminum  Co.   of  .\mcrica 
Alternators 

(See  Generators.   Electric) 
Alnntinaiii.    Jnjj^ot 

•  Aluminum   Co.   of  America 
Alniuiiiniii,  Sheet 

•  Aluminum   Co.   of  America 
Ammeters,   Voltmeters 

(See  Electrical   Instruments) 
Ammonia     Condensers,     Fit- 
tlng;s,    ete. 
(See  Condensers,  Fittings,  etc.. 
Ammonia) 
Anvil    Bloeks 

•  Hooven,  Owens,  Rentschler  Co. 
Arc    Lamps 

(See  Lamps,  Arc) 
Arches,    Igruition    (Flat    Sus- 
pended) 
Green  Engineering  Co. 
Ashestos    Prodncts 

•  Keasbey  Co.,   Robt.  A. 
Ash    Ejectors 

(See  Ejectors,  Ash) 
AuBers,    Poiver    Coal 

Fairmont  Mining  Mach.  Co. 

Balanced    Main   Valves 

(See   Valves,    Balanced   Distri- 
bution) 
Barometers 

•  Togliabue  Mfg.  Co.,  C.  J. 
Ball   Bearing:s 

(See   Bearings.   Ball) 
Balls.    Brass    and   Bronze 

•  Auburn   Ball   Bearing  Co. 
Balls.    Steel 

•  Auburn   Ball   Bearing  Co. 

Barrels.   Tumbling 

Royersford  Foundry  &  Machine 
Co. 

Barrows,      Fnrnace      Chars- 
insr 

Weinier  Machine  Works  Co. 
Bearings.   Ball 

•  Auburn   Ball   Bearing  Co. 
Fafnir  Bearing   Co. 

Bearings.   Roller 

Royersford  Foundry  &  Machine 

Bearings.    Self-Oiling 

•  Brown  Co.,  A.  &  F. 

•  Caldwell   &   Son   Co.,    II     W 
Dodge    Mfg.    C... 

Doehler  Die-Casting  Co. 

•  Falls  Clutch  &  Machinery  Co. 
Franklin  Manufacturing  Co 

«  Hill    Clutch    Co. 
Jeffrey  Manufacturing  Co. 
Royersford     Foundry     &     Ma- 

chine  Co. 
Webster  Mfg.  Co. 
Wood's  Sons  Co..  T.  I'.. 
Bearings,  Thrnst 

•  Auburn   Ball   Bearing  Co. 
Fafnir  Rearing  Co. 

•  Hill    Clutch    Co. 

Bells      and      Hoppers.      Fur- 
nace 

Weimer  Macbiiic  Works  Co. 
Belt    Dressing 

Schieren  Co.,  Chas.  A. 

•  Texas  Co. 


Belt    Lacing 

Schieren  Co.,  Chas.  A. 

Williams  &  Sons,  I.  B. 
Belt    Lacing,   Steel 

Bristol  Co. 
Belt  Tighteners 

•  Brown  Co.,  A.  &  F. 

»  Caldwell  &  Son  Co.,  H.  W. 
Dodge    Mfg.   Co. 

•  Hill   Clutch   Co. 
Webster  Mfg.  Co. 
Wood's  Sons  Co.,  T.  B. 

Belting.   Chain 

(See  Chains  and  Chain  Links) 
Belting.    Conveyor 

•  (Goodrich  Co.,  B.  F. 
Manhattan  Rubber  Mfg.  Co. 

•  Rollins  Conveying  Belt  Co. 
Belting.    Rnbber 

•  Goodrich  Co.,  B.  F. 
Manhattan  Rubber  Mfg.  Co. 

Belting.   Leather 

.Schieren  Co..  Chas.  A. 
Williams  &  Sons.  I.  B. 

Belting.    Textile 

•  Goodrich  Co.,  B.  F. 

Bending        Machines,        Hy- 
draulic 

Morgan   Engineering  Co. 

•  Wood   &  Co.,    R.    D. 
Bins,    Susiieniled 

•  Brown      Hoisting      Macbinerx' 

Co. 
Blocks.    Tackle 

•  Clyde  Iron  Works 

•  Hunt  Co.,  Inc.,  C.  W. 

•  Roebling's   Sons  Co.,   Jobn  A. 
Blo^rers.   Centrifugal 

•  (^ieneral  Electric  Co. 
Blowers.   Fan 

(Treen  Fuel  Economizer  Co. 

•  Sturtevant  Co.,  B.   F. 
BlO'W'ers.    Pressure 

Lammert   &   Mann 

•  Roots  Co.,  P.   H.  &  F.  M. 

•  Sturtevant  Co..  B.  F. 
BlOYvers.    Rotary 

Lammert  &  Mann 
'  Roots   Co.,    P.    H.   &   F.   M. 

Schutte  &  Koerting  Co. 
BloTvers,   Soot 

Simonds  &  Co..  G.  L. 
Blo'wers.   Steam 

Schutte  &  Koerting  Co. 

Boiler  Coverings.  Furnaces, 
Tube  Cleaners.  Tubes,  etc. 

(See  Coverings,  Furnaces. 
Tube  Cleaners.  Tubes,  etc.. 
Boiler) 

Boilers.   Heating 

•  Keeler  Co.,  E. 

•  Smith  Co.,  H.  B. 

Boilers.   Locomotive 

•  Clyde  Iron  Works 
Erie   City    Iron   Works 
Lidgerwood   .Alfg.   Co. 

Boilers.   Marine 

•  Almy  Water  Tube  Boiler  Co. 
Babcock  it  Wilcox  Co. 

•  Keeler  Co.,  E. 

Boilers.  Range  (Galva- 

nized 

Scaife  &  Sons  Co.,  Wm.  B. 
Boilers.    Tubular 

•  Clyde  Iron  Works 
Erie  City  Iron  Works 

•  Keeler  Co.,  E. 
Lidgerwood   .Mfg.   Co. 

Boilers.   'Water   Tube 
'  Almy   Water  Tube   Boiler  Co. 
Babcock  &  Wilcox  Co. 

•  Edge  Moor  Iron  Co. 
Erie  Citv  Iron  Works 
Heine  Safety  Boiler  Co. 

•  Keeler  Co.,  E. 

Bolt-Cutting    Machines 

Wells  Bros.  Co. 

Boring     and      Drilling      Ma- 
chines 

Manning.    Maxwell    v4    Moore. 
Inc. 
Boring    anil    Turning    Mills, 
Vertical 

King  Machine  Tool  Co. 


Brass-'Working    Machine 
Tools 

(See  Tools,  Brass-working  Ma- 
chine) 

Bre^vers*    and    Bottlers*    Ma- 
chinery 

*  Viltor    Mfg.    Co. 
Brick,  Fire 

*  Betson  Plastic  Fire  Brick  Co. 
Bridge     Traiilivays 

(See    Tramways,    Bridge) 
Briflges 

Toledo   Bridge   &  Crane   Co. 
Buckets,   E^levator 

*  Caldwell  &  Son  Co..  H.  W. 
.leffrey  Manufacturing  Co. 

*  I,ink-Belt   Co. 

*  RoI)ins  Conveying  Belt  Co. 
Webster  Mfg.   Co. 

Buckets.   Grab 

*  Brown  Hoisting  Machinery  Co. 

*  Clyde  Iron  Works 

*  Hunt  Co.,  Inc.,  C.  W. 
.leffrey  Manufacturing  Co.  ■ 

*  Link-Belt  Co. 

Orton  &  Steinbrenner  Co. 

*  Robins  Conveying  Belt  Co. 
Buckets,    Self-Dumping 

*  Brown      Hoisting      Machincrv 

Co. 

*  Clyde  Iron  Works 

*  Hunt  Co.,  Inc..  C.  W. 
Orton  &  Steinbrenner  Co. 

Bnlldozers 

*  Wood  &  Co..  R.  D. 
Burners,    das 

Weimer  Machine   Works  Co. 
Burners.    Oil 
Best.    W.    X. 
Schutte  &  Koerting  Co. 


Cable.   'Wire 

(See  Rope,  Wire) 
Cable   Railn-ays 

(See   Railways.  Cable) 
Cable^vays.    "Wire 

(See  Tramways.   Wire   Rope) 
Cables,   Electrical 

(See    Wire    and    Cables,    Elec- 
trical) 
Calenders.    Roll 

Farrel     Foundry     &     Machine 
Co. 
Calorimeters 

•  American      Steam      Gauge      & 

Valve  Mfg.   Co. 
Cam   Cutting  Machines. 

Garvin  Machine  Co. 
Car  Hauls.  Cable  and  Chain 

Fairmont  Mining  Mach.  Co. 

.Tefifrey  Mfg.   Co. 

Carriers       and       Elevators, 
Freight.    Continuous 

Jeffrey  Manufacturing  Co. 
=•  Link-Belt  Co. 

Mathews  Gravity  Carrier  Co. 
"  Robins  Conveying  Belt  Co. 
Webster  Mfg."  Co. 
Cars.    Cinder   and   Hot  Metal 

Weimer  Machine  Works  Co. 
Cars.   Dump 

•  Hunt  Co.,  Inc.,  C.  W. 
Weimer  Machine  Works  Co. 

Cars,    Freight    Elevator 

Eastern   Machinery   Co. 
Cars.    Industrial    RallTC'ay 

•  Hunt  Co.,  Inc.,  C.  W. 
'  Link-Belt    Co. 

Cars,    Motor 

•  Hunt  Co.,  Inc.,  C.  W. 
Castings,    .Vluminnm 

'  Aluminum   Co.   of  .\merica 
Castings.   Brass    and    Bronze 
Crescent   Mfg.   Co. 

•  Homestead    Valve    Mfg.    Co. 

Castings.    Die-Molded 

Doehler  Die-Casting  Co. 
Franklin  Manufacturing  Co. 

•  Veeder  Mfg.  Co. 

Castings,    Iron 

•  Brown  Co.,  A.  &  F. 
Builders  Iron   Foundry. 

•  Caldwell  &  Son  Co.,   H.  W. 


•  Falls  Clutch  &  Machinery  Co. 
Fairmont  Mining  Mach.  Co. 
Harrisburg     Foundry     &     Ma- 
chine   Works 

•  Hill   Clutch   Co. 
Ilolyoke    Machine   Co. 

•  Homestead  Valve  Mfg.  Co. 

*  Hooven,  Owens,  Rentschler  Co. 

•  Lunkenhelmer  Co. 
Mesta   Machine  Co. 

'  Robins  Conveying  Belt  Co. 
Royersford  Foundry  &  Machine 

Co. 
Weimer  Machine  Works  Co. 

*  Wheeler    Condenser    &    Engi- 

neering Co. 

•  Wood  &  Co.,  R.  D. 
Castings,   Semi-Steel 

Builders   Iron   Foundry 

•  Caldwell  &  Son  Co.,  H.  W.- 
Fairmont Mining  Mach.  Co. 

*  Hill    Clutch    Co. 

*  Hooven,  Owens,  Rentschler  Co. 

*  Lunkenhelmer  Co. 

•  Wood  &  Co.,  E.  D. 

Castings,   Steel 

Mackintosh,    Hemphill    &   Co. 
Mesta  Machine  Co. 
Celluloid         and        Linoleum 
Machinery 
Farrel     Foundrv     &     Machine 
Co. 
Cement,   Belt 

Schieren  Co.,  Chas.  A. 
Cement,  Fire   Brick 

•  Betson  Plastic  Fire  Brick  Co. 
Cement    Machinery 

*  Hill  Clutch  Co. 
Centrifugal   Pumps 

(See  Pumps,  Centrifugal) 
Chain    Drives 

•  Link-Belt   Co. 
Chain   Grate   Stokers 

(See  Stokers,  Chain  Grate) 
Chains    and    Chain    Links 
♦Caldwell   &   Son   Co..    H.    W. 
Jeffrey  Manufacturing  Co. 

•  Link-Belt   Co. 

*  Robins  Conveying  Belt  Co. 
Weljster   Mfg.    Co. 

Channeling  Machines,  Mine 
and   Quarry 

•  Ingersoll-Rand  Co. 
Charging      Machines.      Fur- 
nace 

•  Alliance  Machine  Co. 
Morgan    Engineering  Co. 

Chimneys.   Steel 

(See  Stacks,  Steel) 
Chucking    Machines 

Garvin  Machine  Co. 

*  Jones  &  Lamson  Machine  Co. 
Le    Blond    Machine    Tool    Co.. 

R.    K. 

♦  Warner  &  Swasey  Co. 
Chutes 

Fairmont  Mining  Mach.  Co. 

•  Hunt  Co.,  Inc..  C.  W. 
Jeffrey   Mfg.   Co. 

»  Link-Belt   Co. 
Chutes.    Gravity    Spiral 

Mathews  Gravity  (Tarrler  Co. 

Circulators.   Feed   'Water 

Schutte  &  Koerting  Co. 
Circulators.    Steam   Heating 

Schutte  &  Koerting  Co. 

Clamps.   Pipe-Joint 

Yarnall-Waring   Co. 

Clamps.   Wire   Rope 

(See   Wire   Rope   Fastenings) 
Clutch    Leathers 

(See   Leathers,   Automobile) 
Clutches.    Friction 

*  Brown  Co.,  A.  &  P. 

*  Caldwell   &   Sou   Co.,    H.   W. 
Dodge  Mfg.  Co. 

Eastern   Machinery   Co. 

*  Falls  Clutch  &  Machinery  Co. 
Farrel  Foundry   ,&   Machine  Co. 

•  Hill    Clutch   Co. 
Hol.voke  Machine  Co. 
Jeffrey  Mfg.  Co. 

*  Link-Belt    Co. 

*  Moore  &  White  Co. 
Webster  Mfg.   Co. 
Wood's  Sons  Co..  T.   B. 
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ComI  and  Aak  HandllHg  Ma- 
ehlnery 

'  Brown      Hoisting      Machinery 
Co. 

•  Caldwell  &  Son  Co..  H.  W. 
Fairmont  Mining  Mach.  Co. 

•  Grevn  Engineering  Co. 

•  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey  Mfg.  Co. 

•  Link-licit   Co. 

Orton   .Sc    Steinbrcnner   Co. 

•  Robins   Conveying   Belt   Co. 
Webster  -Mfg.  Co. 

Coal   CruMlierA 

•  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey   .Mfg.   Co. 

•  Link  licit  Co. 

Orton  &  Stelnbrenner  Co. 

•  Robins    Conveying    Belt    Co. 
Webster  Mfg.   Co. 

Coal    Mine   Eqnipments   and 
Snpiilien 

Fairmont  Mining  Macb.  Co. 

Jeffrey   Mfg.   Co. 
Coal    MInine    Macbinery 

•  Ingersoil-Kand  Co. 
Jeffrey   Mfg.   Co. 

Coaline     Stations,     Ijocomo- 
tlve 

•  Brown      Hoisting      Machinery 

Co. 

•  Hunt  Co.,  Inc.,  C.  W. 

•  Link-Belt  Co. 
Webster  Mfg.   Co. 

Cocka,   Air   and   Gase 

•  Anierleau      Steam      Gauge      & 

Valve  Mfg.   Co. 
Ashton   Valve  Co. 

•  Jenkins  Bros. 

•  Lunkenheimer  Co. 

•  I'ratt  &  Cadv  Co.,   Inc. 
Walworth    Mfg.   Co. 

Coc-kM,    lllowoA 

•  Homestead    Valve    Mfg.    Co. 

•  l.iHikenlieimer   Co. 

•  I'ratt  &  Cady  Co.,   Inc. 
Walworth    .Mfg.   Co. 

Cocks,        Tltree-'way        and 
Fonr-Tvay 

•  .XmerUan      Steam      Gauge      & 

Valve  Mfg.   Co. 

•  Homestead  Valve  Mfg.  Co. 

•  Lunkenheimer   Co. 

•  Pratt  &  Cadv  Co..   Inc. 
Walworth    Mfg.   Co. 

Coils.   Pipe 

National  Pipe  Bending  Co. 

•  Viltcr  Mfg.   Co. 
Coke    Oven    Machinery 

•  Alliance  Machine  Co. 

•  Brown       Hoisting      Machinery 

Co. 

Cold     Stf»rji««'     Iii.siilati«»ii 

•  Ke.-isbey    Co.,    Kolit.    A. 

Cold    Storage   Plants 

•  De  La  Vergne  Machine  Co. 

Coilars.    !SliaftinK 

•  Caldwell   &   Sou  Co..    H.    W. 
Dodge    Mfg.    Co. 

'  Hill    Clutch    Co. 
Royersford     Foundry     &     Ma- 
chine  Co. 
Woods  Sons  Co..  T.  B. 

Coll«'CtorN,    Dnst 

•  Sturtevant  Co..    B.    F. 

Combastion    Recorders 

Simonds    &    Co..    G.    L. 

Compressors,    Air 

•  Devine  Co.,  J.   P. 

•  General  Electric  Co. 

•  Goulds  Manufacturing  Co. 

•  Hooven,  Owens,  Rentschler  Co. 

•  Ingersoll-Rand  Co. 
Mackintosh,    Hemphill    &    Co. 
Mesta  Machine  Co. 

•  Nordberg  Mfg.  Co. 

•  Roots  Co.,   P.   11.  &  F.  M. 
Comiircs.sors,  Air.  Compound 

•  Ingersoll-Rand  Co. 

•  Nordberg  Mfg.  Co. 

Coiiiprt'ssors.     .Viiiiiioiiia 

■>  Vilter  MIg.   C". 

Compressors,    Gas 

•  Hooven.  Owens,  Rentschler  Co. 

•  Ingersoll-Rand  Co. 
McBta  Machine  Co. 

•  Nordberg  Mfg.  Co. 

•  Hoots  Co..  P.    11.  &  F.  .M. 

Concrete    Heinforcement 

»  Brown      Hoisting      Machinery 
Co. 

Condensation     Pnm^s     with 
Automatic    Receivers 

(See       Pumps.       Condensation, 
with   .Vutomatic   Receivers) 


Condensers 

l>avidson   Co.,   M.  T. 

•  Devlnc  Co.,  J.  -P. 

•  Nordberg  Mfg.  Co. 

•  Wheeler     Condenser    &    Engi- 

neering Co. 
Condensers,   Ammonia 
ite  La  Vergne  Machine  Co. 

•  Vilter  Mfg.   Co. 
Condensers,   Barometric 

.Mesta  .Machine  Co. 

•  Wheeler     Comlcnser    &     Engi- 

neering Co, 

•  Wheeler  Mfg.  Co.,  C.   H. 
Condensers,   Jet 

Davidson  Co..  M.  T. 
(ieneral  Condenser  Co. 
Sehutte  &  Koerting  Co. 

•  Wheeler    Condenser    &    Engl 

neerlng  Co. 

•  Wheeler  Mfg.  Co.,  C.  H.  { 
Condensers,    Surface  { 

Davidson  Co.,   M.  T. 
(Jeneral  Condenser  Co. 

•  Wheeler     Condenser    &    Engi- 

neering  Co. 

•  Wheeler  Mfg.  Co..  C.   H.  [ 

Controllers,  Antoniatic,  (or 
'I'enipcrature  or  for  Pres- 
sure 

I  See  Regulators  I 
Controllers.   Electric 

•  General  Electric  Co. 
Morgan    Engineering    CVi. 

Converters.    Synchronous 

•  General  Electric  Co. 
Conveying    Machinery 

.\mbursen    Co. 

•  Caldwell  &  Son  Co.,  H.  W. 
Dodge   .Mfg.   Co. 
Fairmont  Mining  Mach.  Co. 

•  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey   Mfg.   Co. 

•  Link-Kelt  Co. 

Mathews  Gravity  Carrier  Co. 

•  Robins  Conveving  Belt  Co. 
Webster  Mfg."  Co. 

Conveyinpr     Systems,     Pneii 
niatic    (Light    Mnteriall 
(ireen    Fuel    Economizer   Co. 

•  Sturtevant   Co.,    B.    F. 
Conveyors,    Belt 

•Caldwell  &  Son  Co.,   H,  W. 

Fairmont  Mining  Mach.  Co. 

Jeffrey  Manufacturing  Co. 
"  Link-Belt   Co. 
^  Rubins  Conveving  F.eK   Co. 

Webster   Mfg.    Co. 

C'iinveyors,    Bucket,    I'an    or 
.\pron 

-•■aldwell   &   Son  Co..   H.  W. 
Fairmont  Mining  Mach.  Co. 

•  Hunt  Co.,  Inc..  C.  W. 
Jeffrev  Manufacturing  Co. 

'-  Link  r.elt   Co. 
Welister  Mfg,  Co. 
Conveyors,    Gravity 

Mathews  Gravity  Carrier  Co. 

Conveyors.     Gravity     Roller 

Mathews  Gravity  Carrier  Co. 

Conveyors,    Scre^v 

•  Caldwell   i:    Sen   Co..    H.  W. 
.leffrev  Manufn<'turinir  Co. 

•  Link  P.elt  <•... 
WelistcT    Mfg.    Co. 

Cooling    Ponds,    Spray 

Sehutte  &  Koerting  Co. 

Cooling    To-^vers 

•  Wheeler    Condenser    &     Engi- 

neering Co. 

•  Wheeler  Mfg.  Co..  C.   H. 

Copper,    nraivn 

•  Uoebling's    Sons   Co..   John   A. 

Coiipcr    "Wire    and    Cahles 

(See   Wires   and   Cahles.    Elec 
Irii-al) 

Copper   Converting   Machin- 
ery 

•  .\  Ilia  nee  Machine  Co. 

Corliss    l<^ngines 

(See  Engines,  Corliss) 
Counters,    Revolution 

•  .Vmeriean       Steam      Gauge      & 

Valve  Mfg.  C.i, 
Ashton  Valve  Co. 
Bristid  Co, 

•  Veedcr  Mfg.  Co. 

Couiiterslia  tts 

Builders   Iron   Foundry 
Dodge  Mfg.  Co. 

•  Hill   Clutch    Co. 
Wood's    Sons   Co.,   T.    B. 

Counting     Machines,      Auto- 
matic 

•  Vi'eder  Mfg.  Co. 


Coaplingrs,   Flexible 

•  Falls  Clutch  &  Machinery  Co. 

•  Hooven,  Owens,  Rentschler  Co. 
«  Roots   Co..    P.    H.   &   1'.   M. 

Couplings,    I'ipe 

•  Lunkenheimer  Co. 

•  Pratt   ,v  Cadv  Co..   Inc. 
Walworth    .Mfg.    Co. 

Couplings,   Shaft 

•  Brown  Co.,  A.  &  F. 

•  Caldwell   &   Son  Co.,    U.   W. 
Cumberland  Steel  Co. 
Dodge    .Mfg.   Co, 

•  Falls  Clutch  &  Machinery  Co. 

•  Hill    Clutch    Co. 
Ilolvoki'  .Machine  Co. 

•  Moore  &  White  Co. 
Royersford     Foundry     &     Ma- 

cbine   Co. 

Webster  Mfg.   Co. 

Wood'.s  Sons  Co..   T.   P.. 
Couplings,   Union 

(See  Unions) 
C'onplings,     I'liiverNiil     Joint 

Woods  Sons  Co.,  T.  B. 
Covering,    Bf»iler 

•  Keasbey    Co.,    Uobt.    A. 
Citverlng,   l*ipe   and   Tank 

•  Keasbey    Co.,    Robt.    A. 
Covering,  Steam   Pipe 

•  Keasbey   Co.,    Robt.   A. 
Cranes,   Electric  Travelling 

•  .\lliance  Machine  Co. 
Box  &  Co..  .\lfred 

•  Brown      Hoisting      Machinery 

Co. 
Manning,    Maxwell    &    Moore, 

Inc. 
Morgan   Engineering  Co. 
Shaw   Electric   Crane   Co. 
Toledo   Bridge   &  Crane   Co. 
Cranes,    Gantry 

•  Alliance  Machine  Co. 

•  Brown       Hoisting      Machinery 

Co. 

•  Link-Belt   Co. 

Manning,    Maxwell    &    Moore. 

Inc. 
Morgan   Engineering  Co. 
Orton  &  Stelnbrenner  Co. 
Shaw  Electric  Crane  Co. 
Toledo    Bridge   &   Crane   Co. 
Cranes,    Hand    Poiver 
Box  &  Co.,  Alfred 

•  Brown       Hoisting      Machinery 

Co. 

•  Clyde  Iron  Works 

Toledo    Bridge   &   Crane   Co. 
Cranes,    Hydraulic 

•  Alliance  Machine  Co. 

•  Wood  &  Co.,  R.  D. 
Cranes.    Jib 

•  Alliance  Machine  Co. 
Box  &  Co..  Alfred 

'  Brown       Hoisting      Machinery 
Co. 
Morgan    Engineering  Co. 
Toledo  Bridge  &  Crane  Co. 
»  Wood  &  Co.,  R.  D. 
Cranes.   Locomotive 

•  Brown       Hoisting      Machinery 

Co. 
'  Link-Belt  Co. 
Morgan    Engineering  Co. 
Orton  &  Stelnbrenner  Co. 
Cranes,   Pillar 

•  Brown       Hoisting      Machinerv 

Co. 
Orton  &  Stelnbrenner  Co. 
Toledo  Bridge  &  Crane  Co. 
Cranes,   Portable 
'  Brown       Hoisting      Machinery 
Co. 

•  Clyde  Iron  Works 
Lidgerwood    Mfg.    Co. 

Cranes,   "Wliarf 

Shaw  Electric  Crane  Co. 
Crushers,    .la^v 

l'"ariel    I'oundry   &  Machine  Co. 
Crushers.    Roll 

lOastern    Macliinery   Co. 

Jeffrey  Manufactviring  Co, 

Orton  &  Stelnbrenner  Co. 
Crushing  and  Grinding  Ma- 
chinery 

Farrel    Foundry  &  Machine  Co. 

•  Fulton  Iron  Works. 
Jeffrey  Mfg.  Co. 

Cutters.    Bolt 
Wells  Bros.  Co. 


Damper  Regulators 

(See    Regulators.    Damper) 
Derricks    and    Derrick    Fit- 
tings 

■"  Brown       Hoisting      Machinery 
Co. 


•  Clyde  Iron  Works 
Lidgerwood   Mfg.    Co. 

Destructors,   Refuse 
Power    Specialty    Co. 
Die   Castings 

(See  Castings,  Die) 
Dies,      Screiv      and      Thread 
Cutting 

•  Jones  &  Lamson  Machine  Co. 
Wells    Bros.    Co. 

Dies,    Self-opening 

•  Jones  &  Lamson  Machine  Co. 
Wells    Bros.    Co. 

Digesters,   Pulp 

•  Hooven,  Owens,  Rentschler  Co. 
Discs,    Steel 

•  Auburn  Ball  Bearing  Co. 
Discs,   Valve 

( See  Valve  Discs) 
Distillers 

Davidson   Co.,    M.   T. 
Drainage    Systems 

•  Morehead  Mfg.  Co. 
Draft,   Mechanical 

(See     Mechanical     Draft     A]i 
paratus) 
Dredges,   Hydraulic 

•  Morris  Machine  Works 
Drilling  Machines.   Klectric 

Kortuna  Machine  Co. 
Drilling    Machines.    Hand 

Fortuna  Machine  Co. 
Drilling  Machines.  Multifile 
Spindle 
Garvin  Machine  Co, 
Drilling      Machines,      Pneu- 
matic 

•  Ingersoll-Rand  Co, 
Drilling  Machines,  Portable 

Fortuna    .Machine    Co. 
Drilling    Machines,    Rock 

•  Ingersoll-Rand  Co. 
Drilling  Machines,  Vertical 

Garvin  Machine  Co, 
Drills,    Coal    and    Slate 

Jeffrey   Mfg.  Co. 
Drop     Forgings,     Hammers. 
Presses,   etc. 
(See        Forgings.        Hammers, 
Presses,  etc..  Drop) 
Dryers,    Direct    Heat 
'  Ruggles-Coles    Engineering  Co. 

Dryers,   Rotary 

•  Devine  Co.,  J.  P. 

•  Ruggles-Coles    Engineering  Co. 
Dryers,   Vacuum 

•  Devine  Co.,  J.  P. 

Drying    Apparatus 

•  Devine  Co.,  J.  P. 

Green   Fuel   Economizer  Co. 
«  Ruggles-Coles    Engineering  Co. 

•  Sturtevant  Co.,  B.  F. 


Economizers,   Fuel 

4Treen   Fuel   Economizer  Co. 

•  Sturtevant  Co..  B.   F. 
Ejectors 

•  Lunkenheimer  Co. 
Manning,    ilaxwell    &    Moore, 

Inc. 
Sehutte  &  Koerting  Co. 
Ejectors,    Ash,    Hydraulic 

Davidson   Co.,    M.   T. 
Ejectors,    Asli,    I'lieiiinat ic 

'Green    Engineering    Co. 
Electric  Generators,  Hoists, 
Trucks,    Welding,    etc. 
(See         Generators.         Hoists. 
Trucks,   Welding,   etc..    Elec- 
tric) 
Electrical   Instruments 
Bristol  Co. 
Brown   Instrument  Co, 

•  General  Electric  Co. 
Wagner  El.Mtric  Mfg.  Co. 
Weston    Electrical    Instrument 

Co. 
Electrical   Machinery 

•  General  Electric  Co. 
Wagner  Electric  Mfg.  Co. 

Elevating     and     Conveying 
Machinery 

'  Caldwell  &  Son  Co..   11.  W. 
Dodge  Mfg.  Co. 
Fairmont  Mining  Mach.  Co. 

•  Hill   Clutch    Co. 

•  Hunt  Co.,  Inc.,  C.  W. 
Jeffrev  Manufacturnig  Co. 

•  Link-Belt  Co. 

Mathews  Gravity  Carrier  Co. 

•  Robins  Conveying  Belt  Co. 
Webster  .Mfg.  Co. 
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Elevators,    Electric 

Eastern    Machinery  Co. 

Elevators,    Inclined 

(See    CarrkTS    and    Elevati>rs, 
Freight.   Continuous) 
Elevators,      Passenger       ami 
Freight 
lOasteru    ilachinery   Co. 
Emery  Wheel   Dressers 

Builders    Iron    Foundry 
Emery    "Wheels,    Vulcanized 
Rubber 
Manhattan  Rubber  Mfg.  Co. 
Engine    Stops 

•  Nordberg  Mfg.  Co. 
Schutte  i  Koerting  Co. 

Engines.   Automatic 

•  Ball  Engine  Co. 

Erie  City    Iron  Works 
liarrisburg     Foundry     &     Ma- 
chine   Works 
Engines,    Blowing 

•  Hooveu,  Owens,  Rentschler  Co. 
Mesta  Machine  Co. 
Mackintosh.   Hemphill  &  Co. 

•  Nordberg  Mfg.  Co. 
Weimcr  .Machine  Works  Co. 

Engines,    Corliss 

•  Ball  Engine  Co. 
Brown   Engine  Co. 

•  Pulton  Iron  Works 
Uarrishurg     Foundry     &     Ma- 
chine Works 

•  Hooven,  Owens,  Rentschler  Co. 
Mackintosh.   Hemphill  &  Co. 
Mesta  Machine  Co. 

•  Nordberg  Mfg.  Co. 
Providence  Engineering  Works 

•  Vilter  Mfg.  Co. 
Engines,    Gas    and    Gasoline 

•  De  La  Vergne  Machine  Co. 

•  Hooven,  Owens,  Rentschler  Co. 
Lamnicrt  &  JIann 

Mesta  Machine  Co. 

•  National  Meter  Co. 

»  Sturtevant  Co..  B.  F. 
Engines,   High   Speed 

•  Ball  Engine  Co. 
Eric  City  Iron  Works 

•  Fulton  iron  Works 
Green  Fuel  Economizer  Co. 
Harrisburi;     I'^oundry     &     Ma- 
chine Works 

•  Nordberg  Mfg.  Co. 

•  Sturtcv.mt  Co..   B.  F. 
Engines.    Hoisting 

(See  Hoists,  Steam) 
Engines,    Oil 

Brown   Engine   Co. 

•  De  La  Vergne  Machine  Co. 

•  Fulton  Iron  Works 

•  Nordberg  Mfg.  Co. 
Engines,    Poppet    Valve,    for 

Superheated    Steam 
Erie  City    Iron   Works 

•  Nordberg  Mfg.  Co, 
Engines.    Pumping 

Davidson    Co..    M.   T. 

•  Hooven,  Owens,  Rentschler  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co.,  R.  D. 
Engines,    Steam 

•  Ball  Engine  Co. 
Brown  Engine  Co. 

•  Clyde  Iron  Works 
Erie  Cit.v   Iron   Works 

•  Fulton  Iron  Works 
Green  Fuel  Economizer  Co. 
liarrisburg     Foundry     &     Ma- 
chine Works 

•  Hooven,  Owens,  Rentschler  Co. 
Lidgerwood  Mfa.  Co. 
Mackintosh.   Heniphill  &  Co. 
Mesta  Machine  Co. 

•  Morris  Machine  Works 

•  Nordberg  Mfg.  Co. 
Providence  Engineering  Works 

•  Sturtevant  Co..  B.  F. 

•  Vilter  Mfg.  Co. 

Weimor  ftlacbine  Works  Co. 

•  Wheeler    Condenser    &    Engi- 

neering  Co. 
Engines,    Uniflo'w 

•  Nordberg  Mfg.  Co. 
Evaporators 

Davidson   Co..  M.  T. 
Excavating  Machinery 

•  Clyde  Iron  Works 
Lidgerwood   Mfg.  C<^ 
Orton  &  Steinbrenner  Co. 

Exhaust    Heads 

«  Sturtevant  Co.,  B.  F. 
Exhausters,   Gas     , 

Green    Fuel  Economizer  Co. 

•  Roots  Co..   P.   H.  &  F.  M. 
Schutte  &  Koerting  Co. 

•  Sturtevant  Co.,  B,   F, 


Expansion    Joints 

(See  .loints.  Expansion) 

Extracting   Apparatus 

*  Devine  Co.,  J.  P. 
iOxtriK'tors,   Tar 

Smith    Cas   I'owcr  Co. 


Fans.    Electric 

*  t_Jencral   Electric  Co. 
Green  Fuel  Economizer  Co. 

*  Sturtevant   Co.,    B.    P. 

j  Fans.    Exhaust    and    Tentl- 
I      Eating 

j  Fairmont   Mining  Mach.  Co. 

j         Green  Fuel  Economizer  Co. 
Jeffrey  Mfg.  Co. 

•  Sturtevant  Co.,  B.  F. 

Feed       Water       Circulators. 
Heaters.    Heaters  and  Puri- 
fiers,   Regulators,    etc. 
(See       Circulators,       Heaters, 
Heaters  and   Purifiers,    Reg- 
ulators,  etc.,   Feed  Water) 

Filters,    Air 

General  Condenser  Co. 
j  Filters,    OH 

*  Kichardson-Phenix    Co. 
Filters,    Water 

Scaifc  &   Sons   Co..    Wm.    B. 
Fire   Tube   Boilers 

(.See  Boilers,  Tubular) 
Fire  BricU,  Hydrants,  etc, 

(See  Brick,  Hydrants,  etc.) 
Fittings,    Alniiiinuni 

*  Aluminum   Co.   of  -Vmerica 
Fittings,    Ammonia 

•  De  La  Vergne  Machine  Co. 

•  Vilter    Mfg.    Co. 
Walworth    Mfg.    Co. 

Fittings.    Flanged 

Builders  Iron  Foundry 

•  Lunkenheimer   Co. 
Nelson  \'alve  Co. 
Walworth    Mfg.   Co. 

♦  Wood  &  Co.,  R.  D. 

Fittings.    Hydraulic 

Walworth    .Mlg,    Co. 
»  Wood  &  Co.,  R.  D. 

Fittings,    Pipe 

*  Lunkenheimer  Co. 

*  Richardson-Phenix    Co. 
Walworth    Mfg.   Co. 

Fittings,    Steel 

•  Lunkenheimer  Co. 
Nelson  Valve  Co. 
Walworth   Mfg.   Co. 

Flanges 

*  Lunkenheimer  Co. 
Walworth    Mfg.   Co. 

Flanging    Machines 

ilorgan   Eugineering   Co. 

Floor    Stands 

Chapman   Valve   Mfg.   Co. 
Davis   Regulator  Co.,  G.  M. 
«  Ludlow  Valve   Mfg.  Co, 

*  Lunkenheimer  Co, 
Nelson  Valve  Co. 

♦  Pratt  &  Cady  Co.,  Inc. 
Schutte  &  Koerting  Co, 
Walworth  Mfg.  Co. 

Forges 

Best,    W.    N, 

•  Ingersoll-Rand  Co, 

•  Roots  Co,,   P,   II.  &  F.   M. 

*  Sturtevant   Co.,    B,    F, 

Forging    Presses 

(See  Presses,  Forging) 

Forgings,    Steel 

Mesta  Machine  Co. 


Clutches,      Hoists. 

Hoists,     etc, 


Friction 
etc. 

(See     Clutches, 
Friction) 
Friction     Drives 

Rockwood    Mfg,    Co, 

Frictions.    Paper    and    Iron 

*  Caldwell   &   Son  Co..    H.   W. 
Rockwood   Mfg.   Co. 
Webster  Mfg.  Co. 

Frogs    and    Sivltches 

Rail  .loiut  Co. 

Fuel    Economizers 

(See  Economizers.   Fuel) 

Furnace   Linings 

(See  Linings.  Furnace) 

Fnrnaces,       -Vnnealing       anil 
Tempering 

Best,    W,    N. 


Furnaces,    Boiler 

.American  Eugineering  Co. 
Babcock  &  Wilcox  Co. 
Best.   W.   N. 

•  Green  Engineering  Co. 

•  Murphy  Iron  Works 
Furnaces,    Slelting 

Best.   W.   N. 
Furnaces,   Oil 

•  Ingersoll-Rand  Co. 

Best.    W.    N. 

Furnaces.   Smokeless 

.\nierican  Engineering  Co. 
Babcock  &  Wilcox  Co. 

•  Green  Engineering  Co. 

•  Murphy  Iron  Works 


Gage    Boards 

»  .Vmerican      Steam      Gauge      . 
Valve   Mfg.   Co. 
.\shton  Valve  Co. 

Gage    Testers 

»  .\mericau      Steam      Gauge      c 
Valve    Mfg.   Co. 
Asbton  Valve  Co. 
Gages,   Ammonia 

*  American      Steam      Gauge      , 

Valve  Mfg.  Co. 
Ashton  Valve  Co. 

*  Pratt  &  Cady   Co..    In.-. 
Gages.  Differential  Pressure 

*  .\merican      Stcitiii      Cauge 

Valve   Mfg.   Co. 

Bristol  Co. 

Builders  Iron  Foundry 

Industrial  Instrument  Co. 

Gages.  Draft 

*  .\merican      Steam      Gauge 

Valve  Mfg.  Co. 
.\shton  Valve  Co. 
Bristol  Co. 

Brown  Instrument  Co. 
Industrial   Instrument  Co. 
Simonds  &  Co.,  G.  L, 

*  Tagliabue  Mfg,  Co,,  C.  J. 
Gages,    Hydraulic 

*  American      Steam      tiauge 

Valve   Mfg.   Co. 
Ashton  Valve  Co. 
Gages,  Pressure 

*  American      Steam      Gauge 

Valve   Mfg.   Co. 
Ashton  Valve  Co. 
Bristol  Co. 
Brown  Instrument  Co. 

*  Goulds  Manufacturing  Co. 
Industrial  Instrument  Co. 
Manning,    Maxwell    ,&    Moor 

Inc. 
Gages.   Thread 

Wells   Bros.    Co, 
Gages.  Vacuum 

*  .\merican      Steam      Gauge 

Valve  Mfg.  Co. 
.Ashton  Valve  Co. 
Bristol  Co. 

Brown  Instrument  Co. 
Industrial  Instrument  Co. 
«  Tagliabue  Mfg.  Co.,  C.  J. 
Gages,  Water 

*  -Vmerican      Steam      Gauge      & 

Valve  Mfg.  Co. 
.\shton  Valve  Co. 

*  Jenkins  Bros. 

*  Lunkenheimer  Co. 

«  Pratt  &  Cadv  Co.,   Inc, 
Walworth  Mfg.  Co. 
Gages,  Water  Level 

*  .\merican      Steam      Gauge      & 

Valve   Mfg.   Co. 
Bristol  Co. 
Industrial  Instrument  Co. 

Gas   Analysis   Instruments 

Simonds  &  Co..  G.  L. 

Gas  Burners.  Compressors. 
Engines.  Exhausters. 
Holders.    Producers,    etc. 

(See  Burners,  Ciunpressors, 
Engines,  Exhausters.  Hold- 
ers. Producers,  etc..  Gas) 

Gas    Cleaning    Plants 

Smith   ^;,Ts   Power   Co. 
.    •  Wood  &  Co.,  R,  D, 

Gas   Plant  Machinery 

*  Wood  &  Co..   R.   D, 

Gaskets 

»  Goodrich  Co,.  B.  F. 

*  Jenkins  Bros. 

*  Keasbpv   Co..    Robt.    A. 
Manhattan  Rubber  Mfg.  Co. 
Power  Specialty  Co. 

Gasoline 

*  Texas  Co. 


Gates.  Blast 

'  Roots  Co.,  P.  H,  &  F.  M. 

*  Sturtevant  Co.,  B.   F. 

I  Gates.    Cut-off  ,      ,  . 

Farrel   Foundry   &  Machine  Co, 

*  Hunt  Co.,  Inc.,  C.  W. 
»  Ijnk-Belt   Co. 

Webster  Mfg.  Co. 

Gates,    Sluice 

Chapman   Valve   Mfg.   Co. 

*  Ludlow  Valve  Mfg.  Co. 

*  Wood  &  Co.,  R.  D. 

Gear  Shapers 

*  Fellows   Gear  Shaper  Co. 

Gears.   Cut 

*  Brown  Co.,  A.  &  F. 

-  Caldwell  &  Son  Co..  H.  W. 

Hodge  Mfg.  Co. 

(iarvin  Machine  Co. 
-■  Hill   Clutch    Co. 

Holvoke  Machine  Co. 

Janies  Mfg.   Co.,   D.   O. 

Jeffrey  Mfg.  Co. 

Mackintosh,   Hemphill  &.  Co. 

Mesta  Machine  Co. 

New  Process  Gear  Corp. 

Webster  Mfg.  Co. 

Gears.  Fibre 

'  General  Electric  Co. 
James  Mfg.  Co.,  D.  O, 
New  Process  Gear  Corp, 

Gears.  Machine  Molded 

*  Brown  Co,,  A,  &  F. 
'  Caldwell  &  Son  Co,,  H.  W. 

*  Hill   Clutch   Co. 
Mesta  Machine  Co. 

Gears.   Rawhide 

James  Mfg.  Co.,  D.  O. 
New  Process  Gear  Corp. 

Gears,  Speed  Redtiction 

James  Mfg.  Co..  D.  O. 
Gears,    Worm 

*  Caldwell  &  Son  Co..   II,  W, 
James  Mfg.  Co..  D.  O. 
Welister  Mfg.   Co. 

Generating   Sets 

*  General  Electric  Co. 
»  Sturtevant  Co.,  B.  F. 

Generators.  Electric 

*  CJeneral   Electric  Co. 

*  Sturtevant  Co..  B.   F. 
Wagner  Electric  Mfg.  Co. 

Glass  Macbinery,  Plate 

*  Hooven,  Owens,  Rentschler  Co. 
(iovernors.   Gas    Engine 

*  Pickering  4.ioveruor  Co. 
Governors.  Pump 

Davis  Regulator  Co.,  G,  M, 
Hughson    Steam    Specialty   Co, 

*  Richardson-Phenix    Co, 
Governors,    Steam    Engine 

*  Pickering  Governor  Co, 
Governors,    Steam    Turliiii*' 

*  Pickering  Governor  Co, 
Governors,    "Water    W^heel 

Holyoke    Machine   Co. 
Grates,    Shaking 

Erie  City   Iron  Works 
Greases 

Royersford     Foundry     &     Ma 
chine  Co. 
»  Texas  Co. 
Grease    Cups 

(See  Oil  and  Grease  Cups) 
Grease  Extractors 

( See  Separators,  Oil) 
Grinders 

*  Brown  Co.,  A.  &  F. 
Grinding    or    Polishing    Mu- 

eliincs 
Builders  Iron  Foundry 
Garvin   Machine  Co. 
Heald  Machine  Co. 
Royersford     Foundry     &     Ma- 
chine Co. 
Grinding    31acliine.s.    Cutter 
Ileald  Machine  Co. 
Le    Blond    Machine    Tool    Co,,. 
R.   K. 
Grinding     Macbines,     Cylin- 
drical 
Ileald  Machine  Co. 
Grinding    Machines.    Drill 

Heald  Machine  Co. 
Grinding     Machines,     Inter- 
nal 
Heald  Machine  Co. 
Grinding      Machines,      Port- 
able, Pneumatic 

*  Ingersoll-Rand  Co. 
Grinding    Machines,    Surface 

Heald  JIachine  Co. 
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Grlndlnt;   Machlneii,   Tool 

lleald  iMachiiic  Co. 
Le    Bluud    Macbiue    Tool    Co., 
R.   K. 
(■an   an«l    .Motor   CnrrluffCH 

.Morgan    KligiDooring   Co. 

Hammerfi,  Drop 

•  AlUauce  Machine  Co. 
llammerit.    Pneumatic 

•  Ingersoll-Uarid  Co. 
HammerN,   Steam 

•  Alliance  Machine  Co. 
.Mor^iiti    ICiiginccriiig  Co. 

llanserN,  Shaft 

•  Brown  Co.,  A.  &  F. 

•  Caldwell    &    Sou    Co..    II.    W. 
l>odK.'   .Mfu.   Co. 

•  Palls  Clutch  &  Machinery  Co. 

•  Mill   Cliltch    Co. 
Jeffrey  Mfg.  Co. 
Royertiford     Foundry     &     Ma- 
chine Co. 

Webster  Mfg.   Co. 

Woods  Sons  Co.,  T.  B. 
IIoimI    Gllt«>M 

llttlyoke  .Machine  Co. 
Heaters,       Feed       IVater 
(Clonefl) 

Frle  Clt.v    Iron   Works 

National   Pipe   Bending  Co. 

.Selintte  &  Koerting  Co. 

•  Wheeler     Condenser    t    Engi- 

neering Co. 

•  Wheeler  Mfg.  Co..  C.  H. 
Ileatem,  Metering 

Harrison   Safety    Boiler  Works 

lleaterM  niid   Purifiers,  Feed 
W'liter    <<)i>«>ii> 

Krie  City    Iron    Works 
Harrison   Safety   Boiler  Worlts 
National   Pipe  Bending  Co. 
Ileatinf^   BoilerH 

(See  Boilers,   Heating) 

Heating      and       Ventilating 
Apparatus 

(ireen  Fuel  Economizer  Co. 

•  Smith  Co.,   H.   B. 

•  Sturtevaiit    Co..    I!.    I'. 

HoistiuK       and       Con-reylng 
Machinery 

Box  &  Co..  Alfred 

•  Brown      Hoisting      Mailiinory 

Co. 

•  Clyde  Iron  Works 

•  Hunt  Co.,  Inc.,  C.  W. 
Jeffrey  Mfg.   Co. 
Lidgerwood  Mfg.   Co. 

•  Link-Belt    Co. 

Orton  &  Steinbrenner  Co, 

•  Robins    Conveying    Belt    Co. 
Hoists,    Air 

•  Ingersoll-Rand  Co. 

•  Nordberg  Mfg.  Co. 
Hoists,   Belt 

'  Clyde  Iron  Works 
Lidgerwood   Mfg.   Co. 
lioists,   E^iectric 

•  Alliance  Machine  Co. 
Bo.\  &  Co.,  Alfred 

•  Brown       Hoisting      Machinery 

Co. 

•  Clyde  Iron  Works 

•  General  Electric  Co. 

•  Hunt  Co.,  Inc..  C.  W. 
LldgcTwoiid    Mfg.   Co. 

•  Link  Belt    Co. 

•  Nordberg  Mfg.  Co. 
Orton  &  Steinbrenner  Co. 

•  Kobins    Conveying    Belt    Co. 
Shaw  Electric  Crane  Co. 

Hoists,    l-^rietion 

Eastern    .Machinery    Co. 
Hoists,    Hand 
'  Brown       Hoisting      Machinery 
Co. 

•  Clyde  Iron  Works 
»  Link-I'.elt  Co. 

Hoists,    Mine 

Lidgerwood    Mfg.    Co. 

•  N'ordI.erg    .Mfg.   Cn. 
•Hoists.    Skip 

•  Hunt  Co.,    Inc..   C.   W. 

•  I'obins    Cotiveyill;:    I'.elt    Co. 
Hoists,    Stf'iiiii 

•  Clyde  Iron  Works 

•  Hunt  Co..  Inc.,  C.  W. 
Lidgerwood    Mfg.    Co. 

•  Morris  Machine  Works 

•  Nordberg  Mfg.   Co. 
Orton  &  Steinbrenner  Co. 

Ho1«lers,   Gns 

•  Wood  &  Co.,    1!.    1). 
Hose.    Air 

•  Goodrleli   Co.,   B.  F. 

•  Ingersoll-Uand  Co. 
Manliattan    Rubber   Mfg.   Co. 


Hose,  lilnen 

•  Goodrich  Co.,  B.  F. 
Manhattan   Rubber  Mfg.   Co. 

Hose,    OH 

•  Goodrich  Co.,  B.  F. 
Manhattan   Rubber  Mfg.   Co. 

Hose.   Rubber 

•  Goodrich  Co.,   B.  F. 
Manhattan   Rubber  Mfg.   Co. 

Hose,    Steam 

•  (ioodrich  Co.,   B.  F. 

•  Ingersoll-Rand  Co. 
Manhattan    Rubber  Mfg.   Co. 

Hose,    Suction 

•  Goodrich  Co.,   B.   F. 
.Manhattan    Rubber   .Mfg.   Co. 

Hose  Attachments  (Conp- 
linKs,  Bands,  Holders, 
Clniups,  etc.) 

•  (Ioodrich  Co.,   B.  F. 

•  Ingersoll-Rand  Co. 
Manhattan    Rubber  Mfg.   Co. 

Hydrants,   Fire 

Chapman    Valve   Mfg.   Co. 

•  Ludlow    \alve  .Mfg.   Co. 

•  Pratt  &  Cady  Co..    Inc. 

•  Wood   &  Co.,"  R.    D. 
Hydraulic       Jacl^s,        Rams, 

Presses,   Turbines,   etc. 
(See     .lacks.      Hams.      Presses. 
Turbines,  etc..   Hydraulic) 
Hydraulic    Machinery 

•  Alliance  Machine  Co. 
Ilulyoke  Machine  Ccj. 
Mackintosh.   Hemphill  ,Sc  Co. 
Morgan    Engineering  Co. 

•  Wood  &  Co.,   R.  D. 
Hydroklneters 

Scliutte  &  Koerting  Co. 
Hydrometers 

•  Tagliabue  Mfg.   Co.,  C.  J. 
Hygrometers 

Brown   Instrument  Cfi. 

•  Tagliabue  Mfg.  Co.,  C.  J. 


Ice    and    Refrigeration    Ma- 
chinery 

•  De  La  Vergne  Machine  Co. 

•  Vilter  Mfg.  Co. 

Ice   Tools 

•  Caldwell  &  Son  Co.,   II.  W. 

Impregnating   Apparatus 

•  Devine  Co.,  J.  P. 
Incandescent  Lamps 

(See  Lamps.  Incandescent) 
Indicator    Posts 

Cliapman    Valve  Mfg.   Co. 

•  Ludlow  Valve  Mfg.   Co. 

•  Pratt  &  Cady  Co..    Inc. 

•  Wood   &  Co.,   R.   D. 

Indicators,    Engine 

•  .\merican      Steam      fJauge      & 

Valve  Mfg.  Co. 
Manning,    Maxwell    &    Moore. 
Inc. 

Indicators,    Sight    Flo-w 

•  Richardson-Phenix  Co. 

Indicators.    Smoke 

Sinionds  &  Co..  G.  L. 

Indicators,   Speed 

•  .\merican      Steam      Gauge      & 

Valve  Mfg.  Co. 
Brown   Instrument  Co. 

•  Veeder  Manufacturing  Co. 
Weston    Electrical    Instrument 

Co. 

Industrial    Railvray    Eqtlip- 
ment 

•  Hunt  Co.,  Inc.,  C.  W. 

Ingot    Strii»i>ers 

•  .'\lliance  Machine  Co. 
Morgan    Engineering   Co. 

Injectors 

Manning,     Maxwell    &    Moore. 
Inc. 

•  Lunkenhelmer  Co. 
Schutte  &  Koerting  Co. 

Insulating     Materials     (Heat 
and    Cold) 

•  Kcasbey  Co..    Robt.   A. 


Jigs    nnfl    Fixtures 

Cowdrey  Machine  Works,  C.  H. 

.Folnts,   F]xpansion 

•  Lunkenhelmer  Co. 
Power  Specialty  Co. 
Walworth    Mfg.'  Co. 

•  Wheeler     Condenser     &     Engi- 

neering Co. 

•  Wheeler  Mfg.  Co..  C.   H. 


Joints,    Flanged    Pipe 

Walworth   Mfg.   Co. 

Joints,   Rail 

Hall  Joint  Co. 

Jolt  Ramming  Machines 

I  See   Rammers,   l"'oundry) 


Ivllns,   Dry 

•  Sturtevant  Co., 


B.   F. 


Lamps,      Incandescent      and 
Arc 

•  General  Electric  Co. 

Land-Clearing  Machinery 

•  Clyde  Iron  Works 

Lathe    .\ttucliments 

Le    Blond    Machine    Tool    Co., 
H.   K. 

Lathes 

Builders  Iron  Foundry 
Garvin  Machine  Co. 

•  Jones  &  Lamson  Machine  Co. 
Le    Blond    Machine    Tool    Co., 

R.   K. 
Manning,    Maiwell    &    Moore, 
Inc. 

•  Warner  &  Swascy  Co. 

Lathes,    Automatic 

•  Jones  &  Lamson   Machine  Co. 
Lathes,    Brass 

(iarvin   .Machine  Co. 

•  Warner  &  Swasey  Co. 
Lathes,   Chucking 

•  Jones  &  Lamson  Machine  Co. 
Lathes.    Speed 

Le    Blond    Machine    Tool    Co., 
R.    K. 
Lathes,    Turret 

Garvin  Machine  Co. 
»  Jones  &  Lamson   Machine  Co. 

•  Warner  &  Swasey  Co. 
Ivathes,   Turret,    A^ertlcal 

King  Machine  Tool  Co. 
Leather     Belting,     Packing, 
etc. 

(See     Belting,     Packing,     etc.. 
Leather) 
Leathers.    Automobile 

Schieren  Co..  Chas.  A. 
Leathers.    Pump 

Schieren  Co..  (?has.  A. 

Williams  &  Sons.  I.  B. 
Lightning    Arresters 

•  General   Electric  Co. 
Linings,   Furnace 

Best.   W.    N. 

•  Betson  Plastic  Fire  Brick  Co. 
I..iiiuid    Fuel    Eanipment 

Best.    W.    N. 
Loaders,   Box   Car 

Fairmont  Mining  Mach.  Co. 
Loaders,    AVngon 
Jeff  rev   Mfg.   Co. 
»  Link-Belt   Co. 
Locomotives,         Compressed 
Air 

•  Ingersoll-Rand  Co. 
Locomotives,    Electric 

•  General  Electric  Co. 

•  Hunt  Co.,   Inc.,  C.  W. 
.Teffrey   JIfg.   Co. 

'^  Robins  Conveying  Belt  Co. 
Logging  Machinery 

•  (ilyde  Iron  Works 
Lidgerw'ood   Mfg.   Co. 

Lubricants 

Royersford     Foundry     &     Ma- 
chine Co. 

•  Texas  Co. 

Liil»ricntor.s,    Cylinder 

Crescent   ^Ifg.    Co. 

•  Lunkenhelmer  Co. 

•  Hichar<lson-Pbenix    Co. 

Lubricators,  Force-Feed 

•  Lunkenhelmer  Co. 

•  Pickering    (Jovernor    Co. 

•  Riehardsnn-Pbenix    Co. 

Lubricators.    Hydrostatic 

Crescent    Mfg.    Co. 

•  Lunkenhelmer  Co. 


Machinery 

(Is  classified  under  the  head- 
ings descriptive  of  charac- 
ter thereof) 

Machinery  Dealers 

Garvin   Machine  Co. 
Manning.     Maxwell     & 
Inc. 


Moore. 


Machinists  and  Engineers 

•  Brown  Co.,  A.  &  F. 
Builders   Iron    Foundry 

•  Caldwell  &   Son  Co..    II.    W. 
Cowdrey  Machine  Works,  C.  H. 

•  11111   Clutch   Co. 
Lammert   &   Mann 
Wel)ster  Mfg.  Co. 
Welmer  Machine  Works  Co. 

•  Wood  &  Co.,  R.  D, 

Marine    Transfers 

Lidgerwood  Mfg.  Co. 

Blechanlcal  Draft  Apparatns 

(ireen  Fuel  Economizer  Co. 

•  Sturtevant   Co..    B.    F. 

Mechanical    Stokers 

(See  Stokers) 

Metals,  Bearing 

Dodge    M  f g.    Co. 

Metuls,    E.\trnded 

•  .Muminum   Co.   of  .\merica 

Metal  Work.  Plate 

Heine  Safety   Boiler  Co. 

•  Keeler  Co.,  E. 

»  Wood  &  Co.,   R.   I). 

Meters,  Air,   Steam   and  Cas 

Builders  Iron   I-'ounilry 

•  General  Electric  Co. 

Meters,  Electric 

Bristol    Co. 

Brown    Instrument    Co. 

•  General  Electric  Co. 

Meters,    V-Notch 

Harrison   Safety   Boiler  Works 
Yarnall-Waring  Co. 

Meters,  Ventnri 

Builders  Iron   Foundry 

•  National  Meter  Co. 

Meters,  "Winter 

Builders  Iron   Foundry 

•  General  Electric  Co. 
Harrison   Safety   Boiler  Wsrks 

•  National  Meter  Co. 
Yarnall-Waring   Co. 

Micrometers 

Wells  Bros.  Co. 
Milling  Attachments 

Garvin  Machine  Co. 

Le    Blond    Machine    Tool    Co., 
R.   K. 
Milling   Machines,   Hand 

Garvin  Machine  Co. 
Milling    Machines,    Horizaa- 
tnl 

tJarvin  Machine  Co. 
Milling    Machines,   Plain 

Garvin   Machine  (^o. 

Le    Blond    Machine    Tc.nl    Co., 
H.    K. 

•  Warner  &  Swasey  Co. 
Milling  Machines.  Universal 

Garvin  Machine  Co. 

Le    Blond    Machine    Tool    Co.. 
R.    K. 
Milling  Machines.   Vertical 

(iarvin   Machine  Co. 
Mills.     Blooming    and     Slab- 
bing 

Mackintosli.   ITemphill  &  Co. 

Mesta  Machine  Co. 
Mills,   Sheet   and   Plate 

Mackintosh.    Hemphill   &  Co. 

Mesta  Machine  Co. 
Mills,    Structural,    Rail    and 
Bar 

ilackintosh.  Hemphill  &  Co. 

Mesta  Machine  Co. 
Mills,  Sugar  Cane 

I'arrel    Foundrv   ,S:  Ma<-lnne  Co. 

•  Fulton   Iron   Works 
Mesta  Machine  Co. 

Monorail   Systems 

(See  Tramrail    Systems,    Orer- 
head) 
Motor-Generators 

•  General    Electric   <'o. 
Wagner   Electric   Mfs.    Co. 

Motors,    Compressed    Air 

•  Ingersoll-Rand  Co. 
Motors,    Electric 

•  General   Electric  Co. 

•  Sturtevant   Co..    II.    P. 
Wagner  Electric  Mfg.   Co. 


Nozzles,    Blast 

Schutte  &  Koerting  Co. 
Nozzles.  Sand   and  Air 

•  Ingersoll-Rand  Co. 

•  Lunkenhelmer  Co. 
Nozzles.    Spray 

Schutte   &   Koerting  Co. 


Catalogue  data  of  firms  marked  *  appear  in  tfie  A.S.  M.E.  Condensed  Catalogues  of  MecJianical  Equipment, 1914  Volume. 
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Rubber  Conveying  Belt— Laminated  Construction. 

The  Belt  designed  by  a  Rubber  Engineer  \vho  knows 
the  Science  of  Conveying  from  long  practical  exper- 
ience  in   various   parts   of   the  v^orld. 


Part  of  an  order  for  32  Rubber  Laminated  Belts,  each  36  inches  wide,  aggregating  13,500  feet 

in  length  and  165,000  lbs.  in  weight. 


A    glance    at    the    foregoing    picture    shoAvs    what    is    thought  of 
Laminated  Rubber  Belt  in  big  business. 

Confer  with  us  and  we  will  give  you  the  benefit  of  our  experience 
and  help  you  solve  hard  and  important  conveying  problems. 

THE  MANHATTAN  RUBBER  MFG.  CO. 

Fadtories— Passaic,  New  Jersey. 
Offices  and  Agencies  in  all  principal  cities  of  the  World. 
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OdonieterN 

•  Vieder  Manufacturing  Co. 

Oil   und   Greaiie  Cupn 

Cn  scent  Jlfg.  Cu. 

•  LunkeDbeimer  Co. 

Oil  Burnera,  Km^lneM*  Fil- 
tera,  Puiupa,  Separators, 
etc. 

(See  Burners,  Engines,  Filters. 
Pumps,  Separators,  etc..  Oil) 
Oil   Bnrnlng;   Systenia 

I'.est.    \V.    X. 

Schutte  &  Koerting  Co. 
Oil    Storase    Systems 

•  Kichardson-Pbenix    Co. 
Oil    Tanks 

•  Ilichardson-Phenix    Co. 
Oil  Testing   Instrnments 

•  Tagliabue  Mfg.  Co.,  C.  J. 
oilers,    Si^lit    Feed 

•  Iticliardsou-Pbenix    Co. 
Oilers.    Telese«pie 

•  Itiebardson-Plienix    Co. 

Oiling    Devices 

•  Lunkenliclmer  Co. 

•  Kiebardson-Phenix    Co. 

Oiling    Systems 

•  Lunkenbelmer  Co. 

•  Kichardson-Pbenlx   Co. 

Oils,    Fuel 

•  Texas  Co. 

Oils,  Lnbricating 

•  Texas  Co. 

Ore    Handling  Machinery 

•  Urown      Hoisting      Macbinery 

Co. 

•  Hunt  Co.,   Inc.,   C.  W. 
Jeffrej'  Mfg.  Co. 

•  Liuk-Belt    Co. 

•  Uobins  Conveying  Belt  Co. 
Toledo   Bridge  &  Crane   Co. 


Packing,   Asbestos 

•  Keasbey  Co.,   Itobt.   \. 

Packing,  Hydratllic 

•  Goodrich  Co.,   B.  F. 

•  Keasbev  Co..   Kobt.   A. 
Manhattan   Rubber  Mfg.   Co. 
Power  Specialty  Co. 
Scbieren  Co.,  Cbas.  A. 
Williams  &  Sons,  I.  B. 

Packing,    Leatber 

Scbieren  Co.,  Cbas.  A. 
Williams  &  Sons,  I.  B. 

Packing,  Metallic 

•  Keasbey  Co.,   Kobt.  A. 
Power  Specialty  Co. 

Packing,     Rod     (Piston     and 
Valve) 

•  Goodrich  Co.,  B.  F. 

•  Jenkins  Bros. 

•  Keasbey   Co..   Kobt.   A. 
Manhattan    Rubber   Mfg.   Co. 
Power  Specialty  Co. 

Packing.   Rubber 

•  Goodrich  Co.,  B.  F. 

•  Jenkins  Bros. 

•  Keasbey   Co..   Robt.  A. 
Manhattan    Rubber  Mfg.   Co. 

Packing,   Sheet 

•  Goodrich  Co.,  B.  F. 

•  Jenkins  Bros. 

•  Keasbey  Co.,    Robt.   A. 
Manhattan  Rubber  Mfg.   Co. 

Pans,    Grinding 

Farrel   Foundry   &  Machine  Co. 

Pans,   Vaeuam 

•  Devine  Co.,  J.   P. 

•  Wheeler    Condenser   &    Engi- 

neering Co. 

Paper    Machinery 

llolvfilic   Macliino  Co. 

•  Moore  &  White  Co. 

Pasteurisers 

•  Vilter  Mfg.  Co. 

Petroleum   Products 

•  Texas  Co. 

Pickling   Machines 

Mesta   Marliiiie  Co. 

Pile    Drivers 

•  Clyde  Iron  Works 
Lidgerwoorl  Mfg.  Co. 

Pile    Drivers,    Sheet 

•  Ingorsoll-Rand   Co. 

Pinions,   Rolling   Mill 

Mackintosh,   llcmphill  &  Co. 
Mesta  Machine  Co. 


Pinions,    Rawhide 

-New  Process  Gear  Corp. 

Pipe,  Cast  Iron 

I'.uiiUers  Iron  Foundry 

Pipe,   Riveted   Steel 

•  Keeler  Co.,  E. 
I'ipe,    Steel 

Walworth    Mfg.   Co. 
Pipe,    Wrought    Iron 

Walwortii    Mfg.   Co. 
Pipe  Bends  and  Pipe  Bend- 
ing 
.National  Pipe  Bending  Co. 
WalwortI]    .Mffi.    Co. 
Pipe     Coils,     Covering,     Cut- 
ters, Fittings,  Joints,  etc. 
(See  Coils,   Covering,   Cutters. 
Fittings.  Joints,  etc..  Pipe) 
Pipe     Culling     aii4l     Tliread- 
ing    .Machines 
Wells    Bros.    Co. 
Pipe  Joint  Clamps 

(See  Clamps,  Pipe  Joint) 
I'iston   Valves 

(See  Valve.s,  Piston) 

Planers,   Metal 

Manning,     Maxwell    Jc    Moore. 
Inc. 

Plate   Metal   Work 

(See  Metal  Work,  Plate) 

l>neumatic      Pumping      Sys- 
tems 

(See    Air    Lift    Pumping    Sys- 
tems) 

Pneumatic  Tools 

•  Ingersoll-Kand  Co. 

Polishing      Machinery 

Builders  Iron  Foundry 
Royersford     Foundry     &     Ma- 
chine Co. 

Poppet  Valve  Engines 

(See  Engines,   Poppet   Valve) 
Power      Transmission       Ma- 
chinery 

•  Brown    Co.,   A.   &  F. 

'  Caldwell   &   Sou   Co.,    H.    W. 
Dodge  Mfg.  Co. 
Eastern   Machinery   Co. 

•  Falls  Clutch  &  Machinery  Co. 
Farrel  Foundry  &  Machine  Co. 

'  Hill  Clutch  Co. 

Ilolvoke  Machine  Co. 

Jeffrey  Mfg.   Co. 
«  I.ink-Belt   Co. 
»  Moore  &  White  Co. 

Royersford     Foundry     &     Ma- 
chine Co. 

Webster  Mfg.  Co. 

Wood's  Sons  Co.,  T.  B. 

l*resses.  Hydraulic 

•  .Mliance  Machine  Co. 

>  Falls  Clutch  &  Machinery  Co. 
I'nrrcl    Foundry   &  Machine  Co. 
Ilolyoke    Machine    Co. 
Manning,    Maxwell    &    Moore. 

Inc. 
M.'ickintosh.   Hemphill  &  Co. 
Mesta  Machine  Co. 
.Morgan    Engineering  Co. 

•  Wood  &  Co.,   R.   D. 
Presses,    Foot 

Koyersford     Foundry     &     Ma- 
<-hine  Co. 

Presses,      Forging      (Steam- 
Hydranlic) 

.Mesta   Machine  Co. 

•  Wood  &  Co.,   R.  D. 

Presses.     Punching    and 
Trimming 

lio.\ersford     Foundry     &     Ma 
chine    Co. 
I'ressiire    Regulators 

(See  Regulators.   Pressure) 

Producers,    Gas 

•  L)e  I.a  Vergne  Machine  Co. 
Smith   (Jas   I'ower   Co. 

•  Wood  &  Co.,  R.  D. 

Proliliug  Machines 

(iarvin  Machine  Co. 

Propellers 

•  .Morris  Machine  Works 

Pulleys,   Iron 

•  Urown  Co.,  A.  &  F. 

•  Caldwell  &  Sou  Co.,  H.  W. 
Hodge  Mfg.  Co. 

•  Falls  Clutch  &  Machinery  Co. 
'-  Hill  Cliiti-h   Co. 

Ili.lvoke    Machine    Co. 
JctTrey    Mfg.   Co. 
Webster   Mfg.  Co. 
Wood's  Sons  Co.,  T.  B. 

Pulleys,    l»aper 

Koikwood   Mfg.  Co. 


PiilieyM.   Steel 

'  Caldwell  ic  Son  Co.,  H.  W. 


I'lilleys,    Wood 

•  Caldwell  iS:  Son  Co.,  II.   \V. 
Hodge    .Mfg.    Co. 

Pulverizers 

•  Brown  Co.,  A.  &  F. 
Jeffrey  Mfg.  Co. 

Pump      Governors,      Valves, 
etc, 

( See    Governors,    Valves,    etc., 
Pump) 

Pumping  Engines 

(  See  Engines.  I'umping) 

Pumping   Machinery 

Havid^on    Ccp..    .M.    T. 

•  (iouhls   -Manufacturing  Co. 

•  Morris  Co.,  I.   P. 

•  Morris  Machine  Works 
Providence  Engineering  Works 

•  Wheeler    Condenser    &    Engi- 

neering Co. 

•  Wheeler  .Mfg.  Co.,  C.   H. 

•  Wood  &  Co.,  R.  D. 

Pumps,    Air 

Davidson    Co.,   M.    T. 
General  (Condenser  Co. 

•  Goulds  Manufacturing  Co. 
.Mesta  Machine  Co. 

•  Roots   Co.,    P.    H.    &   F.   M. 

•  Wheeler     Condenser     &    Engi- 

neering Co. 

•  Wheeler  Mfg.  Co.,  C.  H. 

I*lliii|is,    Alilluoiiiu 

Havidsoli    Co.,    .M.    T. 

Pumps,   Boiler   Feed 

Havidson    (Jo..    -M.    T. 

•  Goulds  Manufacturing  Co. 
Providence  Engineering  Works 

•  Wheeler  Mfg.  Co.,  C.   H. 

Pumps,   Centrifugal 

»  Goulds  Manufacturing  Co. 

•  Morris  Co.,  I.  P.  : 

•  Morris  Machine  Works 
Providence  Engineering  Works 

•  Wheeler    Condenser    &    Engi- 

neering Co. 

•  Wheeler  Mfg.  Co.,  C.  H. 

•  Wood  &  Co.,  R.  D. 
Pumps,    Condensation,    -with 

Automatic    Receivers 
Davidson   Co.,    M.   T. 

•  Wheeler  Mfg.  Co.,  C.  H. 
Pnmps.   Deep   Well 

l»avidson   Co..    M.   T. 

•  Goulds  Manufacturing  Co. 

•  Ingersoll-Rand  Co. 

•  Morris  Machine  Works 

Pumps.    Dredging 

•  Morris   Machine   Works 
»  Wood  &  Co.,   K.   D. 

Pumps,   Dry   Vacuum 

(See  Pumps.  Vacuum) 

Pumps,    Electric 

Fairmont  Mining  Mach.  Co. 

•  Goulds   Manufacturing  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co.,   R.  D. 

Pumps,    Hand 

•  Goulds   Manufacturing  Co. 

Puuips.   Hydraulic   Pressure 

L'avidson   Co..    il.   T. 

•  Goulds   Manufacturing  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co.,   R.  D. 

Pumps.    Oil 

•  Goulds  Manufacturing  Co. 

•  Lunkenheimer  Co. 

•  Ricbardson-Phenix    Co. 

•  Roots   Co..    P.    II.   &   F.    M. 

•  Wood  &  Co.,   R.   D. 

Pumps.  Oil.  Force-Feed 

•  Lunkenheimer  Co. 

•  I'ickering   Governor  Co. 
'  Kichardson-Phenix    Co. 

Pnmps,    Poiver 

Havidson   Co..    M.   T. 
ITairmont  Mining  Mach.  Co. 

•  Goulds  Manufacturing  Co. 
Holvoke   Jlachine  Co. 

•  Wooil  &  Co.,   K.  D. 

Pumps,    Rotary 

•  Goulds  Manufacturing  Co. 
Ilolyoke  Machine  Co. 
Lammert  &  -Mann 

•  Roots  Co..  P.  11.  &  F.  M. 
Pumps,    SeK-Mensuring 

'  RichardsonPheuix    Co. 

Pumps.    Steam 

Davidson    Co.,    M.    T. 

•  Wheeler    Condenser    &    Engi- 
neering Co. 

•  Wheeler   Mfg.   Co.,   C.    H. 


Puuips.    Sump 

Fairmont  Mining  Mach.  Co. 

•  tioulds  Manufacturing  Co. 

•  Morris  Machine  Works 

•  Wood  &  Co.,   R.   D. 

Pumps,    Tank 

Hiividsou    Co.,    M.    T. 

•  (ioulds  Manufacturing  Co. 

•  Wheeler  Mfg.   Co.,   C.    H. 

•  Wooil  &  Co.,   R.  D. 

Pnmps,    Turbine 

•  General  Electric  Co. 

•  Morris  Machine  "Works 

•  Wood  &  Co.,   R.  D. 
Pumps,   Vacuum 

I>avidson   Co.,   M.   T. 

•  Devine  Co.,  J.  P. 
General  Condenser  Co. 

•  Goulds  Manufacturing  Co. 
Lammert  &  Mann 

-Mesta   Machine  Co. 

•  Nordberg  Mfg.  (}o. 

•  Roots   Co..    P.    H.   &    F.    .M. 

•  Wheeler    Condenser    &    Engi- 

neering Co. 

•  Wheeler  Mfg.  Co.,  C.  H. 
Punches,   Hydraulic 

-\lliance  Machine  Co. 
Morgan   Engineering  Co. 

•  Wood  &  Co.,  R.  D. 
Punches,   Power 

Royersford     Foundry     &     .Ma 
chine   ("^o. 
Punches,   Multiple 

Mackintosh.   Hemphill  &  Co. 

•  Wood  &  Co..   R.   D. 
Punches   and    Dies 

Royersford     Foundry     &     Ma- 
chine  Co. 
Punching  and  Shearing  Ma- 
chines 

•  .Alliance  Machine  Co. 
Morgan    Engineering   Co. 
Royersford     Foundry     &     Ma- 
chine Co. 

»  Wood  &  Co..   R.  D. 
Purifying       and        Softening 
Systems,    Water 
Dodge  -Mfg-  Co. 
Harrison  Safety  Boiler  Works 
Scaife  &   Sons  Co.,    Wm.    B. 
Purifying     Machinery,     Wri- 
ter    (Electrical) 
Electric  Water  Sterilizer  Co. 
Pyrometers,  Electric 
Bristol    Co. 

Brown  Instrument  Co. 
Industrial  Instrument  Co. 

•  Tagliabue  Mfg.  Co.,  C.  J. 
Pyrometers,   Mercurial 

-\shton  Valve  Co. 
Brow-n  Instrument  Co. 
Industrial  Instrument  Co. 

•  Tagliabue  Mfg.  Co..  C.  J. 

Pyrometers.   Radiation 

Brown  Instrument  Co. 


Quarry   Machinery 

•  Ingersoll-Rand  Co. 


Racks.   Cut 

James  -Mfg.  Co..  D.  O. 

Radiators.    Indirect 

•  Smith  Co.,   H.  B. 

Radiators.    Steam 

•  Smith  Co.,  H.  B. 
Walworth    Mfg.   C<.. 

Rail   Joints 

1  See  Joints.   Rail) 

Railivays,    Cable    and    .\nto- 
matic 

.\mbursen   Co. 

Fairmont  Mining  Mach.  Co. 

•  Hunt  Co..   Inc.,   C.   W. 

"  Robins    Conveying    Belt    Co. 

Rail'n-ays        for        Industrial 
Purposes 

•  Hunt   Co..    Inc.,   C.    W. 

•  Link-Belt    Co. 

Rammers.  Foundry 

•  Ingersoll-Rand  Co. 

Rams.    Hydraulic 

•  Goulds  Manufacturing  Co. 

Reamers 

Wells   Bros.    Co. 

Receivers.  .\ir 

»  Devine  Co.,  J.  P. 

•  Ingersoll-Rand  Co. 

•  Nordberg  Mfg.  Co. 

Scaife  &   Sous  Co..    Wm.    B. 


Catalogue  data  affirms  marked 'appear  in  the  A.S.M.  E.  Condensed  Catalogues  of  Mechanical  Equipment,  1914  Volume. 
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NO  matter  what  your  Power  Plant  lubrication 
problems  are  we  are  in  a  unique  position  to 
help  you  solve  them  because  The  Richardson-Phenix 
is  the  only  complete  system  of  automatic  power 
plant  lubrication;  comprising,  as  it  does,  several  types 
of  mechanical  cylinder  lubricators,  oil  filters,  oil 
storage  and  measuring  systems,  pumps,  sight  feed 
and  telescopic  oilers,  sight  flow  indicators,  union 
cinch  oil  pipe  fittings,  etc. 

The  design  and  construction  of  each  piece  of 
apparatus  necessary  to  make  up  our  complete  system 
of  automatic  bearing  and  cylinder  lubrication  is  the 
result  of  considerable  study  and  experience,  insuring 
a  system  of  simple  construction  and  the  highest 
efficiency. 

We  have  furnished  many  mighty  good  Individual  Oiling  and 
Filtering  Systems  costing  less  than  one  hundred  dollars  as  well 
as  systems  capable  of  filtering  and  circulating  over  a  million 
gallons  of  oil  per  day  and  costing  close  to  seventy-five  thousand 
dollars.  If  your  requirements  are  within  this  range  we  are  at 
your  service. 

We  would  like  to  submit  plans  and  recommendations  for  the 
automatic  lubricating  of  your  machinery. 

Some  of  our  systems  are  described  in  our  book  "O-55 — Scien- 
tific Lubrication  of  Machinery."     Shall  we  send  a  copy' 


A 

Service 

We 

Alone 

Can 

Render 


■yHE  piCHARDSON-pHENIX  Cq. 

LUBRICATION  ENGINEERS  AND  MANUFACTURERS 
Works — 129  Reservoir  Ave    Milwaukee  Wis. 
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PROVIDENCE  PUMPS ,  Brown  Pyrometers 


are 


ACCESSIBLE 

special  attention  has  been  given  in  the 
design  of  Providence  Pumps,  to  the 
convenience  of   the  operator. 

to  open 
EASIER  to  inspect 
to  repair 


(Send  for  our   bulletin) 

PROVIDENCE  ENGINEERING  WORKS 

Providence,  R.  I. 


Meet  every  requirement  in  the  meas- 
urement of  temperatures  up  to  3600° 
or  as  low  as  —200°.  Brown  High 
Resistance  Pyrometers  arc  unaffected 
by  the  length  of  wire  comiecting  the 
thermo-couple  and  indicator.  Our 
56-page  Catalogue  describes  other 
advantageous  features. 


THE  BROWN  INSTRUMENT  CO. 

PHILADELPHIA,  PA. 

NEW  YORK  PITTSBURGH  CHICAGO 


111  nil  I  n  III  III  I  III 
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CLASSIFIED  INDEX 


Recording:  Instrnmenta 

•  AnitrUau      Steam      CJauge      & 

Valve  Mfg.  Co. 
Ashton  Valve  Co. 
BrlBtol  Co. 

Browa  Instrument  Co. 
Builders  Iron   I'ouudry 

•  General  Electric  Co. 
Harrison  Safety  Boiler  Works 
Industrial  Instrument  Co. 
Yaruall-Waring  Co. 

Kef'tilieri* 

WafinT   Klcctri.-   Mf;.'.   Cu, 

RefriKeratine    Machinery 

•  De  La  Vergue  Machine  Co. 

•  Vllt.T    Mfg.    Co. 
Refnae  Destrnctors 

(Sec  Destructors.   Kef  use) 
Reenlatora,    Blon-er 

Davis  Uegulator  Co.,  G.  M. 
lluglison    Slcani    S|iccialty   Co. 

•  Tagllabue  Mfg.  Co..  C.  J. 
Resulatam,   Damper 

Davis  Kegulator  Co..  G.  M. 
ReenlatorH.    Electric 

•  General  Electric  Co. 
Henniatiirs.    l"<'«-4l    Waler 

•  .Mniy   W:ilir  Tube  Holler  Co. 
RegnlntorN,    Flon-    (Steam) 

Davis  Kegulator  Co.,  G.  M. 
Schutte  &  Kocrtlng  Co. 
ReKnlntom.   PreHsare 

Davis  Regulator  Co.,  G.  M. 
llughstui    Steam    Specialtv-   Co. 

•  Tagllabue  Mfg.  Co.,  C.  J. 
KeKulators.    Pnmp 

(See  (iovernors.   I'unip) 

Re}:;nlator«,    Temperature 

•  Tagllabue   Mfg.    Co.,   C.   .1. 
HetarilerM,    Mine    and    Rail- 

r4ia<i    Car 

Fairmont  Mining  Mach.  Co. 

Itevolntion    Connters 

(See  Counters,  Kevolution) 

Rifeters,   Hydranlie 

•  Alliance  Machine  Co. 
Mac1<intosb.   Hemphill  &  Co. 
Mesta  Alachine  Co. 
Moriran   Engineering  Co. 

•  Wo()d  &  Co.,   R.  D. 
Riveters,    Pnenmatic 

•  IngersoU-Rand  Co. 
Rivets 

•  .\luminum   Co.   of  America 
Roller  Bearings 

(See  Bearings.   Roller) 
Rolling    Mill    Machinery 

•  Alliance  Machine  Co. 
l''arrel    Foundry   &  Machine  Co. 
.Mackintosh,   Hemphill  i^  Co. 
Mesta  Machine  Co. 
Morgan   Engineering  Co. 

Rolls,   Crushing 

Farrel    Foundry  &  Machine  Co. 
Rolls,    Forging 

Jlesta  Machine  Co. 
Rolls.      Sand,      Chilled      and 
Steel 

Farrel  Foundry  &  Machine  Co. 

Mackintosh,   Hemphill  &  Co. 

Mesta  Machine  Co. 
Rolls,   Rubber 

•  Goodrich   Co.,    B.    F. 
Manhattan    Rubber   Mfg.   Co. 

Roofing 

•  Texas  Co. 
Rope   Drives 

•  Brown   Co.,   A.   &  F. 

•  Caldwell   &   Son   Co.,    H.   W. 
Dodge  .Mfg.  Co. 

•  Falls  Clutch  &  Machinery  Co. 
"  Hill    Clutch    Co. 

Jeffrey  Mfg.  Co. 
Webster  .Mfg.   Co. 
Wood's    Sons   Co..    T.    B. 
Rope,    Hoisting 

•  Clyde  Iron  Works 

•  Hunt  Co.,  Inc.,  C.  W. 
Uoebling's  Sons  Co.,  John  A. 

Rope,    Transmission 
»  Caldwell  &  Son  Co..  H.  W. 

•  Hunt  Co.,   Inc.,  C.  W. 
Roebling's  Sons  Co..  John  .\. 

Rope,   Wire 

•  Clyde  Iron  Works 
Lidgerwood    Jlfg.    Co. 
Roebling's  Sons  Co..  John  .\. 

Rubber  Goods,  Mechanical 

•  Goodrich   Co.,   B.  F. 

•  Jenkins  Bros. 
Manhattan   Rubber  Mfg.   Co. 

Rubber    >Iill    MitcUiikery 

Farrel  Foundry   ,&  Machine  Co 


Sand  Blast  Apparatus 

•  De  La   Vergne  Machine  Co. 

•  IngersoURand  Co. 
Lunkenbeimer  Co. 

Screens,  Revolving 

•  Caldwell  &   Son   Co..    H.    W. 
Fairmont  Mining  Mach,  Co. 
Farrel    Foundry  &  .Machine  Co. 
Jeffrey  Manufacturing  Co. 

•  Dink  Belt  Co. 

•  Robins  Convevlng  Belt  Co. 
Webster  .Mfg.   Co. 

Screens,   Shaking 

•  Caldwell  &  Son  Co..  H.  W. 
Fairmont  Mining  Macb.  Co. 
Jeffrey  Manufacturing  Co. 

•  Link  iielt  Co. 

•  Robins  Conveying  Belt  Co. 

Scren"   Cutting  Dies 

( See   Dies.    Screw   and  Thread 
Cutting  I 

Sere>v  Machines,  Hand 

Garvin  Machine  Co. 

•  Jones  &  Damson  Mach.  Co. 

•  Warner  &  Swasey  Co. 
Sc'i"e»v    l*l)ttes 

Wells    l'.r<js.   Co. 
Screw    Steel 

•  Union   Drawn   Steel  Co. 

Screws,   Safety  Set 

Bristol    Co. 

Separators,  Air 

(jeneral  Condenser  Co. 

Separators,    Ammonia 

•  De  La   Vergne  Machine  Co. 

Separators,    Oil 

•  De   La   Vergne  Machine  Co. 
General  Condenser  Co. 
Harrison   Safety  Boiler  Works 
IlK.aiison    Steam    Specialty   Co. 
National  Pipe  Bending  Co. 

•  Wheeler    Condenser    &    Engi- 

neering Co. 

Separators,   Steam 

(ieneral  Condenser  Co. 
Harrison  Safety  Boiler  Works 
Hughson    Steam    Specialty   Co. 
National  Pipe  Bending  Co. 

Shafting 

•  Brown   Co.,   A.   &  F. 

•  Caldwell   &   Son   Co.,   H.   W. 
Cumberland  Steel  Co. 
Dodge   Mfg.    Co. 

Falls  Clutch  &  Machinery  Co. 

•  Hill  Clutch  Co. 
Holyoke   Machine   Co. 

•  Union  Drawn   Steel  Co. 
Wood's  Sons  Co.,  T.  B. 

Shapes,   Cold    Drawn    Steel 

•  Union    Drawn    Steel   Co. 
Shears,    Alligator 

Farrel   Foundry   &  Machine  Co. 
Mesta  Machine  Co. 
Morgan   Engineering  Co. 

Shears,   Hydraulic 

•  Alliance  Machine  Co. 
Mackintosh,   Hemphill  ,.<c  Co. 
Mesta  Machine  Co. 
Morgan   Engineering  Co. 

•  Wood  &  Co.,  R.  D. 

Shears,   Plate 

•  Alliance  Machine  Co. 

Farrel    Foundry   &  Machine  Co. 
Mackintosh,   Hemphill  &  Co. 
Mesta   Machine    Co. 
Morgan    Engineering  Co. 

•  Wood  &  Co..  R.   D. 

Slieaves,    Rope 

•  Brown   Co.,    A.   &  F. 

•  Caldwell   &    Son   Co.,    H.   W. 

•  Clvde  Iron  Works 
Do'dge   Mfg.    <•<'. 
Fairmont  Mining  Mach.  Co. 

•  Falls  Clutch  &  Machinery  Co. 

•  Hill    Clutch    Co. 
Jeffrey  Mfg.   Co. 
Mackintosh.   Hemphill  &  Co. 
.Mesta   Machine  Co. 
Webster  Mfg.  Co. 

Wood's  Sons  Co.,  T.  B. 

Sheet    Mill    Mlieliinery 

Mesta   Machine  Co. 
Sliipbuildiiig    .Machinery 

Morgan    Kiigineering   Co. 

Slirei!ll*TS 

J,.ffrey    .Mfg.   Co. 

Sirens 

I  See  Whistles,  Steam) 

Skiving  Machines 

Fortuna  Machine  Co. 

Slide   'Valves 

(See  Valves,  Slide) 


Sluice   Gates 

(See  Gates,  Sluice) 
Smoke  Indicators 

(See   Indicators,    Smoke) 
Smoke    Stacks   and   Flues 

(See   Stacks,   Steel) 
Softeners        and        Purifiers, 
Water 

Dodge   Mfg.   Co. 

Harrison   Safety  Boiler  Wks. 

Scaife  &  Sons  Co.,  Wm.  B. 
Special    Machinery 

•  Brown   Co.,   A,   &   F. 
Builders  Iron  Foundry 
Cowdrev  Machine  Works,  C.  II. 
Farrel  Foundry  &  Machine  Co. 
(jarvin  Machine  Co. 
Holyoke    .Machine    Co. 
Mackintosh.   Hemphill  &  Co. 
Mesta  Machine  Co. 
-Morgan    Engineering  Co. 

•  Morris  Co.,  I.  P. 
Providence  Engineering  Works 

•  RugglcsColes   Engineering  Co. 

•  Vilter  Mfg.   Co. 

•  Wood  &  Co.,   R.  D. 
Speed      Transmissions,     ■\'a- 

riable 

•  Moore  &  White  Co. 
Speed     Reducing    Transmis- 
sions 

James  Mfg.  Co.,   D.  O. 
Spirals,  Gravity  Roller 

Mathews    Gravity    Carrier   Co. 
Spouts,    Grain 

•  Caldwell  &  Son  Co.,  H.  W. 
Webster  Mfg.  Co. 

Spray  Noisles 

(See  Nozzles,   Spray) 
Sprockets 

•  Caldwell  &  Son  Co.,  H.  W. 
«  Hill   Clutch    Co. 

'  Link-Belt   Co. 

•  Robins  Conveying  Belt  Co. 
Webster  Mfg.   Co. 

Sockets,  'Wire  Rope 

(See   Wire   Rope    Fastenings) 

Soot  Blowing  Systems 
Simonds  &  Co.,  G.  L. 

Stacks,   Steel 

Heine  Safetv  Boiler  Co. 

•  Keeler  Co.,  E. 
Stamps,  Steam 

•  Nordberg   Manufacturing  Co. 
Starters.     Self     (  Vutoniobilel 

Wagner    Electric    Mfg.    Co. 
Steam   Engines,   Separators, 
Shovels,     Superheaters, 
Traps,   Turbines,   etc. 
(See    E  u  g  1  n  e  s.     Separators. 
Shovels,  Superheaters,  Traps, 
Turbines,  etc..  Steam) 

Steam  Specialties 

•  American      Steam      (Jauge      & 

Valve  Mfg.  Co. 
Davis  Regulator  Co..  G.  M. 
Hughson    Steam    Specialty   Co. 

•  Lunkenbeimer  Co. 
Manning,    Maxwell    &    Moore. 

Inc. 

«  Morehcad    Mfg.    Co. 
Steel.    Bright    Finished 

»  Union   Drawn   Steel  Co. 
Steel.   Cold    Drawn 

»  Union   Drawn  Steel  Co. 

Steel.   Cold    Rolled 

Cumberland  Steel  Co. 
»  Union    Drawn    Steel   Co. 
Steel,    \ickel 

!      *  I'nion   Drawn  Steel  Co. 

Steel.    Open    Hearth 

•  Union  Drawn   Steel  Co. 

Steel.    Vauadiiini 

•  Union   Drawn   Steel  Co. 
Sterili/.ers.    AVat<T.     F.Ieetrle 

Electric   Water    Sterilizer  Co. 
Steel   Plate  Construction 

Heine  Safety  Boiler  Co. 

•  Keeler  Co.,  E. 

•  Wood  &  Co.,   R.   D. 
Stocks    and    Dies 

Wells  Bros.  Co. 

Stokers  ^ 

.American  Engineering  Co. 
Babcock  &  Wilcox  Co. 

•  Green  Engineering  Co. 

•  Murphy  Iron  Works 

Stokers,   Chain   Grate 

Babcock  &  Wilco.\  Co. 

Green  Engineering  Co. 

Stokers,  Inclined  Grate 

•  Murphy  Iron  Works 


Stokers,  Underfeed 

American  Engineering  Co. 

Strainers.  'Water 

Davidson   Co.,   M.   T. 
Schutte  &  KoertiDg  Co, 
Structural    Steel   'Work 

Toledo    Bridge   &  Crane  Co. 

Sugar  Machinery 

Farrel    loundry  &  Machine  Co. 

•  Hooven,  Owens,  Rentschler  C». 

•  Wood  &  Co.,  R.  D. 
Superheaters.  Air 

Power    Specialty    Co. 
Superheaters,   Steam 

Babcock  &  Wilcox  Co. 

Heine   Safety   Boiler  Co. 

Power  Specialty  Co. 
Switchboards 

•  General  Electric  Co. 
Switches,   Electric 

•  General  Electric  Co. 
Switches    and    Frogs,    Rail- 
road 

Rail  Joint  Co. 
Synchronous  Converters 

(See  Converters,  Synchronous) 
Syphons  (Steam-Jet) 

Schutte  &  Koerting  Co. 


Tachometers 

Brown  Instrument  Co. 
Industrial    Instrument    Co. 

•  Veeder  Mfg.   Co. 

Weston    Electrical    Instrumeit 
Co. 
Tackle  Blocks 

(See  Blocks.   Tackle) 
Tank    'Work    (Air,    Gas,    Oil 
and  'Water) 
Heine   Safetv   Boiler  Co. 

•  Keeler  Co.,  E. 

Scaife  &    Sons  Co.,    Wm.   B. 

•  Wood  &  Co.,  R.  D. 
Tanks,    .aluminum 

•  Aluminum   Co.   of  .\merica 
Tanks,    Copper 

Scaife  &   Sons  Co..   Wm.   B. 
Tanks,   Storage 

Scaife  &  Sons  Co.,  Wm.  B. 
Tanks.  'Welded 
[         Scaife  &  Sons  Co.,  Wm.  B. 
Tapping   Machines 

Garvin  Machine  Co. 
Taps   and   Dies 

Wells  Bros.  Co. 

Telphers 

(See  Tramrail   Systems,   Orer- 
head) 
Ties.    Steel 

Fairmont  Mining  Mach.  Co. 

Thermometers 

•  American      Steam      Gauge      * 

Valve  Mfg.  Co. 
.■\shton  Valve  Co. 
Bristol  Co. 

Brown  Instrument  Co, 
Industrial  Instrument  Co. 

•  Tagllabue  Mfg.  Co..  C.  J. 

Thread  Cutting  Tools 

•  Jones  &  Lamson  Machine  Co. 
Wells   Bros.   Co. 

Time   Controllers 

•  Tagllabue  Mfg.  Co.,  C.  J, 
Time   Recorders 

Bristol  Co. 

•  Brown  Instrument  Co. 
Industrial  Instrument  Co. 

ripples.   Steel 

Fairmont    Mining    Mach.   Co. 
Jeffrev   Mfg.   Co. 

•  Link-Belt  Co. 
Webster   Mfg.   Co. 

Tools.     Brass-'Working     Ma- 
chine ^ 

•  Warner  &  Swasey  Co. 

Tools,    Pipe    Fitters 

Walworth   Mfg.   Co. 

Torches.    Hand 

Best.   W.   N. 

Track.   Industrial 

•  Hunt   Co.,    Inc.,   C.   W. 
Tramrail  Systems,  Overhead 

P.0X  &  Co..  Alfred 
»  Brown      Hoisting      Machinerr 

Co. 
»  Link-Belt  Co. 
Manning,    Maxwell    &    Moore, 

Inc. 
Shaw  Electric  Crane  Co.    ■ 


Catalogue  data  affirms  marked  *  appear  in  the  A.  S.  M.  E.  Condensed  Catalogues  of  Mechanical  Equipment,  1914  Volume. 
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Only  Makers  of  "CUMBERLAND  GROUND"  Shafting 
Large  Stocks  Quick  Shipments 
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PROFESSIONAL  CARDS 


■II 


HOOPER-FALKENAU  ENGINEERING  CO. 

Industrial  Engineers  and  Architects 

Woolworth  Building,  NEW  YORK  CITY 

THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — M  echanical 

105  South  La  Salle  Street,  CHICAGO 

ELECTRICAL  TESTING  LABORATORIES,  Inc. 
Electrical  and  Mechanical  Laboratories 

Tests  of  Electrical  Machinery,  Apparatus  and  Supplies. 
Materials  of  Construction,  Coal,  Paper,  etc.  Inspection 
of  Material  and  Apparatus  at  Manufactories. 

8oth  Street  and  East  End  Avenue,  NEW  YORK  CITY 

ELLIOTT  H.  WHITLOCK.  Member  A.  S.  M.E. 

Consulting  Engineer  Carbon  Expert 

Efficiency  Management 

1506  W.   Ii2th  Street,  CLEVELAND,  O. 


WALTER    F.    PRINCE 
Foundry  Consulting  Engineer 

30  Church  Street,  New  York,  N.  Y. 

CHAS.  T.  MAIN,  Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201   Devonshire  Street,  BOSTON,  MASS. 


CHAS.  H.  MANNING,  Member  A.  S.  M.  E. 
CHAS.  B.  MANNING, 
Consulting  Engineers 

886  Elm  Street,  MANCHESTER,  N.  H, 


BERT.  L.  BALDWIN  &  CO. 
B.  L.  Baldwin,  G.  W.  Simpkinson,  Members  A.S.M.E. 

Plans,  Specifications  and  Superintendence  of  Manufac- 
turing Buildings,  Plants  and  Equipments  of  same. 
Perin  Building,  CINCINNATI,  OHIO 


ENGINEERING  SCHOOLS  AND  COLLEGES 


NEW  YORK  UNIVERSITY  SCHOOL  OF  APPLIED 
SCIENCE 

Department   of   Civil,   Mechanical  and   Chemical   En- 
gineering. 

For  announcements  or  information,  address 
CHARLES  HENRY  SNOW,  Dean,  University  Heights, 
N.  Y.  City 


POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

Course  in  Mechanical  Engineering.  Evening  Post- 
Graduate  Courses.  Fred.  W.  Atkinson,  Ph.  D.,  President; 
W.  D.  Ennis,  Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER  POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical,  Electrical  and  Chemical 
Engineering  and  General  Science  leading  to  the  degrees, 
C.  E.,  M.  E.,  Ch.  E.  and  B.  S.    Also  special  courses. 

Unsurpassed  laboratories. 

Catalogue  sent  upon  application,  TROY,  N.  Y. 

The  rate  for  insertion  of  announcements  of  Engineering 
Schools  and  Colleges  is  $3.00  per  month,  without  regard 
to  number  of  insertions.  Orders  are  accepted  on  a  "till 
forbid"  basis,  subject  to  cancellation  at  any  time  by 
giving  thirty  days'  notice. 


One  of  the  largest  collections  of  eng-ineering-  literature  in  the  world  is  the 
Engineering-  Library  in  the  Eng-ineering-  Societies  Building-,  29  West  39th 
Street,  New  York. 

It  comprises  65,000  volumes,  including-  many  rare  and  valuable  reference 
works  not  readily  accessible  elsewhere.  Over  700  technical  journals  and  mag- 
azines are  regularly  received,  including  every  important  engineering  journal  in 
the  world  in  the  mechanical,  electrical  and  mining  fields. 

The  library  is  open  from  9  a.m.  to  9  p.m,  with  trained  librarians  in  constant  at- 
tendance.     Its  resources  are  at  the  service  of  the  engineering  and  scientific  public. 
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CLASSIFIED  INDEX 


Tramwaya,   Brldee 

•  Hniwii       lloistinj;      Machinery 

Co. 

•  Hunt   Co.,    Inc.,    C.   W. 

•  Unk-Belt  Co. 

•  Rol>lns  Conveying  Bolt  Co. 
Tolfdo    UridKP  &  Crane   Co. 

Trniii^vnyH.    l^oop-l^inf 

.^nil'iirs''n    Co. 
TrmmxYTSLym,  Wire  Reiie 

.Anilmrsen    Co. 

•  Clyde  Iron  Worljs 
I,i(l!.'erwo(i(i   iMlK.   Co. 

•  Roebllng's  Sons  Co.,  John  A. 
Transfer    Tiil>l«'» 

Sljaw    Electric    Crane    Co. 
TranHformers.   Klectrlc 

•  (General   I'^lectric  Co. 
Wagner   Kldric   Ml;;.  Co. 

TranmniHxIon     Macklaery 
(See  I'ower  'j'ransrnission  Ma- 
chiiier.v) 
TraitN.    0<>nil«Mi»«'r 

•  Mon-llead    .M  ffc'.   Co. 
Trapn,   Iletura 

lliigliscin    Steam    Specialty   Co. 
(General  Condenser  Co. 

•  Moreh.^ad    -M  Ig.  Co. 

•  I'ratt   &  Cady  Co.,   Inc. 
TrapH,   Steam 

•  .Vini  rican      Steam      Gauge      & 

Valve    .Mfg.    Co. 
Davis  Regulator  Co..  G.  M. 
General  ('ondeuser  Co. 
Iluglisoii    Steam    Specialty   Co. 

•  Jenkins  Bros. 

•  Mnrehcad   .Mfg.   Co. 

•  I'rall    ,.V   Cady   Co..    Inc. 
Sclintte  &  Koerting  Co. 

•  Sdlrtev.int    Co..    B.  T. 
Traps,    Vacnnm 

lUiglison    Steam    Specialty   Co. 
(leneral   Condenser   Co. 

•  MorelK  ad   .Mfg.   Co. 
Trnck«,    Electric 

•  Hunt  Co..  Inc.,  C.  W. 
Tu1»e   i^leaners.   Boiler 

Simonds  &  Co..  G.  L,. 
TiiIm's,    Condenser 

*.\himinum   Co.   of  America 
Tiibiiiu'.    Aluniinnni 

•  .Muniinum   Co.   of  America 
Tnlilne,    Rubber 

•  (ioodrich  Co.,   B.  F. 
Manhattan    Rubber  Mfg.   Co. 

TmnblinBT  Barrels 

I  See   Barrels.   Tumbling) 

Turbines,   Hydraulic 

llolvoke  JIachine  Co. 

•  Morris  Co.,   I.   P. 
Turbines,   Steam 

•General   Electric  Co. 

•  Slurtevant   Co..    B.   F. 
Turbo-Generators 

•  <;eneral   Electric  Co. 

•  Stnrtevant  Co.,   B.    F. 
'i^nrntables 

•  Hunt  Co.,  Inc.,  C.  W. 
Turret  Machines 

Garvin  Machine  Co. 

•  Jones  &  Lamson  Machine  Co. 
Le    Blond    Machine    Tool    Co., 

n.   K. 

•  Warner  &  Swasey  Co. 
rarret     MncUine.s,    Vertical 

King  Machine  Tool  Co. 


I'nions 

•  Lunkeniielmer  Co. 

Walworth  Mfg.  Co. 
UnlfloTT    Engines 

tSee   Engines.    Uiuflow) 
Underfeed    Stokers 

(See   Stokers.   Underfeed) 
KnloaderH,    Air   Compressor 

YarnallWaring  Co. 

I'liloiidcrs.    Ballast 

l.idgerwood    Mfg.    Co. 


Vacnnm       Dryers,       Pans^ 
PuiiipM,    Traps,    etc. 

(See  Pans,  Pumps,  Traps,  etc.. 
Vacuum) 
Valve    Balls 

•  Auburn   Ball   Bearing  Co. 

•  (ioodrich  Co.,  B.   F. 
Manhattan    Rubber  Mfg.   Co. 

Valve   Baxes 

Chiiinnan   Valve   Mfg.   Co. 

•  I.mllow   Valve   Mfg.  Co. 

•  Pratt   it   Cady   Co.,    Inc. 

•  Wood  t  Co.,   R.  D. 


Valve    Discs 

•  Goodrich  Co.,  B.  F. 

•  Jcniflns  Bros. 
Manhattan    Rubber  Mfg.   Co. 

Valves,   Air,   Aatoaiatie 

Iiavis  Regulator  Co.,  G.  M. 

•  Jenkins  Bros. 

•  Smith  Co.,  11.  B. 

Valves,    Air    Relief 

•  Ludlow   Valve    .Mfg.    Co. 

•  Lunkenheimer  Co. 
Schutte  Si  Koerting  Co. 

A'alves,   Aumonia 

Chapman    Valve   .\ifg.   Co. 

•  l>e  La  Vergne  Machine  Co. 

•  Jenkins  Bros. 

•  Ludlow  Valve  Mfg.  Co. 

•  Lunkenheimer  Co. 

•  Pratt  &i  Cadv  Co.,   Inc. 

•  Vilter    Mfg,    Co. 
Wahvorth    .Mfg.    Co. 

Valves,   AuKle   Gate 

Chapman    \alve   .Mfg.   Co. 

•  Ludlow   Valve   .Mfg.   Co. 

•  Lunkenheimer  Co. 
Nelson  Valve  Co. 

•  Pratt   &   Cadv   Co..    Inc. 

•  Wood  &  Co.,'R.  D. 

Valves,    Rack    Pressure 

Davis   Regulator  Co.,   G.  M. 
Ilarrisou  Safety  Boiler  Works 
Hughson    Steam   Specialty   Co. 

•  Jenkins  ISros. 

•  Lunkenheimer  Co. 
Nelson  Valve  Co. 

•  Pratt  &  Cadv  Co.,  Inc. 
Schutte  &  Koerting  Co. 
Walworth    Mfg.   Co. 

V^alves.    Balaaced 

Davidson  Co..  M.  T. 

Davis  Regulator  Co.,  G.  M. 
»  Homestead  Valve  Mfg.  Co. 

Hughson    Steam    Specialty   Co. 
«  Ludlow   \'alye  Mfg.  Co. 

•  Lunkenheimer  Co. 
Schutte  &  Koerting  Co. 
Walworth    Mfg.   Co. 

Valves,    Balaaced    Distrllta- 
tion 

•  American    Balance    Valve    Co. 

Valves,    BloTToC 

Ashton  Valve  Co. 
Chapman    Valve   Mfg.   Co. 
'  Homestead    Valve    Mfg.    Co, 
Hughson    Steam   Specialty  Co. 

•  Jenkins  Bros. 

•  Ludlow  Valve  Mfg.  Co. 

•  Lunkenheimer  Co. 

•  Pratt  &  Cady  Co..   Inc. 
Walworth    Mfg.   Co. 
Yarnall-Waring  Co. 

Valves,   Butter«y 

Chapman  Valve  Mfg.  Co, 

•  Lunkenheimer  Co. 
Schutte  &  Koerting  Co. 

Valves,   By-Pass 

Chapman  Valve  Mfg.  Co. 

•  Jenkins  Bros. 

»  Ludlow  Valve  Mfg.  Co. 

•  Lunkenheimer  Co. 
Nelson   Valve  Co. 

•  Pratt  &  Cady  Co.,   Inc. 

Valves,   Check 

Chapman  Valve  Mfg,   Co. 

•  Jenkins  Bros. 

•  Ludlow  Valve  Mfg.  Co. 

•  Lunkenheimer  Co. 
Nelson  Valve  Co. 

•  Pratt  &  Cady  Co..  Inc. 
Schutte  *  Koerting  Co. 
Walworth    Mfg.    Co. 

•  Wood  &  Co.,  R,  D. 

Valves,  Exhaust  Relief 

Davidson    Co..    M,    T, 
Davis  Regulator  Co.,  G.  M. 
Harrison   Safety  Boiler  Works 
Hughson    Steam   Specialty   Co. 

•  Jenkins  Bros. 

•  Pratt  &  Cady  Co..  Inc. 
Schutte  &  Koerting  Co. 
Walworth   Mfg.    Co. 

•  Wheeler    Condenser    ft    Engi- 

neering Co. 

•  Wheeler  Mfg.  Co.,  C.  H. 

Valves,   Float 

Davis  Regulator  Co.,  G.  M. 

•  Homestead   Valve  Mfg.  Co. 
Hughson    Steam    Specialty  Co. 

»  Ludloxv  Valve  Mfg.  Co. 
Schutte  &  Koerting  Co. 

Valves,    Foot 

•  Lnrllow  Valve  Mfg.  Co. 
Walworth    Mfg.    Co. 

•  Wood  &  Co.,  R.  D. 


Valves,    Gate 

Chaiunan    Valve  Mfg.   Co. 

•  Jenkins  Bros. 

•  Ludlow   Valve   Mfg.   Co, 

•  Lunkenheimer  Co. 
Nelson  Valve  Co. 

•  Pratt  &  Cady  Co.,  Inc. 
Schutte  &  Koerting  Co. 
Walworth    Mfg.    Co. 

•  Wriod  &  Co.,  R.  D. 

Valves,     Globe,     Ancle     and 
Cross 

•  Jenkins  Bros. 

•  Lunkenheimer  Co. 
Manning,     Maxwell    &    Moore, 

Inc. 
Nelson  Valve  Co. 

•  Pratt  Sc  (;ady  Co.,  Inc. 
Walworth    Mfg.   Co. 

Valves,   Hose 

Cha|>man    Valve  Mfg,   Co. 

•  Jenkins  Bros. 

•  Ludlow  Valve  Mfg.  Co. 

•  Lunkenheimer  Co. 
Nels(»n  Valve  Co. 

•  Pratt  &  Cady  Co.,  Inc. 
Walworth  Mfg.   Co. 

Valves,   Hydraulic 

Chaprnan    Valve   Mfg.    Co. 
Davidson    Co..    .M.    T. 

•  Lunkenheimer  Co. 
Mftrgau   Engineering  Co, 
Nelson  Valve  Co. 

•  Pratt  &  Cady  Co..  Inc. 
Schutte  &  Koerting  Co. 
Walworth   Mfg.   Co. 

•  Wood  &  Co.,  R.  D. 
Yarnall-Waring  Co. 

Valves,     Hydraulic     Operat- 
ine 

•  Lunkenheimer  Co. 
Sehtitte  &  Koerting  Co. 

•  Wood  &  Co.,  R.  D. 

Valves,   Non-Retura 

Davis  Regulator  Co.,  G.  M. 
Hughson    Steam    Specialty   Co. 

•  Jenkins  Bros. 

•  Lunkenheimer  Co, 
Nelson  Valve  Co. 

•  Pratt  &  Cady  Co..  Inc. 
Schutte  &  Koerting  Co. 
Walworth   Mfg.   Co. 

Valves,    Piston 

•  ,\merican    Balance    Valve   Co. 

Valves,    Plus 

•  Homestead  Valve  Mfg.  Co. 

Valves,   Pop    Safety 

•  American      Steam      Gauge      & 

Valve  Mfg.   Co. 
Ashton  Valve  Co. 

•  Lunkenheimer  Co. 
Manning.    Maxwell    &    Moore, 

Inc. 

Valves,   Pump 

•  Goodrich  Co,,  B.  F. 

•  Goulds  Manufacturing  Co. 

•  Jenkins  Bros. 
Manhattan  Rubber  Mfg.  Co. 

Valves,   Radiator 

•  Jenkins  Bros. 

•  Lunkenheimer  Co. 
Walworth   Mfg.   Co. 

Valves,   Reducing 

Davis  Regulator  Co.,  G.  M. 
Hughson    Steam    Specialty    Co. 

A'alvcs,   Regulating 

Davis  Kegiilator  Co.,  G.  M. 
Hughson    Steam    Specialty    Co. 

•  Lunkenheimer  Co. 

Valves,    Relief    (Water) 

•.\merican'    Steam      Gatige      & 
Valve    Mfg.    Co. 
.\shton  Valve  Co. 
Ludlow  Valve  Mfg.  Co. 

•  Lunkenheimer  Co. 
»  Wood  &  Co..  R.  D. 

Valves,   Safety 

•  .\merican      Steam      (!auge      & 

Valve    Mfg.    Co. 

•  Jenkins  Bros. 

•  Lunkenheimer  Co. 
Wahvorth    .Mfg,   Co. 

Valves.    Slide 

•  .\merican    Balance    Valve    Co. 

Valves,    Steel     (Superheated 
Steam) 

Chntinian   Valve   Mfg.   Co. 

•  Jenkins  Bros. 

•  Ludlow   Valve  Mfg.  Co. 

•  Lunkenheimer  Co. 
Nelson   Valve  Co. 

•  Pratt  &  Cady  Co..  Inc. 
Schutte  &  Koerting  Co. 
Walworth   Mfg.   Co. 


Valves,   Stop   and   Check 

(See    Valves.    Non-Return) 

Valves,    Throttle 

•  Jenkins  Bros. 

•  Ludlow   Valve  Mfg.   Co. 

•  Lunkcniieimer  Co. 
Nelson    Valve  Co. 

•  Pratt   &  Cady  Co..    Inc. 
Schutte  &  Koerting  Co. 

Ventilating      and       Heating 
Apparatus 

(See   Heating  and   Ventilating 
.Apparatus) 
Voltmeters 

(See  Electrical  Instruments) 


'W^asherK,    Itubber 

•  Goodrich  Co..  B.  P. 
Manhattan  Rubber  Mfg.  Co. 

W^ashers.   Leather 

Schieren  Co..  Chas.  A. 
Williams  &  Sons,  I.  B. 

W^ashers,   Steel 

•  Auburn    Ball   Bearing  Co. 

Water  Circulators,  Filters, 
Gages,  Heaters,  Meters, 
Strainers,    etc. 

(See        Circulators,        Filters. 
'iage-s.        Heaters.        Meters, 
Strainers,  etc..  Water) 
Water   Columns 

•  .Vmerican      Steam      Gauge      A 

Valve  .Mfg.  Co. 
.\shton  Valve  Co. 
Hughson    Steam    Specialty   Oo. 

•  Lunkenheimer  Co. 
Walworth    .Mlg.    Co. 

"Water  l*llrifying  Apiiaru- 
tus 

Dodge    Mfg.    Co. 
Electric   Water   Sterilizer  Co. 
Harrison   Safety   Boiler   Wks. 
Scaife  &  Sons  Co..  Wm.  B. 

■Water  Tube   Boilers 

(See  Boilers.  Water  Tube) 

Water  Wheels.   Turbine 

Holvoke    .\lachiii..    Co. 

•  Morris  Co.,  I.  P. 
AVaterproofing  Materials 

•  Texas  Co. 

"Wattmeters 

(See  Electrical  Instruments) 

AVeighers,   Coal 

•  Brown       Hoisting      Machinery 

Co. 
AVliecls.    I*olishing.    Paper 

Rockwood   Mfg.    Co. 

AVheels,   Self-Oiling 

Fairmont  Mining  Mach.  Co, 

Whistles,   Steam 

•  -American      Steam      Gauge      &. 

Valve  Mfg.  Co. 
-Ashton  Valve  Co. 
Brown  Co..  A.  &  F. 

•  Lunkenheimer  Co. 
Walworth    Mfg.    Co. 

"Winches 

LidgerW'Ood    Mfg.    Co. 
Shaw    Electric   Crane   Co. 

AVire,    Aluiiiinnm 

•  -Aluminum   Co.   of  America 

AVire,   Brass   and   Copper 

•  Roebllng's    Sons  Co.,   John   A, 

AVire,    Flat 

•  Roebllng's    Sons  Co.,   John   A, 

Wire,  Iron  and  Steel 

•  Roebllng's    .Sons  Co.,   John   A, 

AVire  and  Cables,  Electrical 

•  .Aluminum   Co.   of  .America 

•  General  Electric  Co. 

•  Roebllng's    Sons  Co.,   John   A. 

AVire    Cloth 

•  Caldwell  &  Son  Co..  H.  W. 

•  Roebllng's   Sons  Co.,  John  A. 

AVire    Ro|ie 

(See   Rope.  Wire) 

AVire    Rope    Fastenings 

Lidgerwood   Mfg.  Co. 

•  Roebllng's    Sons  Co.,   John  A, 

AVire    Specialties 

•  Roebllng's    Sons   Co.,   John   A. 

AViring   Devices 

•  General  Electric  Co. 

AVrenches 

•  Roebling's   Sons  Co.,   John   A. 
Walworth    Mfg.    Co. 

AVrenches,   Tap 
Wells   Bros.   Co. 


Catalogue  data  affirms  marked  *  appear  in  the  A.  S.  M.  E.  Condensed  Catalogues  of  Mechanical  Equipment,  1914  Volume. 


49 


II      II  II   I 


■111  gi  ■■III  iiinnni      ii     n  niiHKiiMiiinimii 


AMERICAN    IDEAL    STEAM    TRAP 

Valuable  information  regarding-  selection  of 
Steam  Traps  on  CAPACITY  basis  mailed  to 
any  Consulting  Engineer  on  request.  Selection 
by  pipe  size  connection  alone  is  misleading. 

AMERICAN  STEAM  GAUGE  S  VALVE  MFG.  CO. 

Boston  New  York  Chicago  Atlanta  Pittsburg 

Manufacturers  of  high-grade 

Steam   Gauges,    Pop   Safety  Valves,    Engine   Indicators,    Grease 

Extractors  and   other   Engineering  Specialties 


SECTIONAL  VIEW 
\nierlcaa  Ideal  Steam  Trap 


t  inumnini  a^ 


DISTRIBUTION  VALVES  and  SUPERHEATED  STEAM 

Always  the  greatest  knowledge  and  skill  are  exercised  in  Designing  an  Engine  in  order  to 
secure  the  most  Efficient  and  Economical  use  of  the  Steam.  Do  not,  therefore.  Overlook 
the  Importance  of  Frictionless,  Steam-Tight  Distribution  Valves  which  remain  Steam- 
Tight  and  Frictionless. 

To  say  the  least,  it  is  not  wise  to  use  poorly  balanced,  leaky  valves  on  an  Engine  which 
has  otherwise  had  knowledge  and  skill  applied  in  its  designing. 

Put  it  up  to  Valve  Specialists. 

AMERICAN  BALANCE  VALVE  CO.,  Jersey  Shore/J 


PENNA. 
S  A. 


VALVE  SPECIALISTS  SINCE  1890 

,1  iiiiiiiiiiiiiri:ii;ii;  "-"■■:  :":■":' ■::'! ':! 

■iiiiiiiiiiiHiiiiiaiiiiiu  r 


ALUMINUM 

Ingot    Sheet     Rod 
Wire     Cable     Tubing 

FABRICATED  ALUMINUM 


t-f^ 


'n^' 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 

Sales  Offices:  New  York.    Boston,    Cleveland,    Chicago,  Detroit, 
Rochester.  Philadelphia.  Kansas  City,  Washington,    Pierson,  Roeding 
"        &  Co     ^an  Francisco 

iiimiiiiiiiMWiQiiii  D  H  Ii  miia  n    II  u  h 
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Liquid  Fuel 
Equipment 


Apparatus  for  and  technical 
information  relative  to  all 
forms  of  liquid  fuel  equipment. 

W.  N.  BEST 

11  Broadway  New  York  City 


# 


We  make 

EVERYTHING 

In  Valves,    Fittings 

and   Bends 

for 

All    Requirements 

for 

Any    Pressure 

Write  our 
Power  Piping  Department 

Walworth  Mfg.  Co. 

Boston,  U.  S.  A. 
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ALPHABETICAL  LIST  OF  ADVERTISERS 
See  fate*  39-48  for  Classified  List  of  Mechanical  Equipment 


Page 

•Alliance  Machine  Co 25 

•Almy  Water  Tube  Boiler  Co. 33 

•Aluminum  Co.  of  America ; 49 

Ambursen  Co 23 

•American  Balance  Valve  Co 49 

American  Engineering  Co 8 

•American  Steam  Gauge  A  Valve  Mfg. 
Co ; 49 

Arnold  Co 37 

Ashton  Valve  Co 32 

•Aubum  Ball  Bearing  Co 31 

Babcock  &  Wilcox  Co 32 

Baldwin  &  Co.,  Bert  L 37 

•Ball  Engine  Co — 

Beet,  W.  N 49 

■     'BetHon  Plastic  Fire  Brick  Co 28 

I     Box  &  Co.,  Alfred 30 

(.      Bristol  Co 1 

I    'Brown  Co.,  A.  &  F 30 

[     Brown  Engine  Co 29 

•Brown  Hoisting  Mchy  Co 35 

Brown  Instrument  Co 45 

Builders  Iron  Foundry 19 

I    •Caldwell  &  Son  Co.,  H.  W 36 

Chapman  Valve  Mfg.  Co 33 

-  •Clyde  Iron  Works 26 

Cowdrey  Machine  Works,  C.  H 17 

Crescent  Mfg.  Co 33 

Cumberland  Steel  Co 47 

i  .  Davidson  Co.,  M.  T 38 

V    Davis  Regulator  Co.,  Q.  M 20 

-  •De  la  Vergne  Machine  Co 

•Devine  Co.,  J.  P 45 

Dodge  Manufacturing  Co 36 

Doehler  Die  Casting  Co 26  . 

Eastern  Machinery  Co. 36 

!   *£dge  Moor  Iron  Co 33 

•     Electric  Water  Sterilixer  Co 38 

Electrical  Testing  Laboratories 37 

Engineering  Schools  and  Colleges 37 

i     Erie  City  Iron  Works 33 

FaTnir  Bearing  Co 36 

Fairmont  Mining  Maohineiy  Co.. ...  

•Falls  Clutch  &  Mchy  Co 27 

Farrel  Foundry  &  Machinery  Co. ...  11 

•Fellows  Gear  Shaper  Co 27 

'"  Fortuna  Machine  Co 26 

Franklin  Mfg.  Co.,  H.  H 26 

•Fulton  Iron  Works 19 

Garvin  Machine  Co 

;  General  Condenser  Co 16 


Page 

•General  Electric  Co 12 

•Goodrich  Co.,  B.  F 22 

•Goulds  Mfg.  Co — 

•Green  Engineering  Co..  .• 32 

Green  Fuel  Economiaer  Co 9 

Harrisburg  Foundry  &  Machine  Works  29 

Harrison  Safety  Boiler  Works 14 

Heald  Machine  Co.. 37 

Heine  Safety  Boiler  Co 6 

•Hill  Clutch  Co 36 

Holyoke  Machine  Co 38 

•Homestead  Valve  Mfg.  Co 33 

Hooper-Falkenau  Engineering  Co 37 

•Hooven,  Owens,  Rentschler  Co 18 

Hughson  Steam  Specialty  Co 34 

•Hunt  Co.,  Inc.,  C.  W 13 

Industrial  Instrument  Co 29 

•IngersoU-Rand  Co 10 

James  Mfg.  Co.,  D.  0 30 

Jeffrey  Mfg.  Co 13 

•Jenkins  Bros 14 

•Jones  &  Lamson  Machina  Co 2, 3 

•Keasbey  Co.,  Robt.  A 34 

•Keeler  Co.,  E 32 

King  Machine  Tool  Co 37 

Lammert  &  Mann 38 

Le  Blond  Machine  Tool  Co.,  R.  K. . .  37 

Lidgerwood  Mfg.  Co 35 

•Link-Belt  Co 35 

•Ludlow  Valve  Mfg.  Co 34 

•Lunkenheimer  Co 21 

Mackintosh,  Hemphill  4  Co 36 

Main,  Chas.  T 37 

Manhattan  Rubber  Mfg.  Co. 33 

Manning,  Chas.  H.  and  Chas.  B .  37 

Manning,  Maxwell  &  Moore,  Inc 24 

Mathews  Gravity  Carrier  Co 24 

Meota  Machine  Co... 

♦Moore  &  White  Co 27 

•Morehead  Mfg.  Co 34 

Morgan  Engineering  Co 36 

•Morris  Co.,  I.  P 26 

•Morris  Machine  Works 29 

•Murphy  Iron  Works I6 

^National  Meter  Co 18 

National  Pipe  Bending  Co 28 

Nelson  Valve  Co 

New  Process  Gear  Corp 13 


Page 

New  York  University  School  of  Ap- 

plied  Science 37 

•Nordberg  Manufacturing  Co 20 

Orton  &  Steinbrenner  Co 30 

•Pickering  Governor  Co 34 

Polytechnic  Institute  of  Brooklyn....  37 

Power  Specialty  Co 

•Pratt  &  Cady  Co.,  Inc 34 

Prince,  Walter  F 37 

Professional  Cards 37 

Providence  Engineering  Works 45 

Rail  Joint  Co 31 

Rensselaer  Polytechnic  Institute 37 

•Richardson-Phenix  Co 46 

•Robins  Conveying  Belt  Co , 36 

Rockwood  Mfg.  Co 36 

•Roebling's  Sons  Co.,  John  A 22 

•Roots  Co.,  P.  H.  &  F.  M 37 

Royersford  Foundry  &  Machine  Co..  23 
•Ruggles-Coles  Engineering  Co 37 

Scaife  &  Sons  Co.,  Wm.  B .34' 

Schieren  Co.,  Chas,  A 60 

Schutte  &  Koerting  Co 15 

Shaw  Electric  Crane  Co 36 

Simonds  &  Co.,  G.  L 21 

•Smith  Co.,  H.  B.. _ 

Smith  Gas  Power  Co 34 

•Sturtevant  Co.,  B.  F 37 

•Tagliabue  Mfg.  Co.,  C.  J. 27 

•Texas  Co 26 

Toledo  Bridge  &  Crane  Co 36 

•Union  Drawn  Steel  Co 38 

•Veeder  Mfg.  Co 31 

•Vilter  Manufacturing  Co 34 

•Vulcan  Soot  Cleaner  Co 21 

Wagner  Electric  Mfg.  Co 38 

Walworth  Mfg.  Co.. 49 

•Warner  &  Swasey  Co 1 

Webster  Mfg.  Co 36 

Weimer  Mch.  Works  Co 36 

Wells  Bros.  Co 37 

Weston  Eleo.  Instrument  Co 28 

•Wheeler  Condensing  &  Engrg.  Co.. . .  17 

•Wheeler  Mfg.  Co.,  C.  H 28 

Whitlock,  Elliott  H 37 

Williams  A  Sons,  I.  B. . , U 

•Wood  &  Co.,  R.  D 81 

Wood's  Sons  Co.,  T.  B 36 

Yamall- Waring  Co 7 
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